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(57) An image display apparatus is provided for per-
forming image display by dividing one frame period into
a plurality of sub-frame periods, determining a gradation
level of each of the sub-frame periods in accordance
with a gradation level of an input image signal and sup-
plying the determined gradation level to an image dis-
play section. The image display apparatus comprises a
display control section, wherein the display control sec-
tion supplies a relatively largest gradation level in a rel-
atively central sub-frame period which is at a time-wise
center or closest to the time-wise center of one frame
period, and supplies a sequentially lowered gradation
level in a sub-frame period which is sequentially farther
from the relatively central sub-frame period.
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Description

[0001] This application claims priority from Patent Application No. 2003-387269 filed in Japan on November 17,
2003, and Patent Application No. filed in Japan on November 16, 2004, the entire contents of which
are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION:

[0002] The present invention relates to an image display apparatus using a hold-type display device such as, for
example, a liquid crystal display device or an EL (electroluminescence) display device; an electronic apparatus, a liquid
crystal TV, a liquid crystal monitoring apparatus, which use such an image display apparatus for a display section; an
image display method performing image display using such an image display apparatus; a display control program for
allowing a computer to execute the image display method; and a computer-readable recording medium having the
display control program recorded thereon.

2. DESCRIPTION OF THE RELATED ART:

[0003] Conventional image display apparatuses are roughly classified into impulse-type display apparatuses such
as CRTs (cathode ray tubes), film projectors and the like; and hold-type display apparatuses using hold-type display
devices such as liquid crystal display devices, EL display devices and the like mentioned above.
[0004] In impulse-type display apparatuses, a light-on period in which an image is displayed and a light-off period
in which no image is displayed are alternately repeated. It is considered that human eyes perceive, as the brightness,
a luminance obtained by time integration of a luminance change of an image which is actually displayed on the screen
during a period of about several frames. Therefore, human eyes can observe, with no unnatural feeling, an image
displayed by an image display apparatus, such an impulse-type image display apparatus, in which the luminance
changes within a short period of one frame or less.
[0005] Figure 46 shows a luminance change in accordance with time of one horizontal line in a screen when an
object horizontally moves with a still background in a conventional impulse-type image display apparatus. In Figure
46, the horizontal axis represents the luminance state in the horizontal direction of the screen (the position of the pixel
portion in the horizontal direction), and the vertical axis represents the time. Figure 46 shows images displayed on the
screen in three frames.
[0006] In Figure 46, each one-frame period T101 is a cycle by which the image is updated. In the impulse-type image
display apparatus shown in Figure 46, a light-on period T102 is at the beginning of each one-frame period T101. A
light-off period T103 follows the light-on period T102 until the image is updated in the next frame. In the light-off period
T103, the luminance is minimum.
[0007] Regarding the display state of one horizontal line, a display portion A of the moving object is sandwiched
between display portions B of the still background. Each time the image is updatedframe by frame, the display portion
A moves rightward.
[0008] The observer's eye paying attention to the display portion A follows the display portion A and thus moves in
the direction represented by the oblique thick arrow. A value obtained by time integration of a luminance change in the
direction of the movement of the object is perceived as the brightness by the human eye.
[0009] Figure 47 shows the distribution in brightness of the image shown in Figure 46 which is viewed by the ob-
server's eye paying attention to the moving object.
[0010] In the case of the impulse-type image display apparatus, the period from an image update to the next image
update is mostly a light-off period T103. The luminance in the light-off period T103, which is sufficiently low, does not
contribute to the time-integrated luminance (value of the vertical axis). As a result, the observer's eye clearlyviews the
difference in brightness at the border between the still background and the moving object. Therefore, the observer's
eye can clearly distinguish the object from the background.
[0011] It is considered that hold-type image display apparatuses are inferior to the impulse-type image display ap-
paratuses in the quality of moving images. This will be described in detail below.
[0012] Figure 48 shows a luminance change in accordance with time of one horizontal line in a screen when an
object horizontally moves with a still background in a general conventional hold-type image display apparatus. In Figure
48, the horizontal axis represents the luminance state in the horizontal direction of the screen (the position of the pixel
portion in the horizontal direction), and the vertical axis represents the time. Figure 48 shows images displayed on the
screen in three frames.
[0013] In Figure 48, unlike in Figure 46, each one-frame period T101 is entirely a light-on period T102. No light-off
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period is provided.
[0014] Figure 49 shows the distribution in brightness of the image shown in Figure 48 which is viewed by the ob-
server's eye paying attention to the moving object.
[0015] Since the one-frame period T101 is entirely a light-on period T102, the object is displayed as remaining at
the same position from an image update until the next image update. As a result, the value obtained by time integration
of a luminance change in the direction of the movement of the object does not reflect the difference in brightness at
the border between the still background and the moving object. Therefore, the observer's eye views the border as a
movement blur. This is one cause of the poor image quality of general conventional hold-type image display appara-
tuses.
[0016] One solution to this problem of the hold-type image display apparatuses is to reduce the duration of the light-
on period to about half and provide a period in which image display is performed at the minimum luminance level
(minimum luminance period). Hereinafter, this system will be referred to as the "minimum (luminance) insertion system".
[0017] Figure 50 shows a luminance change in accordance with time of one horizontal line in a screen when an
object horizontally moves with a still background in a conventional hold-type image display apparatus which adopts
the minimum (luminance) insertion system. In Figure 50, the horizontal axis represents the luminance state in the
horizontal direction of the screen (the position of the pixel portion in the horizontal direction), and the vertical axis
represents the time. Figure 50 shows images displayed on the screen in three frames.
[0018] In Figure 50, unlike in Figure 48, each one-frame period T101 includes a 1/2-frame light-off period (or a
minimum luminance period or a minimum (luminance) insertion period) T103.
[0019] Figure 51 shows the distribution in brightness of the image shown in Figure 50 which is viewed by the ob-
server's eye paying attention to the moving object.
[0020] Figure 51 shows that the movement blur is alleviated, as compared with the general conventional hold-type
image display apparatus shown in Figure 49.
[0021] However, in the conventional hold-type image display apparatus which adopts the minimum (luminance) in-
sertion system, each one-frame period includes a minimum luminance period (or a minimum (luminance) insertion
period or a light-off period) even when the image display is performed at the maximum gradation level. Therefore, the
maximum luminance perceived by the observer's eye is half of that in the general conventional hold-type image display
apparatuses which do not adopt the minimum (luminance) insertion system.
[0022] Especially when a display device, such as an EL display device, which spontaneously emits light, is used for
such a hold-type image display apparatus, the reduction in the maximum luminance is inevitable as compared with
the general conventional hold-type image display apparatuses which do not adopt the minimum (luminance) insertion
system.
[0023] Another solution to the problem of movement blur has been proposed for transmissive display devices such
as transmissive liquid crystal display devices and the like. According to the proposed solution, the luminance of the
backlight is increased in order to guarantee approximately the same level of maximum luminance as that of the general
conventional hold-type image display apparatuses which do not adopt the minimum (luminance) insertion system.
[0024] This proposed solution has the following drawbacks. First, the power consumption of the backlight is raised.
Second, even while the image display is performed at the minimum luminance (black period), the light from the backlight
can be transmitted through the display device. Therefore, the minimum luminance level cannot be approximately the
same as that of the hold-type image display apparatuses which do not adopt the minimum (luminance) insertion system.
As a result, the contrast is reduced.
[0025] Japanese Laid-Open Publication No. 2001-296841 proposes the following image display method by claims
27 through 41 in order to improve the quality of moving images by, for example, solving the problem of movement blur
while guaranteeing approximately the same level of maximum luminance as that of the general conventional hold-type
image display apparatuses which do not adopt the minimum (luminance) insertion system. A specific method for driving
the display device and providing an image signal of a certain gradation level is described in example 7 of Japanese
Laid-Open Publication No. 2001-296841 in detail. Japanese Laid-Open Publication No. 2001-296841 is entirely incor-
porated herein for reference.
[0026] According to the image display method proposed by Japanese Laid-Open Publication No. 2001-296841, one
frame of image display is performed using two sub frame periods, i.e., the first sub frame period and the second sub
frame period. When the gradation level of an input image signal is 0% or greater and less than 50%, an image signal
of a gradation level of 0% to 100% is supplied in the first sub frame period, and an image signal of a gradation level
of 0% is supplied in the second sub frame period. When the gradation level of the input image signal is 50% or greater
and less than 100%. an image signal of a gradation level of 0% to 100% is supplied in the first sub frame period, and
an image signal of a gradation level of 100% is supplied in the second sub frame period.
[0027] Figure 52 shows a luminance change in accordance with time of one horizontal line in a screen when an
object horizontally moves with a still background in a conventional hold-type image display apparatus disclosed by
Japanese Laid-Open Publication No. 2001-296841. In Figure 52, the horizontal axis represents the luminance state
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in the horizontal direction of the screen (the position of the pixel portion in the horizontal direction), and the vertical
axis represents the time. Figure 52 shows images displayed on the screen in three frames.
[0028] In Figure 52, unlike in Figure 48, each one-frame period T101 includes two sub frame periods T201 and T202.
[0029] This will be described in more detail. As shown in Figure 52, for a display portion B of the still background,
the gradation level of an input image signal is low. Therefore, the display portion B is in a light-on state only in the first
sub frame period T201 and is in a light-off state (0%) in the second sub frame period T202. For a display portion A of
the moving object, the gradation level of the input image signal is sufficiently high. Therefore, the display portion A is
in a light-on state at the maximum luminance (100%) in the second sub frame period T202, and is in a light-on state
at the luminance of 20% with an image signal of a gradation signal of 0% to 100% in the first sub frame period T201.
The numerals with "%" represent the luminance level of the image with respect to the maximum display ability of 100%.
For example, the numeral surrounded by the dotted line for B1 represents the luminance of 40%.
[0030] Such an image display method can guarantee approximately the same level of maximum luminance and
contrast as those of the conventional hold-type image display apparatuses which do not adopt the minimum (luminance)
insertion system, and also can improve the quality of moving images where the gradation level of the input image signal
is sufficiently low.
[0031] Japanese Laid-Open Publication No. 2002-23707 discloses another method for suppressing the reduction in
luminance of the hold-type image display apparatuses which adopt the minimum (luminance) insertion system. Ac-
cording to the method disclosed by Japanese Laid-Open Publication No. 2002-23707, a one-frame period includes a
plurality of sub frame periods, and the luminance of one of the latter frames is attenuated at a prescribed ratio in
accordance with the luminance of an input image signal. Therefore, the movement blur which is visually perceived in
the general conventional hold-type image display apparatuses can be prevented. Since the luminance of one of the
latter sub frame periods is attenuated as described above and thus is not 0%, the reduction in luminance can be
suppressed as compared with the conventional hold-type image display apparatuses which adopt the minimum (lumi-
nance) insertion system as shown in Figures 50 and 51.
[0032] For displaying an image of an object moving horizontally with a still background, the conventional image
display apparatus disclosed by Japanese Laid-Open Publication No. 2001-296841 can provide substantially the same
effect as that of the conventional hold-type image display apparatus which adopts the minimum (luminance) insertion
system shown in Figures 50 and 51, as long as the gradation level of the input image signal is sufficiently low. However,
when the gradation level of the input image signal is high, the following problems occur.
[0033] Figure 53 shows the distribution in brightness of the image shown in Figure 52 which is viewed by the ob-
server's eye paying attention to the moving object.
[0034] As shown in Figure 53, a portion of the image is brighter than the original image and another portion of the
image is darker than the original image. As a result, the observer's eye views abnormally bright and abnormally dark
portions at the leading end or the trailing end of the moving object, which are not viewed in a still image. This lowers
the quality of moving images.
[0035] The reason why such abnormally bright and abnormally dark portions are viewed is that the time-wise center
of gravity of the light-on period is significantly different between when the gradation level of the input image signal is
less than 50% and when the gradation level of the input image signal is 50% or greater. For example, when the gradation
level of the input image signal is less than 50%, the time-wise center of gravity of luminance in the light-on period is
the first sub frame period T201 since an image signal of a gradation level of 0% is supplied in the second sub frame
period T202. When the gradation level of the input image signal is 50% or greater, the time-wise center of gravity of
the light-on period (display luminance) is the second sub frame period T202 since an image signal of a gradation level
of 100% is supplied in the second sub frame period T202. For this reason, abnormally bright and abnormally dark
portions are viewed at the leading end or the trailing end of the moving object, in terms of the value obtained by time
integration of a luminance change in the direction of the movement of the object.
[0036] Current general image signals, for example, TV broadcast signals, video reproduction signals, and PC (per-
sonal computer) image signals, are mostly generated and output in consideration of the gamma luminance character-
istic of CRTs (cathode ray tubes). Display panels which use the hold-type display devices such as, for example, liquid
crystal display devices and EL display devices generally have substantially the same gamma luminance characteristic
as that of CRTs in order to be compatible with the general image signals.
[0037] Figure 54 is a graph illustrating the relationship between the gradation level of an input image signal and the
display luminance of a display panel having such a gamma luminance characteristic. As shown in Figure 54, the rela-
tionship is represented by a curve which is generally concaved toward lower luminance. From this, it is understood
that the point of luminance of 50% and the point of gradation level of 50% do not match each other.
[0038] Figure 55 shows the relationship between the gradation level of an input signal and the time-integrated lumi-
nance corresponding to the brightness perceived by the observer's eye, when the display control as described in
example 7 of Japanese Laid-Open Publication No. 2001-296841 is performed using a hold-type image display device
having the gamma luminance characteristic.



EP 1 536 407 A2

5

10

15

20

25

30

35

40

45

50

55

5

[0039] In example 7 of Japanese Laid-Open Publication No. 2001-296841, when the gradation level of the input
image signal is 50% or greater, an image signal is supplied in two sub frame periods (the first and second sub frame
periods). By contrast, when the gradation level of the input image signal is less than 50%, an image signal is supplied
in only one sub frame period (only in the first sub frame period). Therefore, the luminance characteristic curve has two
concaves at the point of luminance of 50% in the center thereof. With such a luminance characteristic curve, an ap-
propriate color reproducibility to a general input image signal cannot be realized.
[0040] The method disclosed by Japanese Laid-Open Publication 2002-23707 places the image into a light-on state
in one of the latter sub frame periods of each one-frame period, and thus can suppress the reduction in luminance and
contrast as compared with the general hold-type image display apparatus which adopt the minimum (luminance) in-
sertion type shown in Figures 50 and 51. However, this method does not provide a significant effect for preventing the
movement blur. In addition, the contrast obtained by this method is lower than that of the general conventional hold-
type image display apparatuses.

SUMMARY OF THE INVENTION

[0041] According to a first aspect of the present invention, an image display apparatus is provided for performing
image display by dividing one frame period into a plurality of sub-frame periods, determining a gradation level of each
of the sub-frame periods in accordance with a gradation level of an input image signal and supplying the determined
gradation level to an image display section. The image display apparatus comprises:

a display control section, wherein the display control section supplies a relatively largest gradation level in a rela-
tively central sub-frame period which is at a time-wise center or closest to the time-wise center of one frame period,
and supplies a sequentially lowered gradation level in a sub-frame periodwhich is sequentially farther from the
relatively central sub-frame period.

[0042] In one embodiment of the first aspect of the present invention, when the gradation of the input image signal
is relatively smallest, the display control section supplies a relatively smallest gradation level to all the sub-frame pe-
riods; and

when the gradation of the input image signal is relatively largest, the display control section supplies a relatively
largest gradation level to all the sub-frame periods.
[0043] In one embodiment of the first aspect of the present invention, the display control section performs image
display by the image display section by controlling the gradation level supplied in each sub-frame period, such that a
time-integrated value of luminance corresponding to the input image signal represents a prescribed luminance char-
acteristic.
[0044] According to a second aspect of the present invention, an image display apparatus is provided for performing
one frame of image display by a sum of time-integrated values of luminance displayed in an image display section in
n sub-frame periods (where n is an integer of 2 or greater). The image display apparatus comprises:

a display control section for performing the n sub-frame periods of image display control on the image display
section in each one-frame period, wherein:

in a relatively central sub-frame period which is at a time-wise center, or closest to the time-wise center, of
one frame period for image display, the display control section supplies, to the image display section, an image
signal of a relatively largest gradation level within the range in which a sum of time-integrated value of lumi-
nance in the n sub-frame periods does not exceed the luminance level corresponding to the gradation level
of an input image signal;

when the sum of time-integrated values of luminance in the relatively central sub-frame period does not reach the
luminance level corresponding to the gradation level of the input image signal, the display control section supplies,
to the image display section, an image signal of the relatively largest gradation level within the range in which the
sum of time-integrated values of luminance in the n sub-frame periods does not exceed the luminance level cor-
responding to the gradation level of the input image signal, in each of a preceding sub-frame period before the
central sub-frame period and a subsequent sub-frame period after the central sub-frame period;
when the sum of time-integrated values of luminance in the relatively central sub-frame period, the preceding sub-
frame period and the subsequent sub-frame period still do not reach the luminance level corresponding to the
gradation level of the input image signal, the display control section supplies, to the image display section, an
image signal of the relatively largest gradation level within the range in which the sum of time-integrated values
of luminance in the n sub-frame periods does not exceed the luminance level corresponding to the gradation level
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of the input image signal, in each of a sub-frame period before the preceding sub-frame period and a sub-frame
period after the subsequent sub-frame period;
the display control section repeats the operation until the sum of time-integrated values of luminance in all the sub-
frame periods in which the image signals have been supplied reaches the luminance level corresponding to the
gradation level of the input image signal; and
when the sum reaches the luminance level corresponding to the gradation level of the input image signal, the
display control section supplies, to the image display section, an image signal of a relatively smallest gradation
level or an image signal of a gradation level lower than a proscribed value in the remaining sub-frame periods.

[0045] According to a third aspect of the present invention, an image display apparatus is provided for performing
one frame of image display by a sum of time-integrated values of luminance displayed in an image display section in
n sub-frame periods (where n is an odd number of 3 or greater). The image display apparatus comprises:

a display control section for performing the n sub-frame periods of image display control on the image display
section in each one-frame period, wherein:

the sub-frame periods are referred to as a first sub-frame period, a second sub-frame period, ... the n'th sub-
frame period from the sub-frame period which is earliest in terms of time or from the sub-frame period which
is latest in terms of time; and the sub-frame period which is at a time-wise center of one frame period for image
display is referred to as the m'th sub-frame period, where m = (n + 1)/2;
(n + 1)/2-number of threshold levels are provided for the gradation level of an input image signal, and the
threshold levels are referred to as T1, T2, ... T[(n + 1)/2] from the smallest threshold level;
when the gradation level of the input image signal is equal to or less than T1, the display control section
supplies, to the image display section, an image signal of a gradation level which is increased or decreased
in accordance with the gradation level of the input image signal in the m'th sub-frame period, and an image
signal of a relatively smallest gradation level or an image signal lower than a prescribed value in the other
sub-frame periods;
when the gradation level of the input image signal is greater than T1 and equal to or less than T2, the display
control section supplies, to the image display section, an image signal of a relatively largest gradation level
or an image signal of a gradation level greater than the prescribed value in the m'th sub-frame period, an
image signal of a gradation level which is increased or decreased in accordance with the gradation level of
the input image signal in each of the (m-1)'th sub-frame periods and the (m+1)'th sub-frame periods, and an
image signal of the relatively smallest gradation level or an image signal of a gradation level lower then the
prescribed value in the other sub-frame periods;
when the gradation level of the input image signal is greater than T2 and equal to or less than T3, the display
control section supplies, to the image display section, an image signal of the relatively largest gradation level
or an image signal of a gradation level greater than the prescribed value in each of the m'th sub-frame periods,
the (m-1)'th sub-frame periods and the (m+1)'th sub-frame periods, an image signal of a gradation level which
is increased or decreased in accordance with the gradation level of the input image signal in each of the (m-
2)'th sub-frame periods and the (m+2)'th sub-frame periods, and an image signal of the relatively smallest
gradation level or an image signal of a gradation level lower than the prescribed value in the other sub-frame
periods; and in this manner,
when the gradation level of the input image signal is greater than Tx-1 (x is an integer of 4 or greater) and
equal to or less than Tx, the display control section supplies, to the image display section, an image signal of
the relatively largest gradation level or an image of a gradation level greater than the prescribed value in each
of the [m-(x-2)]'th sub-frame periods through the [m+(x-2)]'th sub-frame period, an image signal of a gradation
level which is increased or decreased in accordance with the gradation level of the input image signal in each
of the [m-(x-1)]'th sub-frame periods through the [m+(x-1)]'th sub-frame period, and an image signal of the
relatively smallest gradation level or an image signal of a gradation level lower than the prescribed value in
the other sub-frame periods.

[0046] According to a fourth aspect of the present Invention, an image display apparatus is provided for performing
one frame of image display by a sum of time-integrated values of luminance displayed in an image display section in
n sub-frame periods (where n is an even number of 2 or greater). The image display apparatus comprises:

a display control section for performing the n sub-frame periods of image display control on the image display
section in each one-frame period, wherein:
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the sub-frame periods are referred to as a first sub-frame period, a second sub-frame period, ... the n'th sub-
frame period from the sub-frame period which is earliest in terms of time or from the sub-frame period which
is latest in terms of time; and two sub-frame periods which are closest to a time-wise center of one frame
period for image display are referred to as the m1st sub-frame period and the m2nd sub-frame period, where
m1 - n/2 and m2 = n/2 + 1;
n/2-number of threshold levels are provided for the gradation level of an input image signal, and the threshold
levels are referred to as T1, T2, ... T[n/2] from the smallest threshold level;
when the gradation level of the input image signal is equal to or less than T1, the display control section
supplies, to the image display section, an image signal of a gradation level which is increased or decreased
in accordance with the gradation level of the input image signal in each of the m1st sub-frame period and the
m2nd sub-frame period, and an image signal of a relatively smallest gradation level or an image signal of a
gradation level lower than a prescribed value in the other sub-frame periods;
when the gradation level of the input image signal is greater than T1 and equal to or less than T2, the display
control section supplies, to the image display section, an image signal of a relatively largest gradation level
or an image signal of a gradation level greater than the prescribed value in each of the m1st sub-frame period
and the m2nd sub-frame period, an image signal of a gradation level which is increased or decreased in
accordance with the gradation level of the input image signal in each of the (m1-1)'th sub-frame period and
the (m2+1)'th sub-frame period, and an image signal of the relatively smallest gradation level or an image
signal of a gradation level lower than the prescribed value in the other sub-frame periods;
when the gradation level of the input image signal is greater than T2 and equal to or less than T3, the display
control section supplies, to the image display section, an image signal of the relatively largest gradation level
or an image signal of a gradation level greater than the prescribed value in each of the m1st sub-frame period,
the m2nd sub-frame period, the (m1-1)'th sub-frame period and the (m2+1)'th sub-frame period, an image
signal of a gradation level which is increased or decreased in accordance with the gradation level of the input
image signal in each of the (m1-2)'th sub-frame period and the (m2+2)'th sub-frame period, and an image
signal of the relatively smallest gradation level or an image signal of a gradation level lower than the prescribed
value in the other sub-frame periods; and in this manner,
when the gradation level of the input image signal is greater than Tx-1 (x is an integer of 4 or greater) and
equal to or less than Tx, the display control section supplies, to the image display section, an image signal of
the relatively largest gradation level or an image signal of a gradation level greater than the prescribed value
in each of the [m1-(x-2)]'th sub-frame periods through the [m2+(x-2)]'th sub-frame period, an image signal of
a gradation level which is increased or decreased in accordance with the gradation level of the input image
signal in each of the [m1-(x-1)]'th sub-frame periods through the [m2+(x-1)]'th sub-frame period, and an image
signal of the relatively smallest gradation level or an image signal of a gradation level lower than the prescribed
value in the other sub-frame periods.

[0047] According to a fifth aspect of the present invention, an image display apparatus is provided for performing
one frame of image display by a sum of time-integrated values of luminance displayed in an image display section in
two sub-frame periods. The image display apparatus comprises:

a display control section for performing the two sub-frame periods of image display control on the image display
section in each one-frame period, wherein:

one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period is referred
to as a sub-frame period β;
when the gradation level of an input image signal is equal to or less than a threshold level uniquely determined,
the display control section supplies, to the image display section, an image signal of a gradation level which
is increased or decreased by the gradation level of the input image signal in the sub-frame period α, and an
image signal of a relatively smallest gradation level or an image signal of a gradation level lower than a pre-
scribed value in the sub-frame period β; and
when the gradation level of the input image signal is greater than the threshold level, the display control section
supplies, to the image display section, an image signal of a relatively largest gradation level or an image signal
of a gradation level greater than the prescribed value in the sub-frame period α; and an image signal of a
gradation level which is increased or decreased by the gradation level of the input image signal in the sub-
frame period β.

[0048] According to a sixth aspect of the present invention, an image display apparatus is provided for performing
one frame of image display by a sum of time-integrated values of luminance displayed in an image display section in
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two sub-frame periods. The image display apparatus comprises:

a display control section for performing the two sub-frame periods of image display control on the image display
section in each one-frame period, wherein:

one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period is referred
to as a sub-frame period β; and threshold levels, T1 and T2, of the gradation levels in the two sub-frame
periods are defined, and the threshold level T2 is greater than the threshold level T1;
when the gradation level of an input image signal is equal to or less than the threshold level T1, the display
control section supplies, to the image display section, an image signal of a gradation level which is increased
or decreased in accordance with the gradation level of the input image signal in the sub-frame period α, and
an image signal of a relatively smallest gradation level or an image signal of a gradation level lower than a
prescribed value in the sub-frame period β;
when the gradation level of the input image signal is greater than the threshold level T1 and equal to or less
than the threshold level T2, the display control section supplies, to the image display section, an image signal
of a gradation level which is increased or decreased in accordance with the gradation level of the input image
signal in the sub-frame period α, and an image signal of a gradation level which is lower than the gradation
level supplied in the sub-frame period α and which is increased or decreased in accordance with the gradation
level of the input image signal in the sub-frame period β; and
when the gradation level of the input image signal is greater than the threshold level T2, the display control
section supplies, to the image display section, an image signal of a relatively largest gradation level or an
image signal of a gradation level which is greater than the prescribed value in the sub-frame period α, and an
image signal of a gradation level which is increased or decreased in accordance with the gradation level of
the input image signal in the sub-frame period β.

[0049] According to a seventh aspect of the present invention, an image display apparatus is provided for performing
one frame of image display by a sum of time-integrated values of luminance displayed in an image display section in
two sub-frame periods. The image display apparatus comprises:

a display control section for performing the two sub-frame periods of image display control on the image display
section in each one-frame period, wherein:

one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period is referred
to as a sub-frame period β; threshold levels, T1 and T2, of the gradation levels in the two sub-frame periods
are defined, and the threshold level T2 is greater than the threshold level T1; and a gradation level L is uniquely
determined;
when the gradation level of an input image signal is equal to or less than the threshold level T1, the display
control section supplies, to the image display section, an image signal of a gradation level which is increased
or decreased in accordance with the gradation level of the input image signal in the sub-frame period α, and
an image signal of a relatively smallest gradation level or an image signal of a gradation level lower than a
prescribed level in the sub-frame period β;
when the gradation level of the input image signal is greater than the threshold level T1 and equal to or less
than the threshold level T2, the display control section supplies, to the image display section, an image signal
of the gradation level L in the sub-frame period α, and an image signal of a gradation level which is increased
or decreased in accordance with the gradation level of the input image signal in the sub-frame period β; and
when the gradation level of the input image signal is greater than the threshold level T2, the display control
section supplies, to the image display section, an image signal of a gradation level which is increased or
decreased in accordance with the gradation level of the input image signal in the sub-frame period α, and an
image signal of a relatively largest gradation level or an image signal of a gradation level greater than the
prescribed value in the sub-frame period β.

[0050] According to an eighth aspect of the present invention, an image display apparatus is provided for performing
one frame of image display by a sum of time-integrated values of luminance displayed in an image display section in
two sub-frame periods. The image display apparatus comprises:

a display control section for performing the two sub-frame periods of image display control on the image display
section in each one-frame period, wherein:
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the display control section generates an image in an intermediate state in terms of time through estimation
based on two frames of images continuously input;
one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period is referred
to as a sub-frame period β;
in the sub-frame period α, when the gradation level of an input image signal is equal to or less than a threshold
level uniquely determined, the display control section supplies, to the image display section, an image signal
of a gradation level which is increased or decreased in accordance with the gradation level of the input image
signal; and when the gradation level of the input image signal is greater than the threshold level, the display
control section supplies, to the image display section, an image signal of a relatively largest gradation level
or an image signal of a gradation level greater than a prescribed value; and
in the sub-frame period β, when the gradation level of the image signal in the intermediate state is equal to or
less than the threshold level, the display control section supplies, to the image display section, an image signal
of a relatively smallest gradation level or an image signal of a gradation level lower than the prescribed value;
and when the gradation level of the image signal in the intermediate state is greater than the threshold level,
the display control section supplies, to the image display section, an image signal of a gradation level which
is increased or decreased in accordance with the gradation level of the image signal in the intermediate state.

[0051] According to a ninth aspect of the present invention, an image display apparatus is provided for performing
one frame of image display by a sum of time-integrated values of luminance displayed in an image display section in
two sub-frame periods. The image display apparatus comprises:

a display control section for performing the two sub-frame periods of image display control on the image display
section in each one-frame period, wherein:

one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period is referred
to as a sub-frame period β;
in the sub-frame period α, when the gradation level of an input image signal is equal to or less than a threshold
level uniquely determined, the display control section supplies, to the image display section, an image signal
of a gradation level which is increased or decreased in accordance with the gradation level of the input image
signal; and when the gradation level of the input image signal is greater than the threshold level, the display
control section supplies, to the image display section, an image signal of a relatively largest gradation level
or an image signal of a gradation level greater than a prescribed value; and
in the sub-frame period β, when an average value of the gradation level of the image signal in the current
frame period and the gradation level of an image signal input one frame before or one frame after is equal to
or less than the threshold level, the display control section supplies, to the image display section, an image
signal of a relatively smallest gradation level or an image signal of a gradation level lower than the prescribed
value; and when the average value is greater than the threshold level, the display control section supplies, to
the image display section an image signal of a gradation level which is increased or decreased in accordance
with the average value.

[0052] In one embodiment of the first aspect of the present invention, the sub-frame periods have an identical length
to each other or different lengths from each other.
[0053] In one embodiment of the first aspect of the present invention, the display control section sets an upper limit
of the gradation level of the image signal supplied in each sub-frame period.
[0054] In one embodiment of the first aspect of the present invention, where upper limits of the gradation levels of
the image signals supplied in the first, second, ... n'th sub-frame periods are respectively referred to as L1, L2, ... Ln;
and the sub-frame period which is at the time-wise the center, or closest to the time-wise center, of one frame period
is referred to as the j'th sub-frame period,

the display control section sets the upper limits so as to fulfill:

where i is an integer of 0 or greater and less than j.
[0055] In one embodiment of the first aspect of the present invention, the image display section sets the gradation

L[j - i] ≥ L[j - (i + 1)];

L[j + i] ≥ L[j + (i + 1)]
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level of the image signal supplied in each sub-frame period after being increased or decreased in accordance with the
gradation level of the input image signal, such that the relationship between the gradation level of the input image
signal and the time-integrated values of luminance during one frame period exhibits an appropriate gamma luminance
characteristic.
[0056] In one embodiment of the first aspect of the present invention, the image display apparatus further comprises
a gamma luminance characteristic setting section for externally setting the gamma luminance characteristic, wherein:

the display control section is capable of changing the gamma luminance characteristic which is externally set by
the gamma luminance characteristic setting section.

[0057] In one embodiment of the first aspect of the present invention, the image display apparatus further comprises
a temperature detection section for detecting a temperature of a display panel or the vicinity thereof, wherein:

in accordance with the temperature detected by the temperature detection section, the display control section sets
the gradation level of the image signal supplied in each sub-frame period after being increased or decreased in
accordance with the gradation level of the input image signal.

[0058] In one embodiment of the first aspect of the present invention, where the input image signal has a plurality
of color components, the display control section sets the gradation level of the image signal supplied in each sub-frame
period, such that the ratio between the luminance level displayed in each sub-frame period of a color other than a color
having a highest gradation level of input image signal, is equal to the ratio between the luminance level displayed in
each sub-frame period of the color having the highest gradation level of input image signal.
[0059] In one embodiment of the first aspect of the present invention, where the plurality of sub-frame periods are
three or more sub-frame periods, the gradation level allocated to the central sub-frame period in one frame period is
higher than the gradation levels allocated to the other sub-frame periods at ends of one frame period.
[0060] In one embodiment of the first aspect of the present invention, where the plurality of sub-frame periods are
three or more sub-frame periods, the luminance level of the image signal allocated to the central sub-frame period in
one frame period is higher than the luminance levels of the image signal allocated to the other sub-frame periods at
ends of one frame period.
[0061] In one embodiment of the first aspect of the present invention, a time-wise center of gravity of time-integrated
values of luminance in the plurality of sub-frame periods moves within one sub-frame period.
[0062] In one embodiment of the first aspect of the present invention, the display control section performs display
control on each of a plurality of pixel portions on a display screen.
[0063] In one embodiment of this invention, each pixel portion includes one pixel or a prescribed number of pixels.
[0064] In one embodiment of the first aspect of the present invention, the gradation level of the image signal allocated
in an earlier sub-frame period is half or less of the gradation level of the image signal allocated in a later sub-frame
period.
[0065] In one embodiment of the second aspect of the present invention, the sub-frame periods have an identical
length to each other or different lengths from each other.
[0066] In one embodiment of the second aspect of the present invention, the display control section sets an upper
limit of the gradation level of the image signal supplied in each sub-frame period.
[0067] In one embodiment of the second aspect of the present invention, where upper limits of the gradation levels
of the image signals supplied in the first, second, ... n'th sub-frame periods are respectively referred to as L1, L2, ...
Ln; and the sub-frame period which is at the time-wise the center, or closest to the time-wise center, of one frame
period is referred to as the j'th sub-frame period,

the display control section sets the upper limits so as to fulfill:

where i is an integer of 0 or greater and less than j.
[0068] In one embodiment of the second aspect of the present invention, the image display section sets the gradation
level of the image signal supplied in each sub-frame period after being increased or decreased in accordance with the
gradation level of the input image signal, such that the relationship between the gradation level of the input image
signal and the time-integrated values of luminance during one frame period exhibits an appropriate gamma luminance

L[j - i] ≥ L[j - (i + 1)];

L[j + i] ≥ L[j + (i + 1)]
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characteristic.
[0069] In one embodiment of the second aspect of the present invention, the image display apparatus further com-
prises a gamma luminance characteristic setting section for externally setting the gamma luminance characteristic,
wherein:

the display control section is capable of changing the gamma luminance characteristic which is externally set by
the gamma luminance characteristic setting section.

[0070] In one embodiment of the second aspect of the present invention, the image display apparatus further com-
prises a temperature detection section for detecting a temperature of a display panel or the vicinity thereof, wherein:

in accordance with the temperature detected by the temperature detection section, the display control section sets
the gradation level of the image signal supplied in each sub-frame period after being increased or decreased in
accordance with the gradation level of the input image signal.

[0071] In one embodiment of the second aspect of the present invention, the input image signal has a plurality of
color components, the display control section sets the gradation level of the image signal supplied in each sub-frame
period, such that the ratio between the luminance level displayed in each sub-frame period of a color other than a color
having a highest gradation level of input image signal, is equal to the ratio between the luminance level displayed in
each sub-frame period of the color having the highest gradation level of input image signal.
[0072] In one embodiment of the second aspect of the present invention, the gradation level which is greater than
the prescribed value is a gradation level of greater than 90% where the relatively largest gradation level is 100%, and
the gradation level which is lower than the prescribed value is a gradation level lower than 10% where the relatively
smallest gradation level is 0%.
[0073] In one embodiment of the second aspect of the present invention, the gradation level which is greater than
the prescribed value is a gradation level corresponding to a luminance level greater than 90% where the relatively
largest luminance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level
corresponding to a luminance level lower than 10% where the relatively smallest luminance level is 0%.
[0074] In one embodiment of the second aspect of the present invention, the gradation level which is greater than
the prescribed value is a gradation level greater than 98% where the relatively largest gradation level is 100%, and
the gradation level which is lower than the prescribed value is a gradation level lower than 2% where the relatively
smallest gradation level is 0%.
[0075] In one embodiment of the second aspect of the present invention, the gradation level which is greater than
the prescribed value is a gradation level corresponding to a luminance level greater than 98% where the relatively
largest luminance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level
corresponding to a luminance level lower than 2% where the relatively smallest luminance level is 0%.
[0076] In one embodiment of the second aspect of the present invention, where the plurality of sub-frame periods
are three or more sub-frame periods, the gradation level allocated to the central sub-frame period in one frame period
is higher than the gradation levels allocated to the other sub-frame periods at ends of one frame period.
[0077] In one embodiment of the second aspect of the present invention, where the plurality of sub-frame periods
are three or more sub-frame periods, the luminance level of the image signal allocated to the central sub-frame period
in one frame period is higher than the luminance levels of the image signal allocated to the other sub-frame periods
at ends of one frame period.
[0078] In one embodiment of the second aspect of the present invention, a time-wise center of gravity of time-inte-
grated values of luminance in the plurality of sub-frame periods moves within one sub-frame period.
[0079] In one embodiment of the second aspect of the present invention, the display control section performs display
control on each of a plurality of pixel portions on a display screen.
[0080] In one embodiment of this invention, each pixel portion includes one pixel or a prescribed number of pixels.
[0081] In one embodiment of the third aspect of the present invention, the sub-frame periods have an identical length
to each other or different lengths from each other.
[0082] In one embodiment of the third aspect of the present invention, the m' th sub-frame period has a longer length
than the other sub-frame periods.
[0083] In one embodiment of the third aspect of the present invention, the display control section sets an upper limit
of the gradation level of the image signal supplied in each sub-frame period.
[0084] In one embodiment of the third aspect of the present invention, where upper limits of the gradation levels of
the image signals supplied in the first, second, ... n'th sub-frame periods are respectively referred to as L1, L2, ... Ln;
and the sub-frame period which is at the time-wise the center, or closest to the time-wise center, of one frame period
is referred to as the j'th sub-frame period,
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the display control section sets the upper limits so as to fulfill:

where i is an integer of 0 or greater and less than j.
[0085] In one embodiment of the third aspect of the present invention, the display control section sets the threshold
level acting as a reference for the gradation level of the image signal supplied in each sub-frame period, and also sets
the gradation level of the image signal supplied in each sub-frame period, such that the relationship between the
gradation level of the input image signal and the time-integrated values of luminance during one frame period exhibits
an appropriate gamma luminance characteristic.
[0086] In one embodiment of the third aspect of the present invention, the image display apparatus further comprises
a gamma luminance characteristic setting section for externally setting the gamma luminance characteristic, wherein:

the display control section is capable of changing the gamma luminance characteristic which is externally set by
the gamma luminance characteristic setting section.

[0087] In one embodiment of the third aspect of the present invention, the image display apparatus further comprises
a temperature detection section for detecting a temperature of a display panel or the vicinity thereof, wherein:

in accordance with the temperature detected by the temperature detection section, the display control section sets
the threshold level acting as reference for the gradation level of the image signal supplied in each sub-frame period,
and also sets the gradation level of the image signal supplied in each sub-frame period after being increased or
decreased in accordance with the gradation level of the input image signal.

[0088] In one embodiment of the third aspect of the present invention, where the input image signal has a plurality
of color components, the display control section sets the gradation level of the image signal supplied in each sub-frame
period, such that the ratio between the luminance level displayed in each sub-frame period of a color other than a color
having a highest gradation level of input image signal, is equal to the ratio between the luminance level displayed in
each sub-frame period of the color having the highest gradation level of input image signal.
[0089] In one embodiment of the third aspect of the present invention, when n is 3, the display control section includes:

a timing control section;
a line data memory section for receiving and temporarily storing one horizontal line of image signal;
a frame memory data selection section, controlled by the timing control section, to select (i) transferring data from
the line data memory section to a frame data memory section, or (ii) outputting data which was input 1/4 frame
before and is read from the frame data memory section and outputting data which was input 3/4 frame before and
is read from the frame data memory section;
a gradation conversion source selection section, controlled by the timing control section, to select (i) outputting
the data from the line data memory section, or (ii) outputting the datawhich was input 3/4 frame before and is
supplied from the frame memory data selection section;
a first gradation conversion section for converting the gradation level of the image signal from the frame memory
data selection section to the relatively largest level or a gradation level greater than a prescribed value or to a
gradation level which is increased or decreased by the gradation level of the input image signal;
a second gradation conversion section for converting the gradation level of the image signal from the gradation
conversion source selection section to the relatively smallest level or a gradation level lower than the prescribed
value or to a gradation level which is increased or decreased by the gradation level of the input image signal; and
an output data selection section, controlled by the timing control section, for selecting the image signal from the
first gradation conversion section or the image signal from the second gradation conversion section, and supplying
the selected image signal to the image display section.

[0090] In one embodiment of the third aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level of greater than 90% where the relatively largest gradation level is 100%, and the
gradation level which is lower than the prescribed value is a gradation level lower than 10% where the relatively smallest
gradation level is 0%.

L[j - i] ≥ L[j - (i + 1)];

L[j + i] ≥ L[j + (i + 1)]
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[0091] In one embodiment of the third aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level corresponding to a luminance level greater than 90% where the relatively largest
luminance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 10% where the relatively smallest luminance level is 0%.
[0092] In one embodiment of the third aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level greater than 98% where the relatively largest gradation level is 100%, and the
gradation level which is lower than the prescribed value is a gradation level lower than 2% where the relatively smallest
gradation level is 0%.
[0093] In one embodiment of the third aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level corresponding to a luminance level greater than 98% where the relatively largest
luminance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 2% where the relatively smallest luminance level is 0%.
[0094] In one embodiment of the third aspect of the present invention, where the plurality of sub-frame periods are
three or more sub-frame periods, the gradation level allocated to the central sub-frame period in one frame period is
higher than the gradation levels allocated to the other sub-frame periods at ends of one frame period.
[0095] In one embodiment of the third aspect of the present invention, where the plurality of sub-frame periods are
three or more sub-frame periods, the luminance level of the image signal allocated to the central sub-frame period in
one frame period is higher than the luminance levels of the image signal allocated to the other sub-frame periods at
ends of one frame period.
[0096] In one embodiment of the third aspect of the present invention, a time-wise center of gravity of time-integrated
values of luminance in the plurality of sub-frame periods moves within one sub-frame period.
[0097] In one embodiment of the third aspect of the present invention, the display control section performs display
control on each of a plurality of pixel portions on a display screen.
[0098] In one embodiment of this invention, each pixel portion includes one pixel or a prescribed number of pixels.
[0099] In one embodiment of the fourth aspect of the present invention, the sub-frame periods have an identical
length to each other or different lengths from each other.
[0100] In one embodiment of the fourth aspect of the present invention, the display control section sets an upper
limit of the gradation level of the image signal supplied in each sub-frame period.
[0101] In one embodiment of the fourth aspect of the present invention, where upper limits of the gradation levels of
the image signals supplied in the first, second, ... n'th sub-frame periods are respectively referred to as L1, L2, ... Ln;
and the sub-frame period which is at the time-wise the center, or closest to the time-wise center, of one frame period
is referred to as the j'th sub-frame period,

the display control section sets the upper limits so as to fulfill:

where i is an integer of 0 or greater and less than j.
[0102] In one embodiment of the fourth aspect of the present invention, the display control section sets the threshold
level acting as reference for the gradation level of the image signal supplied in each sub-frame period, and also sets
the gradation level of the image signal supplied in each sub-frame period, such that the relationship between the
gradation level of the input image signal and the time-integrated values of luminance during one frame period exhibits
an appropriate gamma luminance characteristic.
[0103] In one embodiment of the fourth aspect of the present invention, the image display apparatus further comprises
a gamma luminance characteristic setting section for externally setting the gamma luminance characteristic, wherein:

the display control section is capable of changing the gamma luminance characteristic which is externally set by
the gamma luminance characteristic setting section.

[0104] In one embodiment of the fourth aspect of the present invention, the image display apparatus further comprises
a temperature detection section for detecting a temperature of a display panel or the vicinity thereof, wherein:

in accordance with the temperature detected by the temperature detection section, the display control section eats
the threshold level acting as reference for the gradation level of the image signal supplied in each sub-frame period,
and also sets the gradation level of the image signal supplied in each sub-frame period after being increased or

L[j - i] ≥ L[j - (i + 1)];

L[j + i] ≥ L[j + (i + 1)]
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decreased in accordance with the gradation level of the input image signal.

[0105] In one embodiment of the fourth aspect of the present invention, where the input image signal has a plurality
of color components, the display control section sets the gradation level of the image signal supplied in each sub-frame
period, such that the ratio between the luminance level displayed in each sub-frame period of a color other than a color
having a highest gradation level of input image signal, is equal to the ratio between the luminance level displayed in
each sub-frame period of the color having the highest gradation level of input image signal.
[0106] In one embodiment of the fourth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level of greater than 90% where the relatively largest gradation level is 100%, and the
gradation level which is lower than the prescribed value is a gradation level lower than 10% where the relatively smallest
gradation level is 0%.
[0107] In one embodiment of the fourth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level corresponding to a luminance level greater than 90% where the relatively largest
luminance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 10% where the relatively smallest luminance level is 0%.
[0108] In one embodiment of the fourth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level greater than 98% where the relatively largest gradation level is 100%, and the
gradation level which is lower than the prescribed value is a gradation level lower than 2% where the relatively smallest
gradation level is 0%.
[0109] In one embodiment of the fourth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level corresponding to a luminance level greater than 98% where the relatively largest
luminance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 2% where the relatively smallest luminance level is 0%.
[0110] In one embodiment of the fourth aspect of the present invention, where the plurality of sub-frame periods are
three or more sub-frame periods, the gradation level allocated to the central sub-frame period in one frame period is
higher than the gradation levels allocated to the other sub-frame periods at ends of one frame period.
[0111] In one embodiment of the fourth aspect of the present invention, where the plurality of sub-frame periods are
three or more sub-frame periods, the luminance level of the image signal allocated to the central sub-frame period in
one frame period is higher than the luminance levels of the image signal allocated to the other sub-frame periods at
ends of one frame period.
[0112] In one embodiment of the fourth aspect of the present invention, a time-wise center of gravity of time-integrated
values of luminance in the plurality of sub-frame periods moves within one sub-frame period.
[0113] In one embodiment of the fourth aspect of the present invention, the display control section performs display
control on each of a plurality of pixel portions on a display screen.
[0114] In one embodiment of this invention, each pixel portion includes one pixel or a prescribed number of pixels.
[0115] In one embodiment of the fifth aspect of the present invention, the sub-frame periods have an identical length
to each other or different lengths from each other.
[0116] In one embodiment of the fifth aspect of the present invention, when a response time of the image display
section to a decrease in the luminance level is shorter than a response time of the image display section to an increase
in the luminance level, the sub-frame period α is assigned to a second sub-frame period among the two sub-frame
periods; and

when the response time of the image display section to the decrease in the luminance level is longer than the
response time of the image display section to the increase in the luminance level, the sub-frame period a is assigned
to a first sub-frame period among the two sub-frame periods.
[0117] In one embodiment of the fifth aspect of the present invention, where a relatively largest luminance level of
the image display section is Lmax and a relatively smallest luminance level of the image display section is Lmin,

when a response time of the image display section to a luminance switch from the relatively largest luminance
level of Lmax to the relatively smallest luminance level of Lmin is shorter than a response time of the image display
section to a luminance switch from the relatively smallest luminance level of Lmin to the relatively largest luminance
level of Lmax, the sub-frame period α is assigned to a second sub-frame period among the two sub-frame periods; and

when the response time of the image display section to the luminance switch from the relatively largest luminance
level of Lmax to the relatively smallest luminance level of Lmin is longer than the response time of the image display
section to the luminance switch from the relatively smallest luminance level of Lmin to the relatively largest luminance
level of Lmax, the sub-frame period α is assigned to a first sub-frame period among the two sub-frame periods.
[0118] In one embodiment of the fifth aspect of the present invention, the display control section sets an upper limit
of the gradation level of the image signal supplied in each sub-frame period.
[0119] In one embodiment of the fifth aspect of the present invention, where an upper limit L1 is the gradation level
of the image signal supplied in one of the sub-frame periods and an upper limit L2 is the gradation level of the image
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signal supplied in the other sub-frame period,
the display control section sets L1 and L2 so as to fulfill the relationship of L1 ≥ L2.

[0120] In one embodiment of the fifth aspect of the present invention, the display control section sets the threshold
level acting as reference for the gradation level of the image signal supplied in each sub-frame period, and also sets
the gradation level of the image signal supplied in each sub-frame period, such that the relationship between the
gradation level of the input image signal and the time-integrated values of luminance during one frame period exhibits
an appropriate gamma luminance characteristic.
[0121] In one embodiment of the fifth aspect of the present invention, the image display apparatus further comprises
a gamma luminance characteristic setting section for externally setting the gamma luminance characteristic, wherein:

the display control section is capable of changing the gamma luminance characteristic which is externally set by
the gamma luminance characteristic setting section.

[0122] In one embodiment of the fifth aspect of the present invention, the image display apparatus further comprises
a temperature detection section for detecting a temperature of a display panel or the vicinity thereof, wherein:

in accordance with the temperature detected by the temperature detection section, the display control section sets
the threshold level acting as reference for the gradation level of the image signal supplied in each sub-frame period,
and also sets the gradation level of the image signal supplied in each sub-frame period after being increased or
decreased in accordance with the gradation level of the input image signal.

[0123] In one embodiment of the fifth aspect of the present invention, where the input image signal has a plurality
of color components, the display control section sets the gradation level of the image signal supplied in each sub-frame
period, such that the ratio between the luminance level displayed in each sub-frame period of a color other than a color
having a highest gradation level of input image signal, is equal to the ratio between the luminance level displayed in
each sub-frame period of the color having the highest gradation level of input image signal.
[0124] In one embodiment of the fifth aspect of the present invention, the display control section includes:

a timing control section;
a line data memory section for receiving and temporarily storing one horizontal line of image signal;
a frame memory data selection section, controlled by the timing control section, to select data transfer from the
data line memory section to a frame data memory section or data output of data which was input one frame before
and is read from the frame data memory section;
a first gradation conversion section for converting the gradation level of the image signal from the line data memory
section to the relatively largest level or a gradation level greater than a prescribed value or to a gradation level
which is increased or decreased by the gradation level of the input image signal;
a second gradation conversion section for converting the gradation level of the image signal from the frame memory
data selection section to the relatively smallest level or a gradation level lower than the prescribed value or to a
gradation level which is increased or decreased by the gradation level of the input image signal; and
an output data selection section, controlled by the timing control section, for selecting the image signal from the
first gradation conversion section or the image signal from the second gradation conversion section, and supplying
the selected image signal to the image display section.

[0125] In one embodiment of the fifth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level of greater than 90% where the relatively largest gradation level is 100%, and the
gradation level which is lower than the prescribed value is a gradation level lower than 10% where the relatively smallest
gradation level is 0%.
[0126] In one embodiment of the fifth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level corresponding to a luminance level greater than 90% where the relatively largest
luminance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 10% where the relatively smallest luminance level is 0%.
[0127] In one embodiment of the fifth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level greater than 98% where the relatively largest gradation level is 100%, and the
gradation level which is lower than the prescribed value is a gradation level lower than 2 % where the relatively smallest
gradation level is 0%.
[0128] In one embodiment of the fifth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level corresponding to a luminance level greater than 98% where the relatively largest
luminance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
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sponding to a luminance level lower than 2% where the relatively smallest luminance level is 0%.
[0129] In one embodiment of the fifth aspect of the present invention, the display control section performs display
control on each of a plurality of pixel portions on a display screen.
[0130] In one embodiment of this present invention, each pixel portion includes one pixel or a prescribed number of
pixels.
[0131] In one embodiment of the sixth aspect of the present invention, the sub-frame periods have an identical length
to each other or different lengths from each other.
[0132] In one embodiment of the sixth aspect of the present invention, when the gradation level of the input image
signal is greater than the threshold level T1 and equal to or less than the threshold level T2, the gradation level of the
image signal supplied in the sub-frame period α and the gradation level of the image signal supplied in the sub-frame
period β are set, such that the difference between the gradation levels is constant, or such that the difference between
the luminance level in the sub-frame period α and the luminance level in the sub-frame period β is constant.
[0133] In one embodiment of the sixth aspect of the present invention, the gradation level of the image signal allocated
in an earlier sub-frame period is half or less of the gradation level of the image signal allocated in a later sub-frame
period.
[0134] In one embodiment of the sixth aspect of the present invention, when the gradation level of the input image
signal is greater than the threshold level T1 and equal to or less than the threshold level T2, the gradation level of the
image signal supplied in the sub-frame period α and the gradation level of the image signal supplied in the sub-frame
period β are set, such that the relationship between the gradation levels is set by a function, or such that the relationship
between the luminance level in the sub-frame period a and the luminance level in the sub-frame period β is set by a
function.
[0135] In one embodiment of the sixth aspect of the present invention, when a response time of the image display
section to a decrease in the luminance level is shorter than a response time of the image display section to an increase
in the luminance level, the sub-frame period a is assigned to a second sub-frame period among the two sub-frame
periods; and

when the response time of the image display section to the decrease in the luminance level is longer than the
response time of the image display section to the increase in the luminance level, the sub-frame period a is assigned
to a first sub-frame period among the two sub-frame periods.
[0136] In one embodiment of the sixth aspect of the present invention, where a relatively largest luminance level of
the image display section is Lmax and a relatively smallest luminance level of the image display section is Lmin,

when a response time of the image display section to a luminance switch from the relatively largest luminance
level of Lmax to the relatively smallest luminance level of Lmin is shorter than a response time of the image display
section to a luminance switch from the relatively smallest luminance level of Lmin to the relatively largest luminance
level of Lmax, the sub-frame period α is assigned to a second sub-frame period among the two sub-frame periods; and

when the response time of the image display section to the luminance switch from the relatively largest luminance
level of Lmax to the relatively smallest luminance level of Lmin is longer than the response time of the image display
section to the luminance switch from the relatively smallest luminance level of Lmin to the relatively largest luminance
level of Lmax, the sub-frame period α is assigned to a first sub-frame period among the two sub-frame periods.
[0137] In one embodiment of the sixth aspect of the present invention, the display control section sets an upper limit
of the gradation level of the image signal supplied in each sub-frame period.
[0138] In one embodiment of the sixth aspect of the present invention, where an upper limit L1 is the gradation level
of the image signal supplied in one of the sub-frame periods and an upper limit L2 is the gradation level of the image
signal supplied in the other sub-frame period,

the display control section sets L1 and L2 so as to fulfill the relationship of L1 ≥ L2.
[0139] In one embodiment of the sixth aspect of the present invention, the display control section sets the threshold
level acting as a reference for the gradation level of the image signal supplied in each sub-frame period, and also sets
the gradation level of the image signal supplied in each sub-frame period, such that the relationship between the
gradation level of the input image signal and the time-integrated values of luminance during one frame period exhibits
an appropriate gamma luminance characteristic.
[0140] In one embodiment of this invention, the image display apparatus further comprises a gamma luminance
characteristic setting section for externally setting the gamma luminance characteristic, wherein:

the display control section is capable of changing the gamma luminance characteristic which is externally set by
the gamma luminance characteristic setting section.

[0141] In one embodiment of the sixth aspect of the present invention, the image display apparatus further comprises
a temperature detection section for detecting a temperature of a display panel or the vicinity thereof, wherein:



EP 1 536 407 A2

5

10

15

20

25

30

35

40

45

50

55

17

in accordance with the temperature detected by the temperature detection section, the display control section sets
the threshold level acting as a reference for the gradation level of the image signal supplied in each sub-frame
period, and also sets the gradation level of the image signal supplied in each sub-frame period after being increased
or decreased in accordance with the gradation level of the input image signal.

[0142] In one embodiment of the sixth aspect of the present invention, where the input image signal has a plurality
of color components, the display control section sets the gradation level of the image signal supplied in each sub-frame
period, such that the ratio between the luminance level displayed in each sub-frame period of a color other than a color
having a highest gradation level of input image signal, is equal to the ratio between the luminance level displayed in
each sub-frame period of the color having the highest gradation level of input image signal.
[0143] In one embodiment of the sixth aspect of the present invention, the display control section includes:

a timing control section;
a line data memory section for receiving and temporarily storing one horizontal line of image signal;
a frame memory data selection section, controlled by the timing control section, to select data transfer from the
data line memory section to a frame data memory section or data output of data which was input one frame before
and is read from the frame data memory section;
a first gradation conversion section for converting the gradation level of the image signal from the line data memory
section to the relatively largest level or a gradation level greater than a prescribed value or to a gradation level
which is increased or decreased by the gradation level of the input image signal;
a second gradation conversion section for converting the gradation level of the image signal from the frame memory
data selection section to the relatively smallest level or a gradation level lower than the prescribed value or to a
gradation level which is increased or decreased by the gradation level of the input image signal; and
an output data selection section, controlled by the timing control section, for selecting the image signal from the
first gradation conversion section or the image signal from the second gradation conversion section, and supplying
the selected image signal to the image display section.

[0144] In one embodiment of this invention, the display control section performs display control on each of a plurality
of pixel portions on a display screen.
[0145] In one embodiment of the sixth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level of greater than 90% where the relatively largest gradation level is 100%, and the
gradation level which is lower than the prescribed value is a gradation level lower than 10% where the relatively smallest
gradation level is 0%.
[0146] In one embodiment of this invention, the display control section performs display control on each of a plurality
of pixel portions on a display screen.
[0147] In one embodiment of the sixth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level corresponding to a luminance level greater than 90% where the relatively largest
luminance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 10% where the relatively smallest luminance level is 0%.
[0148] In one embodiment of the sixth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level greater than 98% where the relatively largest gradation level is 100%, and the
gradation level which is lower than the prescribed value is a gradation level lower than 2 % where the relatively smallest
gradation level is 0%.
[0149] In one embodiment of the sixth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level corresponding to a luminance level greater than 98% where the relatively largest
luminance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 2% where the relatively smallest luminance level is 0%.
[0150] In one embodiment of the sixth aspect of the present invention, the display control section performs display
control on each of a plurality of pixel portions on a display screen.
[0151] In one embodiment of this invention, each pixel portion includes one pixel or a prescribed number of pixels.
[0152] In one embodiment of the seventh aspect of the present invention, the sub-frame periods have an identical
length to each other or different lengths from each other.
[0153] In one embodiment of the seventh aspect of the present invention, when the gradation level of the input image
signal is greater than the threshold level T1 and equal to or less than the threshold level T2, the gradation level of the
image signal supplied in the sub-frame period α and the gradation level of the image signal supplied in the sub-frame
period β are set, such that the difference between the gradation levels is constant, or such that the difference between
the luminance level in the sub-frame period α and the luminance level in the sub-frame period β is constant.
[0154] In one embodiment of this invention, the gradation level of the image signal allocated in an earlier sub-frame
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period is half or less of the gradation level of the image signal allocated in a later sub-frame period.
[0155] In one embodiment of the seventh aspect of the present invention, when the gradation level of the input image
signal is greater than the threshold level T1 and equal to or less than the threshold level T2, the gradation level of the
image signal supplied in the sub-frame period a and the gradation level of the image signal supplied in the sub-frame
period β are set, such that the relationship between the gradation levels is set by a function, or such that the relationship
between the luminance level in the sub-frame period a and the luminance level in the sub-frame period β is set by a
function.
[0156] In one embodiment of the seventh aspect of the present invention, when a response time of the image display
section to a decrease in the luminance level is shorter than a response time of the image display section to an increase
in the luminance level, the sub-frame period α is assigned to a second sub-frame period among the two sub-frame
periods; and

when the response time of the image display section to the decrease in the luminance level is longer than the
response time of the image display section to the increase in the luminance level, the sub-frame period α is assigned
to a first sub-frame period among the two sub-frame periods.
[0157] In one embodiment of the seventh aspect of the present invention, where a relatively largest luminance level
of the image display section is Lmax and a relatively smallest luminance level of the image display section is Lmin.

when a response time of the image display section to a luminance switch from the relatively largest luminance
level of Lmax to the relatively smallest luminance level of Lmin is shorter than a response time of the image display
section to a luminance switch from the relatively smallest luminance level of Lmin to the relatively largest luminance
level of Lmax, the sub-frame period α is assigned to a second sub-frame period among the two sub-frame periods; and

when the response time of the image display section to the luminance switch from the relatively largest luminance
level of Lmax to the relatively smallest luminance level of Lmin is longer than the response time of the image display
section to the luminance switch from the relatively smallest luminance level of Lmin to the relatively largest luminance
level of Lmax, the sub-frame period α is assigned to a first sub-frame period among the two sub-frame periods.
[0158] In one embodiment of the seventh aspect of the present invention, the display control section sets an upper
limit of the gradation level of the image signal supplied in each sub-frame period.
[0159] In one embodiment of the seventh aspect of the present invention, where an upper limit L1 is the gradation
level of the image signal supplied in one of the sub-frame periods and an upper limit L2 is the gradation level of the
image signal supplied in the other sub-frame period,

the display control section sets L1 and L2 so as to fulfill the relationship of L1 ≥ L2.
[0160] In one embodiment of the seventh aspect of the present invention, the display control section sets the threshold
level acting as reference for the gradation level of the image signal supplied in each sub-frame period, and also sets
the gradation level of the image signal supplied in each sub-frame period, such that the relationship between the
gradation level of the input image signal and the time-integrated values of luminance during one frame period exhibits
an appropriate gamma luminance characteristic.
[0161] In one embodiment of this invention, the image display apparatus further comprises a gamma luminance
characteristic setting section for externally setting the gamma luminance characteristic, wherein:

the display control section is capable of changing the gamma luminance characteristic which is externally set by
the gamma luminance characteristic setting section.

[0162] In one embodiment of the seventh aspect of the present invention, the image display apparatus further com-
prises a temperature detection section for detecting a temperature of a display panel or the vicinity thereof, wherein:

in accordance with the temperature detected by the temperature detection section, the display control section sets
the threshold level acting as reference for the gradation level of the image signal supplied in each sub-frame period,
and also sets the gradation level of the image signal supplied in each sub-frame period after being increased or
decreased in accordance with the gradation level of the input image signal.

[0163] In one embodiment of the seventh aspect of the present invention, where the input image signal has a plurality
of color components, the display control section sets the gradation level of the image signal supplied in each sub-frame
period, such that the ratio between the luminance level displayed in each sub-frame period of a color other than a color
having a highest gradation level of the input image signal, is equal to the ratio between the luminance level displayed
in each sub-frame period of the color having the highest gradation level of the input image signal.
[0164] In one embodiment of the seventh aspect of the present invention, the display control section includes:

a timing control section;
a line data memory section for receiving and temporarily storing one horizontal line of image signal;
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a frame memory data selection section, controlled by the timing control section, to select data transfer from the
data line memory section to a frame data memory section or data output of data which was input one frame before
and is read from the frame data memory section;
a first gradation conversion section for converting the gradation level of the image signal from the line data memory
section to the relatively largest level or a gradation level greater than a prescribed value or to a gradation level
which is increased or decreased by the gradation level of the input image signal;
a second gradation conversion section for converting the gradation level of the image signal from the frame memory
data selection section to the relatively smallest level or a gradation level lower than the prescribed value or to a
gradation level which is increased or decreased by the gradation level of the input image signal; and
an output data selection section, controlled by the timing control section, for selecting the image signal from the
first gradation conversion section or the image signal from the second gradation conversion section, and supplying
the selected image signal to the image display section.

[0165] In one embodiment of the seventh aspect of the present invention, the gradation level which is greater than
the prescribed value is a gradation level of greater than 90% where the relatively largest gradation level is 100%, and
the gradation level which is lower than the prescribed value is a gradation level lower than 10% where the relatively
smallest gradation level is 0%.
[0166] In one embodiment of the seventh aspect of the present invention, the gradation level which is greater than
the prescribed value is a gradation level corresponding to a luminance level greater than 90% where the relatively
largest luminance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level
corresponding to a luminance level lower than 10% where the relatively smallest luminance level is 0%.
[0167] In one embodiment of the seventh aspect of the present invention, the gradation level which is greater than
the prescribed value is a gradation level greater than 98% where the relatively largest gradation level is 100%, and
the gradation level which is lower than the prescribed value is a gradation level lower than 2% where the relatively
smallest gradation level is 0%.
[0168] In one embodiment of the seventh aspect of the present invention, the gradation level which is greater than
the prescribed value is a gradation level corresponding to a luminance level greater than 98% where the relatively
largest luminance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level
corresponding to a luminance level lower than 2% where the relatively smallest luminance level is 0%.
[0169] In one embodiment of the seventh aspect of the present invention, the display control section performs display
control on each of a plurality of pixel portions on a display screen.
[0170] In one embodiment of the seventh aspect of the present invention, each pixel portion includes one pixel or a
prescribed number of pixels.
[0171] In one embodiment of the eighth aspect of the present invention, the sub-frame periods have an identical
length to each other or different lengths from each other.
[0172] In one embodiment of the eighth aspect of the present invention, when a response time of the image display
section to a decrease in the luminance level is shorter than a response time of the image display section to an increase
in the luminance level, the sub-frame period α is assigned to a second sub-frame period among the two sub-frame
periods; and

when the response time of the image display section to the decrease in the luminance level is longer than the
response time of the image display section to the increase in the luminance level, the sub-frame period α is assigned
to a first sub-frame period among the two sub-frame periods.
[0173] In one embodiment of the eighth aspect of the present invention, where a relatively largest luminance level
of the image display section is Lmax and a relatively smallest luminance level of the image display section is Lmin,

when a response time of the image display section to a luminance switch from the relatively largest luminance
level of Lmax to the relatively smallest luminance level of Lmin is shorter than a response time of the image display
section to a luminance switch from the relatively smallest luminance level of Lmin to the relatively largest luminance
level of Lmax, the sub-frame period α is assigned to a second sub-frame period among the two sub-frame periods; and

when the response time of the image display section to the luminance switch from the relatively largest luminance
level of Lmax to the relatively smallest luminance level of Lmin is longer than the response time of the image display
section to the luminance switch from the relatively smallest luminance level of Lmin to the relatively largest luminance
level of Lmax, the sub-frame period α is assigned to a first sub-frame period among the two sub-frame periods.
[0174] In one embodiment of the eighth aspect of the present invention, the display control section sets an upper
limit of the gradation level of the image signal supplied in each sub-frame period.
[0175] In one embodiment of the eighth aspect of the present invention, where an upper limit L1 is the gradation
level of the image signal supplied in one of the sub-frame periods and an upper limit L2 is the gradation level of the
image signal supplied in the other sub-frame period,

the display control section sets L1 and L2 so as to fulfill the relationship of L1 ≥ L2.
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[0176] In one embodiment of the eighth aspect of the present invention, the display control section sets the threshold
level acting as reference for the gradation level of the image signal supplied in each sub-frame period, and also sets
the gradation level of the image signal supplied in each sub-frame period, such that the relationship between the
gradation level of the input image signal and the time-integrated values of luminance during one frame period exhibit
an appropriate gamma luminance characteristic.
[0177] In one embodiment of the eighth aspect of the present invention, the image display apparatus further com-
prises a gamma luminance characteristic setting section for externally setting the gamma luminance characteristic,
wherein:

the display control section is capable of changing the gamma luminance characteristic which is externally set by
the gamma luminance characteristic setting section.

[0178] In one embodiment of the eighth aspect of the present invention, the image display apparatus further com-
prises a temperature detection section for detecting a temperature of a display panel or the vicinity thereof, wherein:

in accordance with the temperature detected by the temperature detection section, the display control section sets
the threshold level acting as reference for the gradation level of the image signal supplied in each sub-frame period,
and also sets the gradation level of the image signal supplied in each sub-frame period after being increased or
decreased in accordance with the gradation level of the input image signal.

[0179] In one embodiment of the eighth aspect of the present invention, where the input image signal has a plurality
of color components, the display control section sets the gradation level of the image signal supplied in each sub-frame
period, such that the ratio between the luminance level displayed in each sub-frame period of a color other than a color
having a highest gradation level of input image signal, is equal to the ratio between the luminance level displayed in
each sub-frame period of the color having the highest gradation level of input image signal.
[0180] In one embodiment of the eighth aspect of the present invention, the display control section includes:

a timing control section;
a line data memory section for receiving and temporarily storing one horizontal line of image signal;
a frame memory data selection section, controlled by the timing control section, to select data transfer from the
data line memory section to a frame data memory section or data output of data which was input one frame before
and is read from the frame data memory section;
a first gradation conversion section for converting the gradation level of the image signal from the line data memory
section to the relatively largest level or a gradation level greater than a prescribed value or to a gradation level
which is increased or decreased by the gradation level of the input image signal;
a second gradation conversion section for converting the gradation level of the image signal from the frame memory
data selection section to the relatively smallest level or a gradation level lower than the prescribed value or to a
gradation level which is increased or decreased by the gradation level of the input image signal; and
an output data selection section, controlled by the timing control section, for selecting the image signal from the
first gradation conversion section or the image signal from the second gradation conversion section, and supplying
the selected image signal to the image display section.

[0181] In one embodiment of the eighth aspect of the present invention, the display control section includes:

a timing control section;
a line data memory section for receiving and temporarily storing one horizontal line of image signal;
a first multiple line data memory section and a second multiple line data memory section for temporarily storing a
plurality of horizontal lines of image signals;
a frame memory data selection section, controlled by the timing control section, to select (i) transferring data from
the line data memory section to a frame data memory section, or (ii) transferring data which was input one frame
before and is read from the frame data memory section to the first multiple line data memory section and transferring
data which was input two frames before and is read from the frame data memory section to the second multiple
line data memory section;
an intermediate image generation section for estimating and generating an image in an intermediate state in terms
of time between the image signal from the first multiple line data memory section and the image signal from the
second multiple line data memory section;
a temporary memory data selection section, controlled by the timing control section, to select the image signal
from the first multiple line data memory section or the image signal from the second multiple line data memory
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section;
a first gradation conversion section for converting the gradation level of the image signal from the temporary mem-
ory data selection section to the relatively largest level or a gradation level greater than aprescribedvalue or to a
gradation levelwhich is increased or decreased by the gradation level of the input image signal;
a second gradation conversion section for converting the gradation level of the image signal from the intermediate
image generation section to the relatively smallest level or a gradation level lower than the prescribed value or to
a gradation level which is increased or decreased by the gradation level of the input image signal; and
an output data selection section, controlled by the timing Control section, for selecting the image signal from the
first gradation conversion section or the image signal from the second gradation conversion section, and supplying
the selected image signal to the image display section.

[0182] In one embodiment of the eighth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level of greater than 90% where the relatively largest gradation level is 100%, and the
gradation level which is lower than the prescribed value is a gradation level lower than 10% where the relatively smallest
gradation level is 0%.
[0183] In one embodiment of the eighth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level corresponding to a luminance level greater than 90% where the relatively largest
luminance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 10% where the relatively smallest luminance level is 0%.
[0184] In one embodiment of the eighth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level greater than 98% where the relatively largest gradation level is 100%, and the
gradation level which is lower than the prescribed value is a gradation level lower than 2% where the relatively smallest
gradation level is 0%.
[0185] In one embodiment of the eighth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level corresponding to a luminance level greater than 98% where the relatively largest
luminance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 2% where the relatively smallest luminance level is 0%.
[0186] In one embodiment of the eighth aspect of the present invention, the display control section performs display
control on each of a plurality of pixel portions on a display screen.
[0187] In one embodiment of this invention, each pixel portion includes one pixel or a prescribed number of pixels.
[0188] In one embodiment of the ninth aspect of the present invention, the sub-frame periods have an identical length
to each other or different lengths from each other.
[0189] In one embodiment of the ninth aspect of the present invention, when a response time of the image display
section to a decrease in the luminance level is shorter than a response time of the image display section to an increase
in the luminance level, the sub-frame period α is assigned to a second sub-frame period among the two sub-frame
periods; and

when the response time of the image display section to the decrease in the luminance level is longer than the
response time of the image display section to the increase in the luminance level, the sub-frame period α is assigned
to a first sub-frame period among the two sub-frame periods.
[0190] In one embodiment of the ninth aspect of the present invention, where a relatively largest luminance level of
the image display section is Lmax and a relatively smallest luminance level of the image display section is Lmin,

when a response time of the image display section to a luminance switch from the relatively largest luminance
level of Lmax to the relatively smallest luminance level of Lmin is shorter than a response time of the image display
section to a luminance switch from the relatively smallest luminance level of Lmin to the relatively largest luminance
level of Lmax, the sub-frame period α is assigned to a second sub-frame period among the two sub-frame periods; and

when the response time of the image display section to the luminance switch from the relatively largest luminance
level of Lmax to the relatively smallest luminance level of Lmin is longer than the response time of the image display
section to the luminance switch from the relatively smallest luminance level of Lmin to the relatively largest luminance
level of Lmax, the sub-frame period α is assigned to a first sub-frame period among the two sub-frame periods.
[0191] In one embodiment of the ninth aspect of the present invention, the display control section sets an upper limit
of the gradation level of the image signal supplied in each sub-frame period.
[0192] In one embodiment of the ninth aspect of the present invention, where an upper limit L1 is the gradation level
of the image signal supplied in one of the sub-frame periods and an upper limit L2 is the gradation level of the image
signal supplied in the other sub-frame period,

the display control section sets L1 and L2 so as to fulfill the relationship of L1 ≥ L2.
[0193] In one embodiment of the ninth aspect of the present invention, the display control section sets the threshold
level acting as reference for the gradation level of the image signal supplied in each sub-frame period, and also sets
the gradation level of the image signal supplied in each sub-frame period, such that the relationship between the
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gradation level of the input image signal and the time-integrated values of luminance during one frame period exhibits
an appropriate gamma luminance characteristic.
[0194] In one embodiment of this invention, the image display apparatus further comprises a gamma luminance
characteristic setting section for externally setting the gamma luminance characteristic, wherein:

the display control section is capable of changing the gamma luminance characteristic which is externally set by
the gamma luminance characteristic setting section.

[0195] In one embodiment of the ninth aspect of the present invention, the image display apparatus further comprises
a temperature detection section for detecting a temperature of a display panel or the vicinity thereof, wherein:

in accordance with the temperature detected by the temperature detection section, the display control section sets
the threshold level acting as reference for the gradation level of the image signal supplied in each sub-frame period,
and also sets the gradation level of the image signal supplied in each sub-frame period after being increased or
decreased in accordance with the gradation level of the input image signal.

[0196] In one embodiment of the ninth aspect of the present invention, where the input image signal has a plurality
of color components, the display control section sets the gradation level of the image signal supplied in each sub-frame
period, such that the ratio between the luminance level displayed in each sub-frame period of a color other than a color
having a highest gradation level of the input image signal, is equal to the ratio between the luminance level displayed
in each sub-frame period of the color having the highest gradation level of the input image signal.
[0197] In one embodiment of the ninth aspect of the present invention, the display control section includes:

a timing control section;
a line data memory section for receiving and temporarily storing one horizontal line of image signal;
a frame memory data selection section, controlled by the timing control section, to select data transfer from the
data line memory section to a frame data memory section or data output of data which was input one frame before
and is read from the frame data memory section;
a first gradation conversion section for converting the gradation level of the image signal from the line data memory
section to the relatively largest level or a gradation level greater than a prescribed value or to a gradation level
which is increased or decreased by the gradation level of the input image signal;
a second gradation conversion section for converting the gradation level of the image signal from the frame memory
data selection section to the relatively smallest level or a gradation level lower than the prescribed value or to a
gradation level which is increased or decreased by the gradation level of the input image signal; and
an output data selection section, controlled by the timing control section, for selecting the image signal from the
first gradation conversion section or the image signal from the second gradation conversion section, and supplying
the selected image signal to the image display section.

[0198] In one embodiment of the ninth aspect of the present invention, the display control section includes:

a timing control section;
a line data memory section for receiving and temporarily storing one horizontal line of image signal;
a first multiple line data memory section and a second multiple line data memory section for temporarily storing a
plurality of horizontal lines of image signals;
a frame memory data selection section, controlled by the timing control section, to select (i) transferring data from
the line data memory section to a frame data memory section, or (ii) transferring data which was input one frame
before and is read from the frame data memory section to the first multiple line data memory section and transferring
data which was input two frames before and is read from the frame data memory section to the second multiple
line data memory section;
a gradation level averaging section for calculating an average value of the gradation level of the image signal from
the first multiple line data memory section and the gradation level of the image signal from the second multiple
line datamemory section, and supplying the average value to the second gradation conversion section;
a temporary memory data selection section, controlled by the timing control section, to select the image signal
from the first multiple line data memory section or the image signal from the second multiple line data memory
section;
a first gradation conversion section for converting the gradation level of the image signal from the temporary mem-
ory data selection section to the relatively largest level or a gradation level greater than a prescribed value or to
a gradation level which is increased or decreased by the gradation level of the input image signal;
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a second gradation conversion section for converting the gradation level of the image signal from the gradation
level averaging section to the relatively smallest level or a gradation level lower than the prescribed value or to a
gradation level which is increased or decreased by the gradation level of the input image signal; and
an output data selection section, controlled by the timing control section, for selecting the image signal from the
first gradation conversion section or the image signal from the second gradation conversion section, and supplying
the selected image signal to the image display section.

[0199] In one embodiment of the ninth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level of greater than 90% where the relatively largest gradation level is 100%, and the
gradation level which is lower than the prescribed value is a gradation level lower than 10% where the relatively smallest
gradation level is 0%.
[0200] In one embodiment of the ninth aspect of the present Invention, the gradation level which is greater than the
prescribed value is a gradation level corresponding to a luminance level greater than 90% where the relatively largest
luminance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 10% where the relatively smallest luminance level is 0%.
[0201] In one embodiment of the ninth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level greater than 98% where the relatively largest gradation level is 100%, and the
gradation level which is lower than the prescribed value is a gradation level lower than 2% where the relatively smallest
gradation level is 0%.
[0202] In one embodiment of the ninth aspect of the present invention, the gradation level which is greater than the
prescribed value is a gradation level corresponding to a luminance level greater than 98% where the relatively largest
luminance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 2% where the relatively smallest luminance level is 0%.
[0203] In one embodiment of the ninth aspect of the present invention, the display control section performs display
control on each of a plurality of pixel portions on a display screen.
[0204] In one embodiment of this invention, each pixel portion includes one pixel or a prescribed number of pixels.
[0205] According to a tenth aspect of the present invention, an electronic apparatus is provided for performing image
display on a display screen of an image display section of an image display apparatus according to the first aspect of
the present invention.
[0206] According to an eleventh aspect of the present invention, a liquid crystal TV is provided, comprising:

an image display apparatus according to the first aspect of the present invention; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
image display apparatus.

[0207] According to a twelfth aspect of the present invention, a liquid crystal monitoring apparatus is provided, com-
prising:

an image display apparatus according to the first aspect of the present invention; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the image display apparatus.

[0208] According to a thirteenth aspect of the present invention, an image display method is provided for performing
one frame of image display by a sum of time-integrated values of luminance displayed in an image display section in
n sub-frame periods, where n is an integer of 2 or greater. The method comprises the following steps:

in a relatively central sub-frame period which is at a time-wise center, or closest to the time-wise center of, one
frame period for image display, the step of supplying, to the image display section, an image signal of a relatively
largest gradation level within the range in which a sum of time-integrated value of luminance in the n sub-frame
periods does not exceed the luminance level corresponding to the gradation level of an input image signal;
when the sum of time-integrated values of luminance in the relatively central sub-frame period does not reach the
luminance level corresponding to the gradation level of the input image signal, the step of supplying, to the image
display section, an image signal of the relatively largest gradation level within the range in which the sum of time-
integrated values of luminance in the n sub-frame periods does not exceed the luminance level corresponding to
the gradation level of the input image signal, in each of a preceding sub-frame period before the relatively central
sub-frame period and a subsequent sub-frame period after the relatively central sub-frame period;
when the sum of time-integrated values of luminance in the relatively central sub-frame period, the preceding sub-
frame period and the subsequent sub-frame period still do not reach the luminance level corresponding to the
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gradation level of the input image signal, the step of supplying, to the image display section, an image signal of
the relatively largest gradation level within the range in which the sum of time-integrated values of luminance in
the n sub-frame periods does not exceed the luminance level corresponding to the gradation level of the input
image signal, in each of a sub-frame period before the preceding sub-frame period and a sub-frame period after
the subsequent sub-frame period;
the step of repeating the operation until the sum of time-integratedvalues of luminance in all the sub-frame periods
in which the image signals have been supplied reaches the luminance level corresponding to the gradation level
of the input image signal; and
when the sum reaches the luminance level corresponding to the gradation level of the input image signal, the step
of supplying, to the image display section, an image signal of a relatively smallest gradation level or an image
signal of a gradation level lower than a prescribed value in the remaining sub-frame periods.

[0209] According to a fourteenth aspect of the present invention, an image display method is provided for performing
one frame of image display by a sum of time-integrated values of luminance displayed in an image display section in
n sub-frame periods, where n is an odd number of 3 or greater, wherein:

the sub-frame periods are referred to as a first sub-frame period, a second sub-frame period, ... the n'th sub-frame
period from the sub-frame period which is earliest in terms of time or from the sub-frame period which is latest in
terms of time; and the sub-frame period which is at a time-wise center of one frame period for image display is
referred to as the m'th sub-frame period, where m = (n + 1)/2; and
(n + 1) / 2-number of threshold levels are provided for the gradation level of an input image signal, and the threshold
levels are referred to as T1, T2, ... T[(n + 1)/2] from the smallest threshold level;

the method comprising the following steps:

when the gradation level of the input image signal is equal to or less than T1, the step of supplying, to the image
display section, an image signal of a gradation level which is increased or decreased in accordance with the
gradation level of the input image signal in the m'th sub-frame period, and an image signal of a relatively smallest
gradation level or an image signal lower than a prescribed value in the other sub-frame periods;
when the gradation level of the input image signal is greater than T1 and equal to or less than T2, the step of
supplying, to the image display section, an image signal of a relatively largest gradation level or an image signal
of a gradation level greater than the prescribed value in the m'th sub-frame period, an image signal of a gradation
level which is increased or decreased in accordance with the gradation level of the input image signal in each of
the (m-1)'th sub-frame period and the (m+1)'th sub-frame period, and an image signal of the relatively smallest
gradation level or an image signal of a gradation level lower then the prescribed value in the other sub-frame
periods;
when the gradation level of the input image signal is greater than T2 and equal to or less than T3, the step of
supplying, to the image display section, an image signal of the relatively largest gradation level or an image signal
of a gradation level greater than the prescribed value in each of them' th sub-frame period, the (m-1)'th sub-frame
period and the (m+1)'th sub-frame period, an image signal of a gradation level which is increased or decreased
in accordance with the gradation level of the input image signal in each of the (m-2)'th sub-frame period and the
(m+2)'th sub-frame period, and an image signal of the relatively smallest gradation level or an image signal of a
gradation level lower than the prescribed value in the other sub-frame periods; and in this manner,
when the gradation level of the input image signal is greater than Tx-1, wherein x is an integer of 4 or greater, and
equal to or less than Tx, the step of supplying, to the image display section, an image signal of the relatively largest
gradation level or an image of a gradation level greater than the prescribed value in each of the [m-(x-2)]'th sub-
frame period through the [m+(x-2)]'th sub-frame period, an image signal of a gradation level which is increased or
decreased in accordance with the gradation level of the input image signal in each of the [m-(x-1)]'th sub-frame
period through the [m+(x-1)]'th sub-frame period, and an image signal of the relatively smallest gradation level or
an image signal of a gradation level lower than the prescribed value in the other sub-frame periods.

[0210] According to a fifteenth aspect of the present invention, an image display method for performing one frame
of image display by a sum of time-integrated values of luminance displayed in an image display section in n sub-frame
periods, where n is an even number of 2 or greater, wherein:

the sub-frame periods are referred to as a first sub-frame period, a second sub-frame period, ... the n'th sub-frame
period from the sub-frame period which is earliest in terms of time or from the sub-frame period which is latest in
terms of time; and two sub-frame periods which are closest to a time-wise center of one frame period for image
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display are referred to as the m1st sub-frame period and the m2nd sub-frame period, where m1 = n/2 and m2 =
n/2 + 1; and
n/2-number of threshold levels are provided for the gradation level of an input image signal, and the threshold
levels are referred to as T1, T2, ... T[n/2] from the smallest threshold level;

the method comprising the following steps:

when the gradation level of the input image signal is equal to or less than T1, the step of supplying, to the image
display section, an image signal of a gradation level which is increased or decreased in accordance with the
gradation level of the input image signal in each of the m1st sub-frame periods and the m2nd sub-frame periods,
and an image signal of a relatively smallest gradation level or an image signal of a gradation level lower than a
prescribed value in the other sub-frame periods;
when the gradation level of the input image signal is greater than T1 and equal to or less than T2, the step of
supplying, to the image display section, an image signal of a relatively largest gradation level or an image signal
of a gradation level greater than the prescribed value in each of the m1st sub-frame period and the m2nd sub-
frame period, an image signal of a gradation level which is increased or decreased in accordance with the gradation
level of the input image signal in each of the (m1-1)'th sub-frame periods and the (m2+1)'th sub-frame periods,
and an image signal of the relatively smallest gradation level or an image signal of a gradation level lower than
the prescribed value in the other sub-frame periods;
when the gradation level of the input image signal is greater than T2 and equal to or less than T3, the step of
supplying, to the image display section, an image signal of the relatively largest gradation level or an image signal
of a gradation level greater than the prescribed value in each of the m1st sub-frame period, the m2nd sub-frame
period, the (m1-1)'th sub-frame period and the (m2+1)'th sub-frame period, an image signal of a gradation level
which is increased or decreased in accordance with the gradation level of the input image signal in each of the
(m1-2)'th sub-frame periods and the (m2+2)'th sub-frame periods, and an image signal of the relatively smallest
gradation level or an image signal of a gradation level lower than the prescribed value in the other sub-frame
periods; and in this manner,
when the gradation level of the input image signal is greater than Tx-1, wherein x is an integer of 4 or greater, and
equal to or less than Tx, the step of supplying, to the image display section, an image signal of the relatively largest
gradation level or an image signal of a gradation level greater than the prescribed value in each of the [m1-(x-2)]
'th sub-frame periods through the [m2+(x-2)]'th sub-frame period, an image signal of a gradation level which is
increased or decreased in accordance with the gradation level of the input image signal in each of the [m1-(x-1)]
'th sub-frame periods through the [m2+(x-1)]'th sub-frame period, and an image signal of the relatively smallest
gradation level or an image signal of a gradation level lower than the prescribed value in the other sub-frame
periods.

[0211] According to a sixteenth aspect of the present invention, an image display method is provided for performing
one frame of image display by a sum of time-integrated values of luminance displayed in an image display section in
two sub-frame periods,

wherein one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period is
referred to as a sub-frame period β;

the method comprising the following steps:

when the gradation level of an input image signal is equal to or less than a threshold level uniquely determined,
the step of supplying, to the image display section, an image signal of a gradation level which is increased or
decreased by the gradation level of the input image signal in the sub-frame period α, and an image signal of a
relatively smallest gradation level or an image signal of a gradation level lower than a prescribed value in the sub-
frame period β; and
when the gradation level of the input image signal is greater than the threshold level, the step of supplying, to the
image display section, an image signal of a relatively largest gradation level or an image signal of a gradation level
greater than the prescribed value in the sub-frame period α; and an image signal of a gradation level which is
increased or decreased by the gradation level of the input image signal in the sub-frame period β.

[0212] According to a seventeenth aspect of the present invention, an image display method is provided for perform-
ing one frame of image display by a sum of time-integrated values of luminance displayed in an image display section
in two sub-frame periods,

wherein one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period is
referred to as a sub-frame period β; and threshold levels, T1 and T2, of the gradation levels in the two sub-frame
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periods are defined, and the threshold level T2 is greater than the threshold level T1;
the method comprising the following steps:

when the gradation level of an input image signal is equal to or less than the threshold level T1, the step of supplying,
to the image display section, an image signal of a gradation level which is increased or decreased in accordance
with the gradation level of the input image signal in the sub-frame period α, and an image signal of a relatively
smallest gradation level or an image signal of a gradation level lower than a prescribed value in the sub-frame
period β;
when the gradation level of the input image signal is greater than the threshold level T1 and equal to or less than
the threshold level T2, the step of supplying, to the image display section, an image signal of a gradation level
which is increased or decreased in accordance with the gradation level of the input image signal in the sub-frame
period α, and an image signal of a gradation level which is lower than the gradation level supplied in the sub-frame
period α and which is increased or decreased in accordance with the gradation level of the input image signal in
the sub-frame period β; and
when the gradation level of the input image signal is greater than the threshold level T2, the step of supplying, to
the image display section, an image signal of a relatively largest gradation level or an image signal of a gradation
level which is greater than the prescribed value in the sub-frame period α, and an image signal of a gradation level
which is increased or decreased in accordance with the gradation level of the input image signal in the sub-frame
period β.

[0213] According to an eighteenth aspect of the present invention, an image display method is provided for performing
one frame of image display by a sum of time-integrated values of luminance displayed in an image display section in
two sub-frame periods,

wherein one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period is
referred to as a sub-frame period β; threshold levels, T1 and T2, of the gradation levels in the two sub-frame periods
are defined, and the threshold level T2 is greater than the threshold level T1; and a gradation level L is uniquely
determined;

the method comprising the following steps:

when the gradation level of an input image signal is equal to or less than the threshold level T1, the step of supplying,
to the image display section, an image signal of a gradation level which is increased or decreased in accordance
with the gradation level of the input image signal in the sub-frame period α, and an image signal of a relatively
smallest gradation level or an image signal of a gradation level lower than a prescribed level in the sub-frame
period β;
when the gradation level of the input image signal is greater than the threshold level T1 and equal to or less than
the threshold level T2, the step of supplying, to the image display section, an image signal of the gradation level
L in the sub-frame period α, and an image signal of a gradation level which is increased or decreased in accordance
with the gradation level of the input image signal in the sub-frame period β; and
when the gradation level of the input image signal is greater than the threshold level T2, the step of supplying, to
the image display section, an image signal of a gradation level which is increased or decreased in accordance
with the gradation level of the input image signal in the sub-frame period α, and an image signal of a relatively
largest gradation level or an image signal of a gradation level greater than the prescribed value in the sub-frame
period β.

[0214] According to a nineteenth aspect of the present invention, an image display method is provided for performing
one frame of image display by a sum of time-integrated values of luminance displayed in an image display section in
two sub-frame periods,

wherein one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period is
referred to as a sub-frame period β;

the method comprising the following steps:

generating an image in an intermediate state in terms of time through estimation based on two frames of images
continuously input;
in the sub-frame period α, when the gradation level of an input image signal is equal to or less than a threshold
level uniquely determined, the step of supplying, to the image display section, an image signal of a gradation level
which is increased or decreased in accordance with the gradation level of the input image signal; and when the
gradation level of the input image signal is greater than the threshold level, the step of supplying, to the image
display section, an image signal of a relatively largest gradation level or an image signal of a gradation level greater
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than a prescribed value; and
in the sub-frame period β, when the gradation level of the image signal in the intermediate state is equal to or less
than the threshold level, the step of supplying, to the image display section, an image signal of a relatively smallest
gradation level or an image signal of a gradation level lower than the prescribed value; and when the gradation
level of the image signal in the intermediate state is greater than the threshold level, the step of supplying, to the
image display section, an image signal of a gradation level which is increased or decreased in accordance with
the gradation level of the image signal in the intermediate state.

[0215] According to a twentieth aspect of the present invention, an image display method is provided for performing
one frame of image display by a sum of time-integrated values of luminance displayed in an image display section in
two sub-frame periods,

wherein one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period is
referred to as a sub-frame period β;

the method comprising the following steps:

in the sub-frame period α, when the gradation level of an input image signal is equal to or less than a threshold
level uniquely determined, the step of supplying, to the image display section, an image signal of a gradation level
which is increased or decreased in accordance with the gradation level of the input image signal; and when the
gradation level of the input image signal is greater than the threshold level, the step of supplying, to the image
display section, an image signal of a relatively largest gradation level or an image signal of a gradation level greater
than a prescribed value; and
in the sub-frame period β, when an average value of the gradation level of the image signal in the current frame
period and the gradation level of an image signal input one frame before or one frame after is equal to or less than
the threshold level, the step of supplying, to the image display section, an image signal of a relatively smallest
gradation level or an image signal of a gradation level lower than the prescribed value; and when the average
value is greater than the threshold level, the step of supplying, to the image display section, an image signal of a
gradation level which is increased or decreased in accordance with the average value.

[0216] According to a twenty first aspect of the present invention, a computer program is provided for allowing a
computer to execute an image display method according to the thirteenth aspect of the present invention.
[0217] According to a twenty second aspect of the present invention, a computer-readable recording medium having
a computer program according to the twenty first aspect of the present invention stored thereon.
[0218] According to a twenty third aspect of the present invention, a method of supplying, for display, an image of
an input image signal including at least a moving object portion and a background portion, wherein a frame period is
divided into a plurality of sub-frame periods including at least an α sub-frame period and a β sub-frame period, com-
prising:

supplying a gradation level of an input image signal to an image display section, wherein when both the moving
object portion and background portion are of a luminance level below 50% of a relatively largest luminance, then
a luminance level of a relatively smallest value is supplied in at least a β sub-frame period of the plurality of sub-
frame periods, and wherein, when both the moving object portion and background portion are of a luminance level
of at least 50% of relatively largest luminance, then a luminance level of a relatively largest value is supplied in at
least an α sub-frame period of the plurality of sub-frame periods.

[0219] In a first embodiment of the twenty third aspect of the present invention, the plurality of sub-frame periods is
two sub-frame periods.
[0220] According to a twenty fourth aspect of the present invention, a method of displaying is provided, including the
method of the twenty third, further comprising:

displaying the input image signal at the supplied gradation level.

[0221] According to a twenty fifth aspect of the present invention, a method of displaying including the method of the
first embodiment of the twenty third aspect of the present invention, further comprising:

displaying the input image signal at the supplied gradation level.

[0222] In one embodiment of the twenty fifth aspect of the present invention, when a response time of the image
display section to a decrease in the luminance level is relatively shorter than a response time of the image display
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section to an increase in the luminance level, the α sub-frame period is assigned to a second sub-frame period of the
two sub-frame periods; and

when the response time of the image display section to the decrease in the luminance level is longer than the
response time of the image display section to the increase in the luminance level, the sub-frame period α is assigned
to a first sub-frame period of the two sub-frame periods.
[0223] According to a twenty sixth aspect of the present invention, a device for performing the method of the twenty
fifth aspect of the present invention, wherein a response time of the image display section to a decrease in the luminance
level is relatively shorter than a response time of the image display section to an increase in the luminance level, and
the α sub-frame period is assigned to a second sub-frame period of the two sub-frame periods.
[0224] According to a twenty seventh aspect of the present invention, a device for performing the method of the
twenty fifth aspect of the present invention, wherein a response of the image display section to the decrease in the
luminance level is longer than the response time of the image display section to the increase in the luminance level,
and the sub-frame period α is assigned to a first sub-frame period of the two sub-frame periods.
[0225] According to a twenty eighth aspect of the present invention, a computer program for allowing a computer to
execute a method according to the twenty third aspect of the present invention.
[0226] According to a twenty ninth aspect of the present invention, a computer program for allowing a computer to
execute a method according to the first embodiment of the twenty third aspect of the present invention.
[0227] According to a thirtieth aspect of the present invention, a computer program for allowing a computer to execute
a method according to the twenty fourth aspect of the present invention.
[0228] According to a thirty first aspect of the present invention, a computer program for allowing a computer to
execute a method according to the twenty fifth aspect of the present invention.
[0229] According to a thirty second aspect of the present invention, a computer program for allowing a computer to
execute a method according to the embodiment of the twenty second of the present invention.
[0230] According to a thirty third aspect of the present invention, a computer-readable recording medium having a
computer program according to the twenty eighth aspect of the present invention.
[0231] According to a thirty fourth aspect of the present invention, a computer-readable recording medium having a
computer program according to the twenty ninth aspect of the present invention.
[0232] According to a thirty fifth aspect of the present invention, a computer-readable recording medium having a
computer program according to the thirtieth aspect of the present invention.
[0233] According to a thirty sixth aspect of the present invention, a computer-readable recording medium having a
computer program according to the thirty third aspect of the present invention.
[0234] According to a thirty seventh aspect of the present invention, a computer-readable recording medium having
a computer program according to the thirty second aspect of the present invention.
[0235] According to a thirty eighth aspect of the present invention, a method is provided for supplying, for display,
an image of an input image signal including at least a moving object portion and a background portion, wherein a frame
period is divided into a plurality of sub-frame periods, comprising:

supplying a gradation level of an input image signal to an image display section, wherein when a luminance level
of the moving object supplied in a first sub-frame period is of a luminance level relatively smaller than the luminance
level supplied in a second sub-frame period, then a luminance level of the background supplied in the first sub-
frame period is also of a luminance level relatively smaller than the luminance level supplied in the second sub-
frame period, and wherein when a luminance level of the moving object supplied in a first sub-frame period is of
a luminance level relatively larger than the luminance level supplied in a second sub-frame period, then a luminance
level of the background supplied in the first sub-frame period is also of a luminance level relatively larger than the
luminance level supplied in the second sub-frame period.

[0236] In one embodiment of the thirty eight aspect of the present invention, the plurality of sub-frame periods is two
sub-frame periods.
[0237] According to a thirty ninth aspect of the present invention, a method of displaying including the method of the
thirty eighth aspect of the present invention, further comprises:

displaying the input image signal at the supplied gradation level.

[0238] According to a fortieth aspect of the present invention, a method of displaying including the method of the
embodiment of the thirty eighth aspect of the present invention, further comprises:

displaying the input image signal at the supplied gradation level.
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[0239] According to a forty first aspect of the present invention, a computer program for allowing a computer to
execute a method according to the thirty eighth aspect of the present invention.
[0240] According to a forty second aspect of the present invention, a computer program for allowing a computer to
execute a method according to the embodiment of the thirty eighth aspect of the present invention.
[0241] According to a forty third aspect of the present invention, a computer program for allowing a computer to
execute a method according to the thirty ninth aspect of the present invention.
[0242] According to a forty fourth aspect of the present invention, a computer program for allowing a computer to
execute a method according to the forty aspect of the present invention.
[0243] According to a forty fifth aspect of the present invention, a computer program for allowing a computer to
execute a method according to the forty first aspect of the present invention.
[0244] According to a forty sixth aspect of the present invention, a computer program for allowing a computer to
execute a method according to the forty second aspect of the present invention.
[0245] According to a forty seventh aspect of the present invention, a computer program for allowing a computer to
execute a method according to the forty third aspect of the present invention.
[0246] According to a forty eighth aspect of the present invention, a computer program for allowing a computer to
execute a method according to the forty fourth aspect of the present invention.
[0247] According to a forty ninth aspect of the present invention, an apparatus is provided for displaying an image
of an input image signal including at least a moving object portion and a background portion, wherein a frame period
is divided into a plurality of sub-frame periods including at least an α sub-frame period and a β sub-frame period,
comprising:

means for supplying a gradation level of an input image signal; and
means for displaying the image signal at the supplied gradation, wherein when both the moving object portion and
background portion are of a luminance level below 50% of relatively largest luminance, then a luminance level of
a relatively smallest value is supplied in at least a β sub-frame period of the plurality of sub-frame periods, and
wherein, when both the moving object portion and background portion are of a luminance level of at least 50% of
relatively largest luminance, then a luminance level of a relatively largest value is supplied in at least an a sub-
frame period of the plurality of sub-frame periods.

[0248] In one embodiment of the forty ninth aspect of the present invention, the plurality of sub-frame periods is two
sub-frame periods.
[0249] In one embodiment of this invention, when a response time of the means for displaying to a decrease in the
luminance level is relatively shorter than a response time of the means for displaying to an increase in the luminance
level, the α sub-frame period is assigned to a second sub-frame period of the two sub-frame periods; and

when the response time of the means for displaying to the decrease in the luminance level is longer than the
response time of the means for displaying to the increase in the luminance level, the sub-frame period α is assigned
to a first sub-frame period of the two sub-frame periods.
[0250] In one embodiment of this invention, a response time of the means for displaying to a decrease in the lumi-
nance level is relatively shorter than a response time of the means for displaying to an increase in the luminance level,
and the α sub-frame period is assigned to a second sub-frame period of the two sub-frame periods.
[0251] In one embodiment of this invention, a response of the means for displaying to the decrease in the luminance
level is longer than the response time of the means for displaying to the increase in the luminance level, and the sub-
frame period α is assigned to a first sub-frame period of the two sub-frame periods.
[0252] According to a fiftieth aspect of the present invention, an apparatus is provided for displaying an image of an
input image signal including at least a moving object portion and a background portion, wherein a frame period is
divided into a plurality of sub-frame periods, comprising:

means for supplying a gradation level of an input image signal; and
means for displaying the input image signal at the supplied gradation, wherein when a luminance level of the
moving object supplied in a first sub-frame period is of a luminance level relatively smaller than the luminance
level supplied in a second sub-frame period, then a luminance level of the background supplied in the first sub-
frame period is also of a luminance level relatively smaller than the luminance level supplied in the second sub-
frame period, and wherein when a luminance level of the moving object supplied in a first sub-frame period is of
a luminance level relatively larger than the luminance level supplied in a second sub-frame period, then a luminance
level of the background supplied in the first sub-frame period is also of a luminance level relatively larger than the
luminance level supplied in the second sub-frame period.

[0253] In one embodiment of this invention, the plurality of sub-frame periods is two sub-frame periods.
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[0254] According to a fifty first aspect of the present invention, an apparatus for displaying an image of an input
image signal including at least a moving object portion and a background portion, wherein a frame period is divided
into a plurality of sub-frame periods including at least an α sub-frame period and a β sub-frame period, comprising:

a display control section, adapted to supply a gradation level of an input image signal; and
an image display section, adapted to display the image signal at the supplied gradation, wherein when both the
moving object portion and background portion are of a luminance level below 50% of relatively largest luminance,
then a luminance level of a relatively smallest value is supplied in at least a β sub-frame period of the plurality of
sub-frame periods, and wherein, when both the moving object portion and background portion are of a luminance
level of at least 50% of relatively largest luminance, then a luminance level of a relatively largest is supplied in at
least an α sub-frame period of the plurality of sub-frame periods.

[0255] In one embodiment of this invention, the plurality of sub-frame periods is two sub-frame periods.
[0256] In one embodiment of this invention, when a response time of the image display section to a decrease in the
luminance level is relatively shorter than a response time of the image display section to an increase in the luminance
level, the α sub-frame period is assigned to a second sub-frame period of the two sub-frame periods; and

when the response time of the image display section to the decrease in the luminance level is longer than the
response time of the image display section to the increase in the luminance level, the sub-frame period α is assigned
to a first sub-frame period of the two sub-frame periods.
[0257] In one embodiment of this invention, a response time of the image display section to a decrease in the lumi-
nance level is relatively shorter than a response time of the image display section to an increase in the luminance level,
and the α sub-frame period is assigned to a second sub-frame period of the two sub-frame periods.
[0258] In one embodiment of this invention, a response of the image display section to the decrease in the luminance
level is longer than the response time of the image display section to the increase in the luminance level, and the sub-
frame period α is assigned to a first sub-frame period of the two sub-frame periods.
[0259] According to a fifty second aspect of the present invention, an apparatus is provided for displaying an image
of an input image signal including at least a moving object portion and a background portion, wherein a frame period
is divided into a plurality of sub-frame periods, comprising:

a display control section, adapted to supply a gradation level of an input image signal; and
an image display section, adapted to display the input image signal at the supplied gradation, wherein when a
luminance level of the moving object supplied in a first sub-frame period is of a luminance level relatively smaller
than the luminance level supplied in a second sub-frame period, then a luminance level of the background supplied
in the first sub-frame period is also of a luminance level relatively smaller than the luminance level supplied in the
second sub-frame period, and wherein when a luminance level of the moving object supplied in a first sub-frame
period is of a luminance level relatively larger than the luminance level supplied in a second sub-frame period,
then a luminance level of the background supplied in the first sub-frame period is also of a luminance level relatively
larger than the luminance level supplied in the second sub-frame period.

[0260] In one embodiment of this invention, the plurality of sub-frame periods is two sub-frame periods.
[0261] According to a fifty third aspect of the present invention, a method of supplying, for display, an image of an
input image signal, wherein a frame period is divided into a plurality of sub-frames, comprising:

supplying a gradation level of an input image signal to an image display section, wherein a relatively largest lumi-
nance value is supplied in at least one relatively central of the plurality of sub-frames with relatively smallest lumi-
nance values being supplied in sub-frames relatively furthest from the relatively central of the plurality of sub-
frames.

[0262] In a first embodiment of this invention, when the gradation level is at least 50% of relatively largest luminance,
then a luminance level of a relatively largest luminance value is supplied to at least one relatively central sub-frame.
[0263] In a second embodiment of this invention, when the gradation level is less than 50% of the relatively largest
luminance level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from
the relatively central of the plurality of sub-frames.
[0264] In a third embodiment of this invention, when the gradation level is less than 50% of the relatively largest
luminance level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from
the relatively central of the plurality of sub-frames.
[0265] In fourth embodiment of this invention, when the plurality of sub-frames is odd in number, a relatively largest
luminance value is supplied in at least one central sub-frame, and when the plurality of sub-frames is even in number,
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a relatively largest luminance value is supplied in at least two relatively central sub-frames.
[0266] According to a fifty fourth aspect of the present invention, a method of displaying including the method of the
fifty third aspect of the present invention, further comprises:

displaying the input image signal at the supplied gradation level.

[0267] According to a fifty fifth aspect of the present invention, a computer program for allowing a computer to execute
a method according to the fifty third aspect of the present invention.
[0268] According to a fifty sixth aspect of the present invention, a computer program for allowing a computer to
execute a method according to the first embodiment of the fifty third aspect of the present invention.
[0269] According to a fifty seventh aspect of the present invention, a computer program for allowing a computer to
execute a method according to the second embodiment of the fifty third aspect of the present invention.
[0270] According to a fifty eighth aspect of the present invention, a computer program for allowing a computer to
execute a method according to the third embodiment of the fifty third aspect of the present invention.
[0271] According to a fifty ninth aspect of the present invention, a computer program for allowing a computer to
execute a method according to the fourth embodiment of the fifty third aspect of the present invention.
[0272] According to a sixty aspect of the present invention, a computer program for allowing a computer to execute
a method according to the fifty fourth aspect of the present invention.
[0273] According to a sixty first aspect of the present invention, a computer program for allowing a computer to
execute a method according to the fifty fifth aspect of the present invention.
[0274] According to a sixty second aspect of the present invention, a computer program for allowing a computer to
execute a method according to the fifty sixth aspect of the present invention.
[0275] According to a sixty third aspect of the present invention, a computer program for allowing a computer to
execute a method according to the fifty seventh aspect of the present invention.
[0276] According to a sixty fourth aspect of the present invention, a computer program for allowing a computer to
execute a method according to the fifty eighth aspect of the present invention.
[0277] According to a sixty fifth aspect of the present invention, a computer program for allowing a computer to
execute a method according to the fifty ninth aspect of the present invention.
[0278] According to a sixty sixth aspect of the present invention, a computer program for allowing a computer to
execute a method according to the sixty aspect of the present invention.
[0279] According to a sixty seventh aspect of the present invention, a method of supplying, for display, an image of
an input image signal, wherein a frame period is divided into a plurality of sub-frames, comprising:

supplying a gradation level of an input image signal to an image display section, wherein luminance values of the
gradation level are relatively lowered for sub-frames relatively outward from a relatively central of the plurality of
sub-frames.

[0280] In a first embodiment of this invention, when the gradation level is at least 50% of relatively largest luminance,
then a luminance level of a relatively largest luminance value is supplied to at least one relatively central of the plurality
of sub-frames.
[0281] In a second embodiment of this invention, when the gradation level is less than 50% of the relatively largest
luminance level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from
the relatively central of the plurality of sub-frames.
[0282] In a third embodiment of this invention, when the gradation level is less than 50% of the relatively largest
luminance level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from
the relatively central of the plurality of sub-frames.
[0283] In a fourth embodiment of this invention, when the plurality of sub-frames is odd in number, a relatively largest
luminance value is supplied in at least one central sub-frame, and when the plurality of sub-frames is even in number,
a relatively largest luminance value is supplied in at least two relatively central sub-frames.
[0284] According to a sixty eighth aspect of the present invention, a method of displaying including the method of
the sixty seventh aspect of the present invention, further comprising:

displaying the input image signal at the supplied gradation level.

[0285] According to a sixty ninth aspect of the present invention, a computer program for allowing a computer to
execute a method according to the sixty seventh aspect of the present invention.
[0286] According to a seventieth aspect of the present invention, a computer program for allowing a computer to
execute a method according to the first embodiment of the sixty seventh aspect of the present invention.
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[0287] According to a seventy first aspect of the present invention, a computer program for allowing a computer to
execute a method according to the second embodiment of the sixty seventh aspect of the present invention.
[0288] According to a seventy second aspect of the present invention, a computer program for allowing a computer
to execute a method according to the third embodiment of the sixty seventh aspect of the present invention.
[0289] According to a seventy third aspect of the present invention, a computer program for allowing a computer to
execute a method according to the fourth embodiment of the sixty seventh aspect of the present invention.
[0290] According to a seventy fourth aspect of the present invention, a computer program for allowing a computer
to execute a method according to the sixty eighth aspect of the present invention.
[0291] According to a seventy fifth aspect of the present invention, a computer program for allowing a computer to
execute a method according to the sixty ninth aspect of the present invention.
[0292] According to a seventy sixth aspect of the present invention, a computer program for allowing a computer to
execute a method according to the seventieth aspect of the present invention.
[0293] According to a seventy seventh aspect of the present invention, a computer program for allowing a computer
to execute a method according to the seventy first aspect of the present invention.
[0294] According to a seventy eighth aspect of the present invention, a computer program for allowing a computer
to execute a method according to the seventy second aspect of the present invention.
[0295] According to a seventy ninth aspect of the present invention, a computer program for allowing a computer to
execute a method according to the seventy third aspect of the present invention.
[0296] According to an eightieth aspect of the present invention, a computer program for allowing a computer to
execute a method according to the seventy fourth aspect of the present invention.
[0297] According to an eighty first aspect of the present invention, an apparatus is provided for displaying an image
of an input image signal, wherein a frame period is divided into a plurality of sub-frames, comprising:

means for supplying a gradation level of an input image signal; and
means for displaying the input image signal at a supplied gradation level, wherein a relatively largest luminance
value is supplied in at least one relatively central of the plurality of sub-frames with relatively smallest luminance
values being supplied in sub-frames relatively furthest from the relatively central of the plurality of sub-frames.

[0298] In a first embodiment of this invention, when the gradation level is at least 50% of relatively largest luminance,
then a luminance level of a relatively largest luminance value is supplied to at least one relatively central sub-frame.
[0299] In a second embodiment of this invention, when the gradation level is less than 50% of the relatively largest
luminance level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from
the relatively central of the plurality of sub-frames.
[0300] In a second embodiment of this invention, when the gradation level is less than 50% of the relatively largest
luminance level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from
the relatively central of the plurality of sub-frames.
[0301] In a third embodiment of this invention, when the plurality of sub-frames is odd in number, a relatively largest
luminance value is supplied in at least one central sub-frame, and when the plurality of sub-frames is even in number,
a relatively largest luminance value is supplied in at least two relatively central sub-frames.
[0302] According to an eighty second aspect of the present invention, an apparatus is provided for displaying an
image of an input image signal, wherein a frame period is divided into a plurality of sub-frames, comprising:

a display control section, adapted to supply a gradation level of an input image signal; and
an image display section, adapted to display the input image signal at a supplied gradation level, wherein a relatively
largest luminance value is supplied in at least one relatively central of the plurality of sub-frames with relatively
smallest luminance values being supplied in sub-frames relatively furthest from the relatively central of the plurality
of sub-frames.

[0303] In a first embodiment of this invention, when the gradation level is at least 50% of relatively largest luminance,
then a luminance level of a relatively largest luminance value is supplied to at least one relatively central sub-frame.
[0304] In a second embodiment of this invention, when the gradation level is less than 50% of the relatively largest
luminance level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from
the relatively central of the plurality of sub-frames.
[0305] In a third embodiment of this invention, when the gradation level is less than 50% of the relatively largest
luminance level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from
the relatively central of the plurality of sub-frames.
[0306] In a fourth embodiment of this invention, when the plurality of sub-frames is odd in number, a relatively largest
luminance value is supplied in at least one central sub-frame, and when the plurality of sub-frames is even in number,
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a relatively largest luminance value is supplied in at least two relatively central sub-frames.
[0307] According to an eighty third aspect of the present invention, an apparatus is provided for displaying an image
of an input image signal, wherein a frame period is divided into a plurality of sub-frames, comprising:

means for supplying a gradation level of an input image signal; and
means for displaying the input image signal at the supplied gradation level, wherein luminance values of the gra-
dation level are relatively lowered for sub-frames relatively outward from a relatively central of the plurality of sub-
frames.

[0308] In a first embodiment of this invention, when the gradation level is at least 50% of relatively largest luminance,
then a luminance level of a relatively largest luminance value is supplied to at least one relatively central of the plurality
of sub-frames.
[0309] In a second embodiment of this invention, when the gradation level is less than 50% of the relatively largest
luminance level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from
the relatively central of the plurality of sub-frames.
[0310] In a third embodiment of this invention, when the gradation level is less than 50% of the relatively largest
luminance level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from
the relatively central of the plurality of sub-frames.
[0311] In a fourth embodiment of this invention, when the plurality of sub-frames is odd in number, a relatively largest
luminance value is supplied in at least one central sub-frame, and when the plurality of sub-frames is even in number,
a relatively largest luminance value is supplied in at least two relatively central sub-frames.
[0312] According to an eighty fourth aspect of the present invention, an apparatus is provided for displaying an image
of an input image signal, wherein a frame period is divided into a plurality of sub-frame periods, comprising:

a display control section, adapted to supply a gradation level of an input image signal; and
an image display section, adapted to display the input image signal at the supplied gradation level, wherein lumi-
nance values of the gradation level are relatively lowered for sub-frames relatively outward from a relatively central
of the plurality of sub-frames.

[0313] In a first embodiment of this invention, when the gradation level is at least 50% of relatively largest luminance,
then a luminance level of a relatively largest luminance value is supplied to at least one relatively central of the plurality
of sub-frames.
[0314] In a second embodiment of this invention, when the gradation level is less than 50% of the relatively largest
luminance level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from
the relatively central of the plurality of sub-frames.
[0315] In a third embodiment of this invention, when the gradation level is less than 50% of the relatively largest
luminance level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from
the relatively central of the plurality of sub-frames.
[0316] In a fourth embodiment of this invention, when the plurality of sub-frames is odd in number, a relatively largest
luminance value is supplied in at least one central sub-frame, and when the plurality of sub-frames is even in number,
a relatively largest luminance value is supplied in at least two relatively central sub-frames.
[0317] According to an eighty fifth aspect of the present invention, a computer program is provided for allowing a
computer to execute an image display method according to the fourteenth aspect of the present invention.
[0318] According to an eighty sixth aspect of the present invention, a computer-readable recording medium having
a computer program according to the eighty fifth aspect of the present invention stored thereon.
[0319] According to an eighty seventh aspect of the present invention, a computer program for allowing a computer
to execute an image display method according to the fifteenth aspect of the present invention.
[0320] According to an eighty eighth aspect of the present invention, a computer-readable recording medium having
a computer program according to the eighty seventh aspect of the present invention stored thereon.
[0321] According to an eighty ninth aspect of the present invention, a computer program for allowing a computer to
execute an image display method according to the sixteenth aspect of the present invention.
[0322] According to a ninetieth aspect of the present invention, a computer-readable recording medium having a
computer program according to the eighty ninth aspect of the present invention stored thereon.
[0323] According to a ninety first aspect of the present invention, a computer program for allowing a computer to
execute an image display method according to the seventeenth aspect of the present invention.
[0324] According to a ninety second aspect of the present invention, a computer-readable recording medium having
a computer program according to the ninety first aspect of the present invention stored thereon.
[0325] According to a ninety third aspect of the present invention, a computer program for allowing a computer to
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execute an image display method according to the eighteenth aspect of the present invention.
[0326] According to a ninety fourth aspect of the present invention, a computer-readable recording medium having
a computer program according to the ninety third aspect of the present invention stored thereon.
[0327] According to a ninety fifth aspect of the present invention, a computer program for allowing a computer to
execute an image display method according to the nineteenth aspect of the present invention.
[0328] According to a ninety sixth aspect of the present invention, a computer-readable recording medium having a
computer program according to the ninety fifth aspect of the present invention stored thereon.
[0329] According to a ninety seventh aspect of the present invention, a computer program for allowing a computer
to execute an image display method according to the twentieth aspect of the present invention.
[0330] According to a ninety eighth aspect of the present invention, a computer-readable recording medium having
a computer program according to the ninety seventh aspect of the present invention stored thereon.
[0331] According to a ninety ninth aspect of the present invention, an electronic apparatus is provided for performing
image display on a display screen of an image display section of an image display apparatus according to the first
aspect of the present invention.
[0332] According to a hundredth aspect of the present invention, a liquid crystal TV is provided, comprising:

an image display apparatus according to the second aspect of the present invention; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
image display apparatus.

[0333] According to a hundred first aspect of the present invention, a liquid crystal monitoring apparatus is provided,
comprising:

an image display apparatus according to the second aspect of the present invention; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the image display apparatus.

[0334] According to a hundred second aspect of the present invention, an electronic apparatus for performing image
display on a display screen of an image display section of an image display apparatus according to the second aspect
of the present invention.
[0335] According to a hundred third aspect of the present invention, a liquid crystal TV is provided, comprising:

an image display apparatus according to the third aspect of the present invention; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
image display apparatus.

[0336] According to a hundred fourth aspect of the present invention, a liquid crystal monitoring apparatus is provided,
comprising:

an image display apparatus according to the third aspect of the present invention; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the image display apparatus.

[0337] According to a hundred fifth aspect of the present invention, an electronic apparatus for performing image
display on a display screen of an image display section of an image display apparatus according to the third aspect of
the present invention.
[0338] According to a hundred sixth aspect of the present invention, a liquid crystal TV is provided, comprising:

an image display apparatus according to the fourth aspect of the present invention; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
image display apparatus.

[0339] According to a hundred seventh aspect of the present invention, a liquid crystal monitoring apparatus, com-
prising:

an image display apparatus according to the fourth aspect of the present invention; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the image display apparatus.
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[0340] According to a hundred eighth aspect of the present invention, an electronic apparatus for performing image
display on a display screen of an image display section of an image display apparatus according to the fourth aspect
of the present invention.
[0341] According to a hundred ninth aspect of the present invention, a liquid crystal TV is provided, comprising:

an image display apparatus according to the fifth aspect of the present invention; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
image display apparatus.

[0342] According to a hundred tenth aspect of the present invention, a liquid crystal monitoring apparatus is provided,
comprising:

an image display apparatus according to the fifth aspect of the present invention; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the image display apparatus.

[0343] According to a hundred eleventh aspect of the present invention, an electronic apparatus is provided for
performing image display on a display screen of an image display section of an image display apparatus according to
the fifth aspect of the present invention.
[0344] According to a hundred twelfth aspect of the present invention, a liquid crystal TV is provided, comprising:

an image display apparatus according to the sixth aspect of the present invention; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
image display apparatus.

[0345] According to a hundred thirteenth aspect of the present invention, a liquid crystal monitoring apparatus, com-
prising:

an image display apparatus according to the sixth aspect of the present invention; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the image display apparatus.

[0346] According to a hundred fourteenth aspect of the present invention, an electronic apparatus for performing
image display on a display screen of an image display section of an image display apparatus according to the sixth
aspect of the present invention.
[0347] According to a hundred fifteenth aspect of the present invention, a liquid crystal TV, comprising:

an image display apparatus according to the seventh aspect of the present invention; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
image display apparatus.

[0348] According to a hundred sixteenth aspect of the present invention, a liquid crystal monitoring apparatus is
provided, comprising:

an image display apparatus according to the seventh aspect of the present invention; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the image display apparatus.

[0349] According to a hundred seventeenth aspect of the present invention, an electronic apparatus for performing
image display on a display screen of an image display section of an image display apparatus according to the seventh
aspect of the present invention.
[0350] According to a hundred eighteenth aspect of the present invention, a liquid crystal TV, comprising:

an image display apparatus according to the eighth aspect of the present invention; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
image display apparatus.

[0351] According to a hundred nineteenth aspect of the present invention, a liquid crystal monitoring apparatus,



EP 1 536 407 A2

5

10

15

20

25

30

35

40

45

50

55

36

comprising:

an image display apparatus according to the eighth aspect of the present invention; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the image display apparatus.

[0352] According to a hundred twentieth aspect of the present invention, an electronic apparatus for performing
image display on a display screen of an image display section of an image display apparatus according to the eighth
aspect of the present invention.
[0353] According to a hundred twenty first aspect of the present invention, a liquid crystal TV, comprising:

an image display apparatus according to the ninth aspect of the present invention; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
image display apparatus.

[0354] According to a hundred twenty second aspect of the present invention, a liquid crystal monitoring apparatus,
comprising:

an image display apparatus according to the ninth aspect of the present invention; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the image display apparatus.

[0355] According to a hundred twenty third aspect of the present invention, an electronic apparatus for performing
image display on a display screen of an image display section of an image display apparatus according to the ninth
aspect of the present invention.
[0356] According to a hundred twenty fourth aspect of the present invention, a liquid crystal TV is provided, com-
prising:

an apparatus for displaying according to the fifty first aspect of the present invention; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
apparatus for displaying.

[0357] According to a hundred twenty fifth aspect of the present invention, a liquid crystal monitoring apparatus,
comprising:

an apparatus for displaying according to the fifty first aspect of the present invention; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the apparatus for displaying.

[0358] According to a hundred twenty sixth aspect of the present invention, an electronic apparatus for performing
image display on a display screen of an image display section of an apparatus for displaying according to the fifty first
aspect of the present invention.
[0359] According to a hundred twenty seventh aspect of the present invention, a liquid crystal TV, comprising:

an apparatus for displaying according to the fifty second aspect of the present invention; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
apparatus for displaying.

[0360] According to a hundred twenty eighth aspect of the present invention, a liquid crystal monitoring apparatus,
comprising:

an apparatus for displaying according to the fifty second aspect of the present invention; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the apparatus for displaying.

[0361] According to a hundred twenty ninth aspect of the present invention, an electronic apparatus for performing
image display on a display screen of an image display section of an apparatus for displaying according to the fifty
second aspect of the present invention.
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[0362] According to a hundred thirtieth aspect of the present invention, a liquid crystal TV, comprising:

an apparatus for displaying according to the eighty second aspect of the present invention; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
apparatus for displaying.

[0363] According to a hundred thirty first aspect of the present invention, a liquid crystal monitoring apparatus, com-
prising:

an apparatus for displaying according to the eighty second aspect of the present invention; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the apparatus for displaying.

[0364] According to a hundred thirty second aspect of the present invention, an electronic apparatus for performing
image display on a display screen of an image display section of an apparatus for displaying according to the eighty
second aspect of the present invention.
[0365] According to a hundred thirty third aspect of the present invention, a liquid crystal TV, comprising:

an apparatus for displaying according to the eighty fourth aspect of the present invention; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
apparatus for displaying.

[0366] According to a hundred thirty fourth aspect of the present invention, a liquid crystal monitoring apparatus,
comprising:

an apparatus for displaying according to the eighty fourth aspect of the present invention; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the apparatus for displaying.

[0367] According to a hundred thirty fifth aspect of the present invention, an electronic apparatus for performing
image display on a display screen of an image display section of an apparatus for displaying according to the eight
fourth aspect of the present invention.
[0368] According to a hundred thirty sixth aspect of the present invention, a liquid crystal TV, comprising:

an apparatus for displaying according to the forty ninth aspect of the present invention; and
a tuner section for outputting a TV broadcast signal of a selected channel to the means for supplying of the appa-
ratus for displaying.

[0369] According to a hundred thirty seventh aspect of the present invention, a liquid crystal monitoring apparatus,
comprising:

an apparatus for displaying according to the forty ninth aspect of the present invention; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the means for supplying of the apparatus for displaying.

[0370] According to a hundred thirty eighth aspect of the present invention, an electronic apparatus for performing
image display on a display screen of the means for displaying of an apparatus for displaying according to the forty
ninth aspect of the present invention.
[0371] According to a hundred thirty ninth aspect of the present invention, a liquid crystal TV, comprising:

an apparatus for displaying according to the fiftieth aspect of the present invention; and
a tuner section for outputting a TV broadcast signal of a selected channel to the means for supplying of the appa-
ratus for displaying.

[0372] According to a hundred fortieth aspect of the present invention, a liquid crystal monitoring apparatus, com-
prising:

an apparatus for displaying according to the fiftieth aspect of the present invention; and
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a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the means for supplying of the apparatus for displaying.

[0373] According to a hundred forty first aspect of the present invention, an electronic apparatus for performing image
display on a display screen of the means for displaying of an apparatus for displaying according to the fiftieth aspect
of the present invention.
[0374] According to a hundred forty second aspect of the present invention, a liquid crystal TV, comprising:

an apparatus for displaying according to the eighty first aspect of the present invention; and
a tuner section for outputting a TV broadcast signal of a selected channel to the means for supplying of the appa-
ratus for displaying.

[0375] According to a hundred forty third aspect of the present invention, a liquid crystal monitoring apparatus, com-
prising:

an apparatus for displaying according to the eighty first aspect of the present invention; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the means for supplying of the apparatus for displaying.

[0376] According to a hundred forty fourth aspect of the present invention, an electronic apparatus for performing
image display on a display screen of the means for displaying of an apparatus for displaying according to the eighty
first aspect of the present invention.
[0377] According to a hundred forty fifth aspect of the present invention, a liquid crystal TV, comprising:

an apparatus for displaying according to the thirty third aspect of the present invention; and
a tuner section for outputting a TV broadcast signal of a selected channel to the means for supplying of the appa-
ratus for displaying.

[0378] According to a hundred forty sixth aspect of the present invention, a liquid crystal monitoring apparatus, com-
prising:

an apparatus for displaying according to the eighty third aspect of the present invention; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the means for supplying of the apparatus for displaying.

[0379] According to a hundred forty seventh aspect of the present invention, an electronic apparatus for performing
image display on a display screen of the means for displaying of an apparatus for displaying according to the eighty
third aspect of the present invention.
[0380] According to the apparatus, method and program of the present invention, when a luminance level of the
moving object supplied in a first sub-frame period is of a luminance level relatively smaller than the luminance level
supplied in a second sub-frame period, then a luminance level of the background supplied in the first sub-frame period
is also of a luminance level relatively smaller than the luminance level supplied in the second sub-frame period, and
when a luminance level of the moving object supplied in a first sub-frame period is of a luminance level relatively larger
than the luminance level supplied in a second sub-frame period, then a luminance level of the background supplied in
the first sub-frame period is also of a luminance level relatively larger than the luminance level supplied in the second
sub-frame period. Therefore, a reduction in image quality caused by due to the movement blur, which is the problem
with conventional, general hold-type image display apparatuses, can be suppressed. In addition, the deterioration in
the quality of moving images due to the movement blur, which is caused in general conventional hold-type image
display apparatuses, can be alleviated. Even when the display is performed at the maximum gradation level, the re-
duction in the maximum luminance and contrast, which occurs with the minimum (luminance) insertion system (with
which each one-frame period includes a minimum luminance period), can be suppressed.
[0381] Hereinafter, the function of the present invention provided by the above-described structure will be described.
[0382] According to the present invention, in a hold-type image display apparatus which sets a plurality of sub frame
periods in one frame period, the gradation level of each sub frame period is controlled such that: the time-wise center
of gravity of the display luminance does not move in accordance with the gradation level of the input image signal,
while the reduction in the maximum luminance or contrast is suppressed. Thus, the quality of moving images is pre-
vented from being lowered due to the movement blur.
[0383] For example, in the case where one frame of image display is performed by a sum of time-integrated values
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of luminance displayed in an image display section in n sub frame periods (where n is an integer of 2 or greater), the
maximum or a sufficiently high gradation level (a gradation level greater than a prescribed value) is supplied in the sub
frame period which is at the time-wise center, or closest to the time-wise center, of one frame period, in the range in
which the gradation level of the input image signal does not exceed the corresponding luminance level. When the
gradation level of the input image signal is reached, the minimum or a sufficiently low gradation level (a gradation level
lower than the prescribed value) is supplied to the remaining sub frame periods.
[0384] In the case where n is an odd number of 3 or greater, the maximum or a sufficiently high gradation level (a
gradation level greater than a prescribed value) is supplied in the sub frame period which is at the time-wise center
(the m' th sub frame period, where m = (n + 1)/2). A gradation level which is increased or decreased in accordance
with the gradation level of the input image signal is supplied in the sub frame periods before and after the central sub
frame period. The minimum or a sufficiently low gradation level (a gradation level lower than a prescribed value) is
supplied in the remaining sub frame periods. The gradation level to be supplied to each sub frame period is determined
by whether the gradation level of the input image signal is higher than the threshold level T.
[0385] In the case where n is an even number of 2 or greater, the maximum or a sufficiently high gradation level (a
gradation level greater than a prescribed value) is supplied in the sub frame periods which are at the time-wise center,
or closest to the time-wise center (the m1st sub frame period and the m2nd sub frame period, where ml = n/2 and m2
= n/2 + 1). A gradation level which is increased or decreased in accordance with the gradation level of the input image
signal is supplied in the sub frame periods before and after the central sub frame periods. The minimum or a sufficiently
low gradation level (a gradation level lower than a prescribed value) is supplied in the remaining sub frame periods.
The gradation level to be supplied to each sub frame period is determined by whether the gradation level of the input
image signal is higher than the threshold level T.
[0386] By such control, the time-wise center of gravity of the display luminance is fixed to the sub frame period which
is at the time-wise center, or closest to the time-wise center, of one frame period. Therefore, the problem with the
technology of, for example, Japanese Laid-Open Publication No. 2001-296841, i.e., the problem that a change in the
time-wise center of gravity of the display luminance in accordance with the gradation of the input image signal causes
the abnormal luminance or the color imbalance, which lowers the image quality, is suppressed. Since the display
luminance in one frame period appropriately changes, the deterioration in the quality of moving images due to the
movement blur, which is caused in general conventional hold-type image display apparatuses, can be alleviated. Even
when the display is performed at the maximum gradation level, the reduction in the maximum luminance and contrast,
which occurs with the minimum (luminance) insertion system (with which each one-frame period includes a minimum
luminance period), can be suppressed.
[0387] In the case where n is 2, where one of the sub frame periods is referred to as a sub frame period α and the
other sub frame period is referred to as a sub frame period β, the maximum or a sufficiently high gradation level, or a
gradation level which is increased or decreased by the gradation level of the input image signal is supplied in the sub
frame period α. The gradation level to be supplied in sub frame period is determined by whether the gradation level of
the input image signal is higher than the threshold level.
[0388] By such control, the movement of the time-wise center of gravity of luminance can be minimized. Therefore,
the problem with the technology of, for example, Japanese Laid-Open Publication No. 2001-296841, i.e., the problem
that a change in the time-wise center of gravity of the display luminance in accordance with the gradation of the input
image signal causes the abnormal luminance or the color imbalance, which lowers the image quality, is suppressed.
Since the display luminance in one frame period appropriately changes, the deterioration in the quality of moving
images due to the movement blur, which is caused in general conventional hold-type image display apparatuses, can
be alleviated. Even when the display is performed at the maximum gradation level, the reduction in the maximum
luminance and contrast, which occurs with the minimum (luminance) insertion system, can be suppressed.
[0389] In the case where n is 2, a frame image of an intermediate state in terms of time may be generated based on
two frames of images which are consecutively input. In this case, the gradation level supplied in the sub frame period
β may be determined by whether the gradation level of the image in the intermediate state is higher than the threshold
level. In such a case, the image in the intermediate state in terms of time is generated by estimation. Therefore, inac-
curate display caused by interpolation errors which may be generated in some pixel portions can be inconspicuous.
[0390] In the case where n is 2, the gradation level supplied in the sub frame period β may be determined by whether
the threshold is larger than the value obtained by averaging (i) the gradation level of the input image signal and (ii) the
gradation level of the image signal which was input one frame period before or the image signal to be input one frame
after.
[0391] The upper limits (the maximum levels) of the gradation levels supplied in the sub frame periods are set such
that the level of the upper limit is highest for the sub frame period which is at the time-wise center or closest to the
time-wise center is highest and decreases as the sub frame period is farther from the center, or such that the upper
limits are the same. By such setting, even when the gradation of the input image signal is high, a sub frame period in
which the luminance is low can be provided. Thus, even when the gradation of the input image signal is high, the
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deterioration in the quality of moving images caused by the movement blur (as caused in conventional hold-type image
display apparatuses) can be alleviated. When n = 2, the upper limit of the gradation level supplied in one of the sub
frame periods can be set to be equal to or higher than the upper limit of the gradation level supplied in the other sub
frame period.
[0392] The gradation levels supplied in the sub frame periods and the threshold levels can be set such that the
relationship between the gradation level of the input image signal and the time-integrated luminance exhibits a gamma
luminance characteristic. Thus, the deterioration in the quality of moving images caused by the movement blur (as
caused in conventional hold-type image display apparatuses) can be alleviated, while guaranteeing the compatibility
in gradation reproduceability with image signals which are generated in consideration of the gamma luminance char-
acteristic of CRTs.
[0393] A temperature detection section for detecting the temperature of a panel or the vicinity thereof may be pro-
vided, so that the gradation level supplied in the sub frame periods or the threshold levels can be changed in accordance
with the detected temperature. Thus, the relationship between the gradation level of the input image signal and the
display luminance can be maintained, even when a display element such as a liquid crystal display element, with which
the response speed to a luminance increase and the response speed to a luminance decrease can be different under
certain temperature, is used.
[0394] In the case where an input image signal has a plurality of color components, the gradation levels are set such
that the ratio, between the luminance levels displayed in the sub frame periods, of the color having the highest gradation
level of input image signal is equal to the ratio, between the luminance levels displayed in the sub frame periods, of
the colors other than the color having the highest gradation level of input image signal.
[0395] By this, even when the luminance balance is significantly different among different colors, the phenomenon
that abnormal colors appear by the luminance balance of the three colors being destroyed in the display of moving
images can be prevented.
[0396] Hereinafter, various methods for allocating the luminance level assumed for the input image signal to the
plurality of sub frame periods will be described in correspondence with claims. As described in more detail below, the
gradation levels are adjusted so as to realize the luminance level assumed for the input image signal.
[0397] In the following description, for the sake of clarity, the gradation level of the input image signal is allocated
such that the gradation level is gradually increased to a prescribed level. According to the present invention, the allo-
cation is actually performed instantaneously by, for example, calculation or conversion using a look-up table or the like,
based on the above manner of allocation in accordance with the gradation level of the input image signal.
[0398] As shown in Figure 67(a), the luminance level assumed for the input image signal is sequentially allocated,
starting from the sub frame period which is at the time-wise center, or closest to the time-wise center of, one frame
period for image display. Next, the allocation is performed to the sub frame period to the left or to the right of the sub
frame period which has been provided with the luminance level. The allocation is performed to one sub frame period
at a time, until each sub frame period is filled. The remaining luminance level is allocated to the remaining sub frame
period(s), such that the allocated luminance level is equal to the luminance level assumed for the input image signal.
Thus, the allocation is completed.
[0399] As shown in Figure 67(b), the luminance level assumed for the input image signal is sequentially allocated,
starting from one sub frame period which is at the time-wise center of one frame period for image display. Next, the
allocation is performed to two sub frame periods to the left or to the right of the sub frame period which has been
provided with the luminance level. The allocation is performed simultaneously to two sub frame periods at a time, until
each sub frame period is filled. The reference of the gradation level corresponding to the luminance level to be allocated
to the next sub frame periods after certain sub frame periods are filled is the threshold level. The remaining luminance
level is allocated to the next two sub frame periods, such that the allocated luminance level is equal to the luminance
level assumed for the input image signal. Thus, the allocation is completed.
[0400] As shown in Figure 67(c), the luminance level assumed for the input image signal is sequentially allocated,
starting from two sub frame periods which are at the time-wise center of one frame period for image display. Next, the
allocation is performed to two sub frame periods to the left or to the right of the sub frame periods which have been
provided with the luminance level. The allocation is performed simultaneously to two sub frame periods at a time, until
each sub frame period is filled. The reference of the gradation level corresponding to the luminance level to be allocated
to the next sub frame periods after certain sub frame periods are filled is the threshold level. The remaining luminance
level is allocated to the remaining sub frame period(s), such that the allocated luminance level is equal to the total
luminance level assumed for the input image signal. Thus, the allocation is completed.
[0401] As shown in Figure 67(d), the luminance level assumed for the input image signal is sequentially allocated,
starting from one of two sub frame periods (as represented by dots). When the sub frame period is filled with the
luminance level (as represented by hatching; the threshold level T), the luminance level is allocated to the other sub
frame period (as represented by dots).
[0402] As shown in Figure 68(e), the luminance level assumed for the input image signal is sequentially allocated,
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starting from one of two sub frame periods (as represented by dots). When the gradation level corresponding to the
luminance level assumed for the input image signal reaches the threshold level T1 in the sub frame period, the lumi-
nance level is also allocated to the other sub frame period (as represented by dots) as well as to the first sub frame
period. When the gradation level corresponding to the luminance level reaches the threshold level T2 in the first sub
frame period, the remaining luminance level is allocated to the second sub frame period (as represented by dots), and
the allocation is completed.
[0403] As shown in Figure 68(f), the luminance level assumed for the input image signal is sequentially allocated,
starting from one of two sub frame periods (as represented by dots). When the gradation level corresponding to the
luminance level assumed for the input image signal reaches the threshold level T1 in the sub frame period, the lumi-
nance level allocated to the sub frame period is temporarily fixed (i.e., the allocation is paused), and the luminance
level assumed for the input image signal is allocated to the other sub frame period (as represented by dots). When the
gradation level corresponding to the luminance level assumed for the input image signal reaches the threshold level
T2 in the second sub frame period, the luminance level allocated to the first sub frame period is released from the fixed
state, and the remaining luminance level is allocated to the first sub frame period (as represented by dots).
[0404] As shown in Figure 68(g), the luminance level assumed for the input image signal is sequentially allocated,
starting from one of two sub frame periods (as represented by dots). When the gradation level of the input image signal
reaches the threshold level T, the luminance level is the highest in one sub frame period. A luminance level is allocated
to the other sub frame period in consideration of the image state of the next one frame. More specifically, it is checked
if there is a difference between the image currently input and the image which is to be input next (i.e., the movement).
When there is a difference, the remaining luminance level is allocated to the second sub frame period, such that the
luminance level of the second sub frame period is the luminance level assumed for an input image signal in an inter-
mediate state in terms of time between the image currently input and the image which is to be input next (i, e. , the
image between the two images is estimated). Then, the first sub frame period is filled with the luminance level assumed
for the input image signal.
[0405] As shown in Figure 68(h), the luminance level assumed for the input image signal is sequentially allocated,
starting from one of two sub frame periods (as represented by dots). When the gradation level corresponding to the
allocated luminance level reaches the threshold level T, the luminance level is highest in one sub frame period. An
average value of the image currently input and the image which is to be input next is calculated, and the remaining
luminance level assumed for an input image signal of the average value is allocated to the other sub frame period.
Then, the first sub frame period is filled with the luminance level assumed for the input image signal,
[0406] As shown in Figures 69 (i) and 69(j), the sub frame periods have the same length or different lengths. As the
length of a sub frame period is shorter, a higher impulse effect is obtained. When the sub frame period is longer, the
center of gravity of luminance tends to be closer to the longer sub frame period and does not move easily.
[0407] As shown in Figure 69(k), the luminance level assumed for the input image signal is sequentially allocated,
starting from one of two sub frame periods (as represented by dots). When the gradation level corresponding to the
luminance level assumed for the input image signal reaches the threshold level T1 in the sub frame period, the lumi-
nance level is allocated also to the other sub frame period (as represented by dots). The luminance level is allocated
such that the difference between the gradation levels or the luminance levels allocated to the two sub frame periods
is constant.
[0408] As shown in Figure 69(l), the luminance level assumed for the input image signal is sequentially allocated,
starting from one of two sub frame periods (as represented by dots). When the gradation level corresponding to the
luminance level assumed for the input image signal reaches the threshold level T1 in the sub frame period, the lumi-
nance level is allocated also to the other sub frame period (as represented by dots). The luminance level is allocated
such that the difference between the gradation levels or the luminance levels allocated to the two sub frame periods
is in accordance with a prescribed function (e.g., a value obtained by multiplying the constant by a prescribed coeffi-
cient).
[0409] As shown in Figure 70(m), when the response time of the liquid crystal material to an increase in luminance
> the response time of the liquid crystal material to a decrease in luminance, the allocation of the luminance level is
started from the second sub frame period. When the response time of the liquid crystal material to an increase in
luminance < the response time of the liquid crystal material to a decrease in luminance, the allocation of the luminance
level is started from the first sub frame period.
[0410] As shown in Figure 70(n), when the response time of the display element to a luminance switch from Lmin
to Lmax (the luminance is increased) > the response time of the display element to a luminance switch from Lmax to
Lmin (the luminance is decreased), the allocation of the luminance level is started from the second sub frame period.
When the response time of the display element to a luminance switch from Lmin to Lmax (the luminance is increased)
< the response time of the display element to a luminance switch from Lmax to Lmin (the luminance is decreased),
the allocation of the luminance level is started from the first sub frame period.
[0411] As shown in Figure 70(o), the luminance level assumed for the input image signal is sequentially allocated,
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starting from one of two sub frame periods (as represented by dots). When the gradation level corresponding to the
luminance level assumed for the input image signal reaches the upper limit L (as represented by hatching; the threshold
level T) in the sub frame period, the luminance level is allocated to the other sub frame period (as represented by dots).
[0412] As shown in Figure 70(p), the luminance level assumed for the input image signal is allocated, starting from
the sub frame period which is at the time-wise center of one frame period (as represented by dots) . When the gradation
level corresponding the luminance level in the central sub frame period reaches the highest upper limit L1 (as repre-
sented by hatching; the threshold level T1), the luminance level is simultaneously allocated to the sub frame periods
to the right and to the left of the central sub frame period (as represented by dots). When the gradation level corre-
sponding to the luminance level in these sub frame periods reaches the second highest upper limit L2 (as represented
by hatching; the threshold level T2), the luminance level is allocated to the sub frame periods which are to the left and
to the right of these sub frame periods (as represented by dots), until the gradation level corresponding to the luminance
level in these sub frame periods reaches the lowest upper limit L3.
[0413] As shown in Figure 71(q), the luminance level assumed for the input image signal is sequentially allocated,
starting from one of two sub frame periods (as represented by dots). When the gradation level corresponding to the
luminance level reaches the higher upper limit L1 (as represented by hatching; the threshold level T) in the sub frame
period, the luminance level is allocated to the other sub frame period until the luminance level reaches the lower upper
limit L2 (as represented by dots).
[0414] As shown in Figure 71(r), the luminance level assumed for the input image signal is allocated, starting from
one of two sub frame periods which are at the time-wise center of one frame period (as represented by dots). The
luminance level in the sub frame period is set such that the time-integrated luminance reproduces an appropriate
gamma luminance characteristic. When the sub frame period is filled (as represented by hatching), the luminance level
assumed for the input image signal is allocated to the other of the two sub frame periods which are at the time-wise
center of one frame period (as represented by dots). The luminance level in the sub frame period is set such that the
time-integrated luminance reproduces an appropriate gamma luminance characteristic. When that sub frame period
is filled (as represented by hatching), the luminance level assumed for the input image signal is allocated to the sub
frame period which is adjacent to that sub frame period (as represented by dots). The luminance level in the sub frame
period is set such that the time-integrated luminance reproduces an appropriate gamma luminance characteristic.
When that sub frame period is filled (as represented by hatching), the luminance level assumed for the input image
signal is allocated to the sub frame period which is adjacent to the first central sub frame period (as represented by
dots). The luminance level in the sub frame period is set such that the time-integrated luminance reproduces an ap-
propriate gamma luminance characteristic. Such an operation is repeated. Thus, the luminance level assumed for the
input image signal is allocated, first to the sub frame period which is at the time-wise center or closest to the time-wise
center, and then the sub frame periods to the left and to the right of the central sub frame period.
[0415] As shown in Figure 71(s), the luminance level assumed for the input image signal is allocated, starting from
one of the sub frame periods which is at the time-wise center of one frame period (as represented by dots). The
luminance level in the sub frame period is set such that the time-integrated luminance reproduces an appropriate
gamma luminance characteristic. When the sub frame period is filled (as represented by hatching; the threshold level
T1), the luminance level assumed for the input image signal is simultaneously allocated to the sub frame periods to
the left of and to the right of the central sub frame period (as represented by dote). The luminance level in the sub
frame period is set such that the time-integrated luminance reproduces an appropriate gamma luminance characteristic.
When these sub frame period are filled (as represented by hatching; the threshold level T2) , the luminance level
assumed for the input image signal is simultaneously allocated to the sub frame periods which are to the left and to
the right of these sub frame periods (as represented by dots). The luminance level in the sub frame period is set such
that the time-integrated luminance reproduces an appropriate gamma luminance characteristic. Such an operation is
repeated. Thus, the luminance level assumed for the input image signal is allocated, first to the sub frame period which
is at the time-wise center, and then the sub frame periods to the left and to the right of the central sub frame period.
[0416] According to the present invention, in an image display apparatus for performing one frame period of image
display by a sum of time-integrated values of luminance displayed in a plurality of sub frame periods, the gradation
level of the image signals supplied in each sub frame period is controlled. By this, when a moving image is displayed,
the distance, by which the time-wise center of gravity of luminance moves in accordance with the gradation level of
the input image signal, can be minimized. This provides the following effects: (i) the reduction in the maximum luminance
or contrast is suppressed, (ii) the quality deterioration due to inaccurate luminance and color imbalance, observed
because the time-wise center of gravity of luminance which relies on the gradation level of the input image signal at
the time of display of moving images significantly moves, is suppressed; and (iii) the deterioration in moving images
due to the movement blur, which is a problem with a conventional hold-type image display apparatus is alleviated.
[0417] According to the present invention, the gradation level of the image signal supplied in each sub frame period
and the threshold level acting as reference for the gradation level are set, such that the relationship between the
gradation level of the input image signal and the time-integrated luminance in one frame period exhibits an appropriate
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gamma luminance characteristic. Therefore, the deterioration in quality of moving images due to the movement blur
can be alleviated while guaranteeing the compatibility in terms of gradation reproduceability with conventional image
signals which are generated in consideration of the gamma luminance characteristic of CRTs.
[0418] According to the present invention, the gradation level of the image signal supplied in each sub frame period
and the threshold level acting as reference for the gradation level are set, in accordance with the temperature of the
display panel or the vicinity thereof. Therefore, the relationship between the gradation level of the input image signal
and the display luminance can be maintained, even when a display element such as a liquid crystal display element,
with which the response speed to a luminance increase and the response speed to a luminance decrease can be
different under certain temperature, is used.
[0419] Thus, the invention described herein makes possible the advantages of providing a hold-type image display
apparatus for suppressing the reduction in the maximum luminance and contrast, minimizing the deterioration in quality
caused by the time-wise center of gravity of the display luminance being different in accordance with the gradation
level of an input image signal, and minimizing the deterioration of quality of moving images represented by afterimage
and movement blur, while being compatible in terms of gradation representation with an image signal which is generated
so as to be output to image display devices having a general luminance characteristic (e.g., a gamma luminance
characteristic) ; an electronic apparatus, a liquid crystal TV, a liquid crystal monitoring apparatus, which use such an
image display apparatus for a display section; an image display method performing image display using such an image
display apparatus; a display control program for allowing a computer to execute the image display method; and a
computer-readable recording medium having the display control program recorded thereon.
[0420] These and other advantages of the present invention will become apparent to those skilled in the art upon
reading and understanding the following detailed description with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0421]

Figure 1 is a block diagram illustrating a basic structure of an image display apparatus according to the present
invention.

Figure 2 is a block diagram of an exemplary structure of a controller LSI shown in Figure 1.

Figure 3 is a timing diagram of signals in an image display apparatus in Example 1 according to the present
invention.

Figure 4 shows how an image signal on the screen is rewritten by repeating the display control shown in the image
display apparatus in Example 1.

Figure 5 shows a change in the gradation level of an input image signal when a prescribed display panel is used.

Figure 6 shows a luminance change in a display panel when a sub frame period α is assigned to a first sub frame
period and a sub frame period β is assigned to a second sub frame period, in the case where the gradation level
of the input image signal is changed as shown in Figure 5.

Figure 7 shows a luminance change in a display panel when the sub frame period β is assigned to the first sub
frame period and the sub frame period α is assigned to the second sub frame period, in the case where the
gradation level of the input image signal is changed as shown in Figure 5.

Figure 8 illustrates the target luminance levels in Example 1.

Figure 9 shows the relationship between the gradation level of the input image signal, and the gradation levels
supplied in the first sub frame period and the second sub frame period, which fulfills expression (2) in Example 1.

Figure 10 shows a luminance change in accordance with the time on one horizontal line in a screen when an object
horizontally moves with a still background in the image display apparatus in Example 1.

Figure 11 shows the distribution in brightness of the image shown in Figure 10 which is viewed by the observer's
eye paying attention to the moving object.
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Figure 12 shows a difference in luminance in accordance with the temperature conditions when the gradation level
of the image signal supplied to a display panel used in Example 1 is not adjusted in accordance with the temperature
conditions.

Figure 13 shows a difference in luminance in accordance with the temperature conditions when the gradation level
of the image signal supplied to the display panel used in Example 1 is adjusted in accordance with the temperature
conditions.

Figure 14 shows the luminance assumed for the input image signal is gradually changed in the image display
apparatus in Example 1.

Figure 15 shows a luminance change in accordance with time of one horizontal line in a screen when an object
with the luminance shown in Figure 14 horizontally moves with a still background in the image display apparatus
in Example 1.

Figure 16 shows the distribution in brightness of the image shown in Figure 15 which is viewed by the observer's
eye paying attention to the moving object.

Figure 17 illustrates the target luminance levels in Example 2 according to the present invention.

Figure 18 shows the relationship between the gradation level of the input image signal, and the gradation levels
supplied in the first sub frame period and the second sub frame period, which fulfills expression (2) in Example 2.

Figure 19 shows a luminance change in accordance with time of one horizontal line in a screen when an object
horizontally moves with a still background in an image display apparatus in Example 2.

Figure 20 shows the distribution in brightness of the image shown in Figure 19 which is viewed by the observer's
eye paying attention to the moving object.

Figure 21 illustrates the target luminance levels in Example 3 according to the present invention.

Figure 22 shows the relationship between the gradation level of the input image signal, and the gradation levels
supplied in the first sub frame period and the second sub frame period, which fulfills expression (2) in Example 3.

Figure 23 shows a luminance change in accordance with time of one horizontal line in a screen when an object
horizontally moves with a still background in an image display apparatus in Example 3.

Figure 24 shows the distribution in brightness of the image shown in Figure 23 which is viewed by the observer's
eye paying attention to the moving object.

Figure 25 illustrates the target luminance levels in Example 4 according to the present invention.

Figure 26 shows the relationship between the gradation level of the input image signal, and the gradation levels
supplied in the first sub frame period and the second sub frame period, which fulfills expression (2) in Example 4.

Figure 27 shows a luminance change in accordance with time of one horizontal line in a screen when an object
horizontally moves with a still background in an image display apparatus in Example 4.

Figure 28 shows the distribution in brightness of the image shown in Figure 27 which is viewed by the observer's
eye paying attention to the moving object.

Figure 29 shows a difference in luminance in accordance with the temperature conditions when the gradation level
of the image signal supplied to a display panel used in Example 4 is not adjusted in accordance with the temperature
conditions.

Figure 30 shows a difference in luminance in accordance with the temperature conditions when the gradation level
of the image signal supplied to the display panel used in Example 4 is adjusted in accordance with the temperature
conditions.



EP 1 536 407 A2

5

10

15

20

25

30

35

40

45

50

55

45

Figure 31 shows a luminance change in accordance with time of one horizontal line in a screen when an object
having a strong red component and weak green and blue components horizontally moves with a black still back-
ground in an image display apparatus in Example 5 according to the present invention,

Figure 32 shows a luminance change in accordance with time of one horizontal line in a screen when an object
having a strong red component and weak green and blue components horizontally moves with a black still back-
ground in another image display apparatus in Example 5.

Figure 33 is a block diagram of an exemplary structure of a controller LSI shown in Figure 1.

Figure 34 is a timing diagram of signals in an image display apparatus in Example 6 according to the present
invention.

Figure 35 shows how an image signal on the screen is rewritten in the image display apparatus in Example 6.

Figure 36 shows a luminance change in accordance with time of one horizontal line in a screen when an object
horizontally moves with a still background in the image display apparatus in Example 6.

Figure 37 shows the distribution in brightness of the image shown in Figure 36 which is viewed by the observer's
eye paying attention to the moving object.

Figure 38 is a block diagram of an exemplary structure in Example 7 according to the present invention of a
controller LSI shown in Figure 1.

Figure 39 shows a luminance change in accordance with time of one horizontal line in a screen when an object
horizontally moves with a still background in an image display apparatus in Example 7.

Figure 40 shows the distribution in brightness of the image shown in Figure 39 which is viewed by the observer's
eye paying attention to the moving object.

Figure 41 is a block diagram of an exemplary structure in Example 8 according to the present invention of a
controller LSI shown in Figure 1.

Figure 42 is a timing diagram of signals in an image display apparatus in Example 8 according to the present
invention.

Figure 43 shows how an image signal on the screen is rewritten in the image display apparatus in Example 8.

Figure 44 shows a luminance change in accordance with time of one horizontal line in a screen when an object
horizontally moves with a still background in the image display apparatus in Example 8.

Figure 45 shows the distribution in brightness of the image shown in Figure 44 which is viewed by the observer's
eye paying attention to the moving object.

Figure 46 shows a luminance change in accordance with time of one horizontal line in a screen when an object
horizontally moves with a still background in a conventional impulse-type image display apparatus.

Figure 47 shows the distribution in brightness of the image shown in Figure 46 which is viewed by the observer's
eye paying attention to the moving object.

Figure 48 shows a luminance change in accordance with time of one horizontal line in a screen when an object
horizontally moves with a still background in a general conventional hold-type image display apparatus.

Figure 49 shows the distribution in brightness of the image shown in Figure 48 which is viewed by the observer's
eye paying attention to the moving object.

Figure 50 shows a luminance change in accordance with time of one horizontal line in a screen when an object
horizontally moves with a still background in a hold-type image display apparatus adopting the minimum (lumi-
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nance) insertion system.

Figure 51 shows the distribution in brightness of the image shown in Figure 50 which is viewed by the observer's
eye paying attention to the moving object.

Figure 52 shows a luminance change in accordance with time of one horizontal line in a screen when an object
horizontally moves with a still background in a conventional hold-type image display apparatus disclosed by Jap-
anese Laid-Open Publication No. 2001-296841.

Figure 53 shows the distribution in brightness of the image shown in Figure 52 which is viewed by the observer's
eye paying attention to the moving object.

Figure 54 shows the relationship between the gradation level of a conventional input image signal generated in
consideration of a gamma luminance characteristic of a CRT and the display luminance, and the relationship
between the gradation level of an image signal and the display luminance in a conventional hold-type image display
apparatus which is compatible with the conventional image signal.

Figure 55 shows the relationship between the gradation level of an image signal and the display luminance in an
image display apparatus proposed by example 7 of Japanese Laid-Open Publication No. 2001-296841 which
includes a conventional hold-type display panel.

Figure 56 shows a luminance change in accordance with time of one horizontal line in a screen when an object
horizontally moves with a still background in a general hold-type image display apparatus.

Figure 57 shows the distribution in brightness of the image shown in Figure 56 which is viewed by the observer's
eye paying attention to the moving object.

Figure 58 shows a luminance change in accordance with time of one horizontal line in a screen when an object
having a specific luminance horizontally moves with a still background with a specific luminance in an image display
apparatus in Example 1.

Figure 59 shows the distribution in brightness of the image shown in Figure 58 which is viewed by the observer's
eye paying attention to the moving object.

Figure 60 is a block diagram illustrating a basic structure of an image display apparatus in Example 9 according
to the present invention.

Figure 61 is a block diagram of an exemplary structure of a controller LSI shown in Figure 60.

Figure 62 shows six examples of the relationship between the gradation level of the input image signal, the gra-
dation levels in the first and second sub frame periods, and the perceived brightness, with different target luminance
levels.

Figure 63 is a graph illustrating the relationship between the gradation level of the input image signal and the time-
integrated luminance during the first and second sub frame periods (perceived brightness) when the look-up tables
A through C are used.

Figure 64 is a block diagram of a structure of an image display control section provided by a computer in Example
10 according to the present invention.

Figure 65 is a block diagram of a structure of a liquid crystal TV in Example 11, using an image display apparatus
according to the present invention.

Figure 66 is a block diagram of a structure of a liquid crystal monitoring apparatus in Example 12, using an image
display apparatus according to the present invention.

Figures 67(a) through (d), Figures 68(e) through (h), Figures 69(i) through (l), Figures 70(m) through (p), and
Figures 71(q) through (s) show conceptual views of sub frame periods, which illustrate exemplary methods for
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allocating the luminance level assumed for the input image signal to the sub frame periods in an image display
apparatus according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0422] Hereinafter, the present invention will be described by way of illustrative examples 1 through 12 with reference
to the accompanying drawings.
[0423] In this specification, the term "gradation level" refers to a level of a signal which is input. The term "luminance
level" refers to the level of the brightness of an image which is displayed.
[0424] Figure 1 is a block diagram illustrating a basic structure of an image display apparatus 1 according to Examples
1 through 8 of the present invention.
[0425] As shown in Figure 1, the image display apparatus 1 includes a display panel 10 (image display section, i.e.,
an image display section), a temperature sensor IC 20 (temperature detection section) for detecting the temperature
of the display panel 10 or the temperature of a portion in the vicinity of the display panel 10, a frame memory 30 (frame
data memory section) for storing an image of one frame, and a controller LSI 40 (display control section) for controlling
various sections of the image display 1.
[0426] The display panel 10 includes a display element array 11, a TFT substrate 12, source drivers 13a through
13d, and gate drivers 14a through 14d.
[0427] The display element array 11 includes a plurality of display elements 11a (pixel portions) in a matrix. The
plurality of display elements 11a are formed of a liquid crystal material or an organic EL (electroluminescence) material.
[0428] In a display area of the TFT substrate 12, a plurality of pixel electrodes 12a for respectively driving the display
elements 11a and a plurality of TFTs 12b are provided. The plurality of TFTs 12b are for switching on or off the supply
of a display voltage to the pixel electrodes 12a respectively. The plurality of pixel electrodes 12a and the plurality of
TFTs 12b are arranged in a matrix in correspondence with the display elements 11a. In an area along the display
element array 11 and the TFT substrate 12, the first through fourth source drivers 13a through 13d and the first through
gate drivers 14a through 14d are provided. The first through fourth source drivers 13a through 13d are for driving the
pixel electrodes 12a and the display elements 11a via the respective TFTs 12b. The first through gate drivers 14a
through 14d are for driving the TFTs 12b.
[0429] In the display area of the TFT substrate 12, a plurality of source voltage lines connected to the source drivers
13a through 13d to provide source voltages (display voltages) and a plurality of gate voltage lines connected to the
gate drivers 14a through 14d to provide gate voltages (scanning signal voltages) are provided. The plurality of source
voltage lines and the plurality of gate voltage lines are arranged to cross each other, for example, perpendicular to
each other. At each of the intersections of the source voltages lines and the gate voltage lines, a pixel electrode 12a
and a TFT 12b are provided. A gate electrode of each TFT 12b is connected to the respective gate voltage line (i.e.,
the gate voltage line running through the respective intersection). A source electrode of each TFT 12b is connected
to the respective source voltage line (i.e., the source voltage line running through the respective intersection). A drain
electrode of each TFT 12b is connected to the respective pixel electrode 12a.
[0430] The leftmost source voltage line connected to each source driver (source drivers 13a through 13d) will be
referred to as the first source voltage line, and the source voltage line adjacent to the first source voltage line will be
referred to as the second source voltage line. The source voltage lines will be referred to in this manner, and the
rightmost source voltage line connected to each source driver will be referred to as the final source voltage line. The
uppermost gate voltage line connected to each gate driver (gate drivers 14a through 14d) will be referred to as the
first gate voltage line, and the gate voltage line adjacent to the first gate voltage line will be referred to as the second
gate voltage line. The gate voltage lines will be referred to in this manner, and the lowermost gate voltage line connected
to each gate driver will be referred to as the final gate voltage line.
[0431] For the sake of simplicity, Figure 1 shows only the first source voltage line connected to the first source driver
13a, the first gate voltage line connected to the first gate driver 14a, a TFT 12b connected thereto, the pixel electrode
12a connected to the TFT 12b, and the display element 11a corresponding to the pixel electrode 12a.
[0432] In the vicinity of the display panel 10, the temperature sensor IC 20 for detecting the temperature of the display
panel 10 or the vicinity thereof and for outputting the temperature as a temperature level signal is provided. The frame
memory 30 for holding input image signals is also provided in the vicinity of the display panel 10. The controller LSI
40 is also provided in the vicinity of the display panel 10 for outputting signals to the source drivers 13a through 13d
and the gate drivers 14a through 14d, for accessing the frame memory 30 and storing data therein, and for reading
the temperature level signal which is output from the temperature sensor IC 20 and correcting and controlling the
luminance in accordance with the temperature.
[0433] A basic display method using the image display apparatus 1 having such a structure will be described.
[0434] The controller LSI 40 sends image signals corresponding to pixel portions of one horizontal line to the first
source driver 13a sequentially in synchronization with a clock signal. Since the first through fourth source drivers 13a
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through 13d are connected as shown in Figure 1, image signals corresponding to the pixel portions of one horizontal
line are temporarily held in the first through fourth source drivers 13a through 13d by the clock signal pulses corre-
sponding to the pixel portions of the one horizontal line. When the controller LSI 40 outputs a latch pulse signal to the
first through fourth source drivers 13a through 13d in this state, each of the first through fourth source drivers 13a
through 13d outputs a display voltage level corresponding to the image signal of the corresponding pixel portion to the
source voltage lines corresponding to the pixel portions of the one horizontal line.
[0435] The controller LSI 40 also outputs enable signals, start pulse signals and vertical shift clock signals as control
signals to the first through fourth gate drivers 14a through 14d. While the enable signal is at a LOW level, the gate
voltage line is in an OFF state. When a start pulse signal is input at the rising edge of a vertical shift clock signal while
the enable signal is put to a HIGH level, the first gate voltage line of the corresponding gate driver is placed into an
ON state. When the start pulse signal is not input at the rising edge of the vertical clock shift signal, the gate voltage
line immediately subsequent to the gate voltage line, which was placed into an ON state at the immediately previous
time, is placed into an ON state.
[0436] By one gate voltage line being placed into an ON state while the display voltages corresponding to the pixel
portions of one horizontal line are output to the source voltage line, the TFTs 12b connected to this gate voltage line
(corresponding to the pixel portions of the one horizontal line) are placed into an ON state. By this, the pixel electrodes
12a corresponding to pixels of the one horizontal line are each supplied with charge (display voltage) from the respective
source voltage line. Thus, the state of the corresponding display element 11a changes, and image display is performed.
Such display control is repeated for each horizontal line, and thus image display is performed in the entire display
screen.
[0437] Hereinafter, an image display apparatus 1 and an image display method according to the present invention
will be described by way of specific examples 1 through 8. In Examples 1 through 8, the image display apparatus 1
described above including the controller LSI 40 is used.

(Example 1)

[0438] In Example 1 of the present invention, image display is performed for each pixel portion on the screen by the
sum of time-integrated values (or levels) of luminance during the first and second sub frame periods. During one of
the two sub frame periods which is uniquely defined (for example, a first sub frame period), an image signal of the
maximum gradation level, or an image signal of a gradation level which is increased or decreased in accordance with
the gradation level of the input image signal, is supplied. This sub frame period is referred to as the "sub frame period
α". During the other sub frame period (for example, a second sub frame period), an image signal of the minimum
gradation level, or an image signal of a gradation level which is increased or decreased in accordance with the gradation
level of the input image signal, is supplied. This sub frame period is referred to as the "sub frame period β". Such control
is performed in units of single pixel or in units of a prescribed number of pixels.
[0439] How to determine which of the sub frame period α and the sub frame period β is assigned to the first sub
frame period and the second sub frame period will be described later.
[0440] In Example 1, the displaypanel 10 uses, as a display element, a liquid crystal material which has a high
temperature dependency of the response speed.
[0441] Figure 2 is a block diagram of a structure of a controller LSI 40 (as the display control section; shown in Figure
1) in Example 1. In Example 1, the controller LSI 40 is represented by reference numeral 40A.
[0442] As shown in Figure 2, the controller LSI 40A includes a line buffer 41 (line data memory section), a timing
controller 42 (timing control section), a frame memory data selector 43 (frame memory data selection section), a first
gradation conversion circuit 44 (first gradation conversion section), a second gradation conversion circuit 45 (second
gradation conversion section), and an output data selector 46 (output data selection section).
[0443] The line buffer 41 receives the input image signal horizontal line by horizontal line, and temporarily stores the
input image signal. The line buffer 41 includes a receiving port and a sending port independently, and therefore can
receive and send signals simultaneously.
[0444] The timing controller 42 controls the frame memory data selector 43 to alternately select data transfer to the
frame memory 30 or data read from the frame memory 30. The timing controller 42 also controls the output data selector
46 to alternately select data output from the first gradation conversion circuit 44 or data output from the second gradation
conversion circuit 45. Namely, the timing controller 42 selects the first sub frame period or the second sub frame period
for the output data selector 46, as described later in detail.
[0445] The frame memory data selector 43 is controlled by the timing controller 42 to alternately select data transfer
or data read. In data transfer, the frame memory data selector 43 transfers the input image signal stored in the line
buffer 41 to the frame memory 30, horizontal line by horizontal line. In data read, the frame memory data selector 43
reads an input image signal which was read one frame period before and has been stored in the frame memory 30,
horizontal line by horizontal line, and transfers the read data to the second gradation conversion circuit 45.
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[0446] The first gradation conversion circuit 44 converts the gradation level of the input image signal supplied from
the line buffer 41 to the maximum gradation level or a gradation level which is increased or decreased in accordance
with the gradation level of the input image signal.
[0447] The second gradation conversion circuit 45 converts the gradation level of the image signal supplied from the
frame data selector 43 to the minimum gradation level or a gradation level which is increased or decreased in accord-
ance with the gradation level of the input image signal.
[0448] The first gradation conversion circuit 44 and the second gradation conversion circuit 45 have a function of
changing the conversion value in accordance with a temperature level signal which is output from the temperature
sensor IC 20. In Example 1, the first gradation conversion circuit 44 and the second gradation conversion circuit 45
include look-up tables which store output values in correspondence with input values. Alternatively, output values may
be calculated by a calculation circuit.
[0449] The output data selector 46 is controlled by the timing controller 42 to alternately select an image signal which
is output from the first gradation conversion circuit 44, or an image signal which is output from the second gradation
conversion circuit 45, horizontal line by horizontal line. The output data selector 46 outputs the selected image signal
as a panel image signal.
[0450] An operation of an image display apparatus in Example 1 including the controller LSI 40A having the above-
described structure will be described.
[0451] Figure 3 is a timing diagram of signals in the image display apparatus in Example 1 illustrated by horizontal
periods. In Figure 3, an image signal is input for the first horizontal line through the third horizontal line of the N'th frame.
[0452] In Figure 3, the letters in brackets ([]) represent the frame and the horizontal line in which the image signal
which is being transferred was input. For example, [f, 1] represents that an image signal which was input in the first
horizontal line of the f' th frame is being transferred. [N, 2] represents that an image signal which was input in the
second horizontal line of the N'th frame is being transferred. The M'th line is the middle horizontal line on the screen.
In Example 1, the M' th line is the horizontal line which is driven by the first gate voltage line of the third gate driver
14c. "C1" represents that an image signal obtained by converting the input image signal, which was input in the frame
and the horizontal line shown in the immediately subsequent brackets ([]), by the first gradation conversion circuit 44
is being transferred. "C2" represents that an image signal obtained by converting the input image signal, which was
input in the frame and horizontal line shown in the immediately subsequent brackets ([]), by the second gradation
conversion circuit 45 is being transferred.
[0453] In operation, an input image signal is first received by the line buffer 41 as represented by arrow D1 in Figure 3.
[0454] Then, as represented by arrow D2, while one horizontal line of image signal is being received, the image
signal is written from the line buffer 41 to the frame memory 30 via the frame memory data selector 43, and is also
transferred from the line buffer 41 to the first gradation conversion circuit 44. The first gradation conversion circuit 44
outputs the converted image signal as a panel image signal.
[0455] As represented by arrow D3, alternately with the image signal being written to the frame memory 30, an image
signal of the horizontal line, which is a half frame period before the horizontal line of the image signal which is being
written, is read from the frame memory 30, horizontal line by horizontal line. The read image signal is converted by the
second gradation conversion circuit 44 via the frame memory data selector 43 and is output as a panel image signal.
[0456] One horizontal line of panel image signal is output from the controller LSI 40A and is transferred to the first
through fourth source drivers 13a through 13d by a clock signal. Then, when a latch pulse signal is provided, a display
voltage corresponding to the display luminance of each pixel portion is output from the respective source voltage line.
At this point, the gate driver corresponding to the horizontal line, which is to be supplied with charge (display voltage)
on the source voltage line to perform image display, is supplied with a vertical shift clock signal or a gate start pulse
signal as necessary. Thus, the scanning signal on the corresponding gate voltage line is placed into an ON state. For
a gate driver which is not to be used for image display, the enable signal is put to a LOW level and thus the scanning
signal of the corresponding gate voltage line is placed into an OFF state.
[0457] In the example shown in Figure 3, as represented by arrow D4, the M' th line (one horizontal line) of image
signal of the (N-1)'th frame is transferred to the source driver. Then, as represented by arrow D5, the enable signal
from the controller LSI 40A to the third gate driver 14c is put to a HIGH level. As represented by arrows D6 and D7, a
start pulse signal and a vertical shift clock signal are supplied to the third gate driver 14c. As a result, as represented
by arrow D8, the TFT 12b connected to the first gate voltage line of the third gate driver 14c (corresponding to the M'th
line on the screen in terms of the display position) is placed into an ON state. Thus, image display is performed. At
this point, the enable signals to the first, second and fourth gate drivers 14a, 14b and 14d, which are not at the display
position, are put to a LOW level, and the TFTs 12b connected to the first, second and fourth gate drivers 14a, 14b and
14d are in an OFF state.
[0458] Next, as represented by arrow D9, the first line (one horizontal line) of image signal of the N'th frame is
transferred to the source driver. Then, as represented by arrow D10, the enable signal from the controller LSI 40A to
the first gate driver 14a is put to a HIGH level. As represented by arrows D10 and D11, a start pulse signal and a
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vertical shift clock signal are supplied to the first gate driver 14a. As a result, as represented by arrow D13, the TFT
12b connected to the first gate voltage line of the first gate driver 14a (corresponding to the first line on the screen in
terms of the display position) is placed into an ON state. Thus, image display is performed. At this point, the enable
signals to the second through fourth gate drivers 14b, 14c and 14d, which are not at the display position, are put to a
LOW level, and the TFTs 12b connected to the second through fourth gate drivers 14b, 14c and 14d are in an OFF state.
[0459] Figure 4 shows how the image signal on the screen is rewritten by repeating the display control shown in
Figure 3. Specifically, Figure 4 shows how the image signal is rewritten in the period in which the image signal of the
N'th frame and the (N+1)'th frame is input.
[0460] In Figure 4, the oblique arrows represent the vertical position and the timing at which one horizontal line of
image signal is rewritten. Ci[f ] represents that the image signal of the f'th frame is displayed by an image signal obtained
by conversion performed by the i'th gradation conversion circuit (the first gradation conversion circuit 44 or the second
gradation conversion circuit 45). The image display information is retained until the image signal of the same line is
rewritten. In Figure 4, the white areas represent the positions where the image display information obtained by con-
version performed by the first gradation conversion circuit 44 is retained, and the hatched areas represent the positions
where the image display information obtained by conversion performed by the second gradation conversion circuit 45
is retained. The dotted lines represent the borders between the first through fourth gate drivers 14a through 14d which
are driven.
[0461] Paying attention to a vertical position of one horizontal line on the screen, the following is appreciated: during
a half of one frame, image display is performed by an image signal obtained by conversion by the first gradation
conversion circuit 44; and during the next half of the frame, image display is performed by an image signal obtained
by conversion by the second gradation conversion circuit 45. The first half of the frame is referred to as the first sub
frame period, and the second half of the frame is referred to as the second sub frame period.
[0462] Whether the sub frame period α is assigned to the first sub frame period or the second sub frame period, and
whether the sub frame period β is assigned to the first sub frame period or the second sub frame period, is determined
by the response speed characteristic, of the display panel used, to a luminance switch.
[0463] In the case of the display panel used in Example 1, the response speed to a luminance switch from the
minimum luminance level to the maximum luminance level is low (i.e., the response time to such a luminance switch
is long), and the response is not completed in one sub frame period. By contrast, the response speed to a luminance
switch from the maximum luminance level to the minimum luminance level is high, and the luminance response is
substantially completed in one sub frame period.
[0464] With such a display panel, in the case where the gradation level of the input image signal is changed as shown
in Figure 5, the sub frame period α is assigned to the first sub frame period and the sub frame period β is assigned to
the second sub frame period,. Figure 6 shows a luminance change in such a case.
[0465] In Figure 6, as represented by arrow D37-1, the gradation level changes most drastically in the first sub frame
period when the level of the input image signal rises significantly. As described above, with the display panel used in
Example 1, the response speed to a luminance switch from the minimum luminance level to the maximum luminance
level is low and thus the luminance response is not completed in one sub frame period. Therefore, the luminance
response has not been sufficiently completed at the end of the first sub frame period represented by arrow D37-2. As
a result, the state of the luminance change is different from that of the immediately subsequent frame, in which the
gradation level of the input image signal is the same. This results in the following inconveniences in the actual image:
pseudo profiles are generated at the edge of the moving object; or in the case of color display, the color balance among
different colors is destroyed and abnormal colors appear.
[0466] Next, the sub frame period α is assigned to the second sub frame period and the sub frame period β is
assigned to the first sub frame period, in the case where the gradation level of the input image signal is changed as
shown in Figure 5. Figure 7 shows a display luminance change in such a case.
[0467] In Figure 7, as represented by arrow D38-1, the gradation level changes most drastically in the first sub frame
period when the level of the input image signal falls significantly. As described above, with the display panel used in
Example 1, the response speed to a luminance switch from the maximum luminance level to the minimum luminance
level is high and thus the luminance response is substantially completed in one sub frame period. Therefore, the
luminance response is sufficiently completed at the end of the first sub frame period represented by arrow D38-2. As
a result, the state of the luminance change is the same as that of the immediately subsequent frame, in which the
gradation level of the input image signal is the same. Therefore, no such inconveniences occur that pseudo profiles
are generated at the edge of the moving object, or in the case of color display, the color balance among different colors
is not spoiled and abnormal colors do not appear. For this reason, in Example 1, the sub frame period α is assigned
to the second sub frame period and the sub frame period β is assigned to the first sub frame period.
[0468] An image display method performed using the image display apparatus in Example 1 will be described.
[0469] In Example 1, the second sub frame period is referred to as the sub frame period α as described above. In
the sub frame period α, the input image signal is converted by the first gradation conversion circuit 44, such that an
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image signal of a gradation level which is increased or decreased in accordance with the gradation level of the input
image signal is supplied when the gradation level of the input image signal is equal to or less than a threshold level
uniquely determined, and such that an image signal of the maximum gradation level is supplied when the gradation
level of the input image signal is greater than the threshold level.
[0470] The first sub frame period is referred to as the sub frame period β as described above. In the sub frame period
β, the input image signal is converted by the second gradation conversion circuit 45, such that an image signal of the
minimum gradation level is supplied when the gradation level of the input image signal is equal to or less than the
threshold level uniquely determined, and such that an image signal of a gradation level which is increased or decreased
in accordance with the gradation level of the input image signal is supplied when the gradation level of the input image
signal is greater than the threshold level.
[0471] Here, the luminance levels which are the target values for the first sub frame period and the second sub frame
period will be described.
[0472] Figure 8 illustrates the target luminance levels in Example 1.
[0473] In Figure 8, the left part shows the luminance level assumed for the input image signal. The middle part shows
the display luminance in each of the first sub frame period and the second sub frame period. The right part shows the
time-integrated luminance in the two sub frame periods of one frame period. This value is considered to match the
brightness actually perceived by the observer's eye. Here, the maximum possible value which can be obtained by time
integration of luminance of the display panel 10 is set to 100%. Figure 8 shows the luminance levels assumed for the
input image signal in consideration of the gamma luminance characteristic of 0%, 25%, 50%, 75% and 100%.
[0474] As shown in Figure 8, the luminance level assumed for the input image signal of 1/2 (50%) of the maximum
luminance is set as the threshold level, which is areferenoe for the gradation level of the image signal supplied in each
sub frame period. When the luminance level assumed for the input image signal is 1/2 (50%) of the maximum luminance
or less, the luminance in the second sub frame period is expressed as follows.

(prescribed ratio, i.e., multiplication value: 2).
[0475] Thus, the luminance in the second sub frame period is increased or decreased in accordance with the lumi-
nance assumed for the input image signal. For example, when the luminance assumed for the input image signal is
25%, the luminance in the second sub frame period is 25% 3 2 = 50%.
[0476] When the luminance assumed for the input image signal is greater than 1/2 (50%) of the maximum luminance,
the luminance in the second sub frame period is the maximum luminance (100%).
[0477] When the luminance assumed for the input image signal is 1/2 (50%) of the maximum luminance or less, the
luminance in the first sub frame period is the minimum luminance (0%).
[0478] When the luminance assumed for the input image signal is greater than 1/2 (50%) of the maximum luminance,
the luminance in the first sub frame period is expressed as follows. Luminance in the first sub frame period = luminance
assumed for the input image signal 3 2 - 1 (prescribed ratio, i.e., multiplication value: 2).
[0479] Thus, the luminance in the first sub frame period is increased or decreased in accordance with the luminance
assumed for the input image signal. For example, when the luminance assumed for the input image signal is 75%
(3/4), the luminance in the first sub frame period is (3/4) 3 2 - 1 = 50%.
[0480] As described above, the gradation level of the input image signal is converted by the first gradation conversion
circuit 44 (in the first sub frame period) and by the second gradation conversion circuit 45 (in the second sub frame
period) in accordance with the set luminance level, and the converted values are respectively output in the first sub
frame period and the second sub frame period. In this manner, the time-wise center of gravity of the display luminance
does not rely on the gradation level of the input image signal and is fixed to the second sub frame period. Therefore,
the reduction in image quality caused by the abnormal luminance or the color imbalance, which is the problem with
the technology of, for example, Japanese Laid-Open Publication No. 2001-296841, can be suppressed.
[0481] Current general image signals, for example, TV broadcast signals, video reproduction signals, and PC (per-
sonal computer) image signals, are mostly generated and output in consideration of the gamma luminance character-
istic of CRTs (cathode ray tubes) . In this case, the gradation level of an image display signal and the display luminance
assumed for the gradation level do not have a linear relationship. Accordingly, in order to realize appropriate gradation
representation by display devices such as liquid crystal display devices and EL display devices, the source driver
generally includes a circuit having substantially the same gamma luminance characteristic as that of a CRT as a circuit
for converting the image signal into a source voltage.
[0482] In Example 1, the gradation level of an input image signal and the display luminance assumed for the gradation

Luminance in the second sub frame period =

luminance assumed for the input image signal 3 2
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level have the following relationship.

(where the maximum value of the display luminance is "1", and the minimum value of the display luminance is "0").
[0483] In Example 1, the source drivers 13a through 13d of the display panel 10 are designed to have the same
gamma luminance characteristic as that of expression (1) . This is done such that the relationship between the gradation
level of an input image signal and the display luminance assumed for the gradation level can be reproduced when one
frame of input image signal is simply reproduced in one frame period, like in the general conventional hold-type display
apparatuses. In this case, the gradation level of the input image signal and the display luminance assumed for the
gradation level have the relationship shown in Figure 54.
[0484] Even in the case where one frame of image display is performed in two sub frame periods as in Example 1,
it is preferable to be able to reproduce the relationship between the gradation level of the input image signal and the
display luminance assumed for the gradation level.
[0485] In order to realize this, in Example 1, (a) the threshold level which is a reference for the gradation level of the
image signal in each sub frame period, and (b) the gradation level of the image signal supplied in each sub frame
period after being increased or decreased in accordance with the gradation level of the input image signal, are set
such that the relationship between the gradation level of the input image signal and the time-integrated value of lumi-
nance in one frame period exhibits an appropriate gamma luminance characteristic.
[0486] In Example 1, the priority is given to suppressing the reduction in luminance, rather than to solving the move-
ment blur at all the gradation levels. When the gradation level of the input image signal is maximum, the image display
is performed at the maximum possible luminance of the display panel 10.
[0487] In this case, the gradation level of the input image signal, and the gradation level supplied in the first sub
frame period and the gradation level supplied in the second sub frame period, have the following relationship.

[0488] Figure 9 shows the relationship between the gradation level of the input image signal, and the gradation level
supplied in the first sub frame period and the gradation level supplied in the second sub frame period, which fulfills
expression (2).
[0489] In Figure 9, the left part shows the gradation level of the input image signal. The middle part shows the
gradation level which is supplied in each of the first sub frame period and the second sub frame period after being
converted from the gradation level of the input image signal. The right part shows the time-integrated value of luminance
in the two sub frame periods of one frame period. Figure 9 shows the time-integrated value of luminance of 0%, 25%,
50%, 75% and 100%.
[0490] As shown in Figure 9, the luminance assumed for the input image signal of 1/2 (50%) of the maximum lumi-
nance, i.e., the gradation level of the input image signal of 72.97%, is set as the threshold level, which is a reference
for the gradation level of the image signal supplied in each sub frame period. When the gradation level of the input
image signal is 72.97% or less, the gradation level of the image signal supplied in the second sub frame period is
increased or decreased in accordance with the luminance assumed for the input image signal, so as to fulfill expression
(2). The gradation level of the image signal supplied in the first sub frame period is minimum (0%).
[0491] When the gradation level of the input image signal is greater than 72.97%, the gradation level of the image

Display luminance = (gradation level of the input image

signal/the maximum gradation level)γ

(γ = 2.2) expression (1)

(Gradation level of the input image signal/the maximum

gradation level) γ = {(the gradation level supplied in the

first sub frame period/the maximum gradation level)γ + (the

gradation level supplied in the second sub frame period/the

maximum gradation level)γ}/2

(γ = 2,2) expression (2)
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signal supplied in the second sub frame period is maximum (100%). The gradation level of the image signal supplied
in the first sub frame period is increased or decreased in accordance with the luminance assumed for the input image
signal, so as to fulfill expression (2).
[0492] The gradation level of the image signal supplied in the first sub frame period is obtained as a result of the
input image signal being temporarily stored in, and output from, the line buffer 41 and converted by the first gradation
conversion circuit 44 in the control LSI 40A. The gradation level of the image signal supplied in the second sub frame
period is obtained as a result of the input image signal being temporarily stored in, and output from, the frame memory
30 and converted by the second gradation conversion circuit 45 in the control LSI 40A.
[0493] When the converted gradation levels as shown in the middle part of Figure 9 are supplied, the image display
is performed in the first and second sub frame periods at the luminance in accordance with the gamma luminance
characteristic which is possessed by the source driver of the display panel 10, and represented by expression (1) and
shown in Figure 54.
[0494] As a result, the time-integrated luminance in the first and second sub frame periods of one frame period as
shown in the right part of Figure 9 is perceived by the observer's eye as the brightness. This time-integrated luminance
reproduces the gamma luminance characteristic assumed for the input image signal as represented by expression (1)
and shown in Figure 54. It is understood that an appropriate gamma luminance characteristic is reproduced by the
image display apparatus and the image display method in Example 1.
[0495] For displaying an image of an object moving in the horizontal direction with a still background using the image
display apparatus and method in Example 1, when the gradation level of the input image signal is sufficiently low, an
image of the minimum gradation level is supplied in the second sub frame period for both the display portion of the still
background and the display portion of the moving object. Therefore, as in the case of the image display apparatus
which adopt the minimum (luminance) insertion system shown in Figures 50 and 51, the movement blur is alleviated
to improve the quality of moving images.
[0496] In the following description, an image of an object having a gradation level of as high as 72.97% or greater
(display luminance of 50% or greater) moving with a background having a still higher luminance is input to a general
conventional hold-type image display apparatus and also the image display apparatus in Example 1.
[0497] Figure 56 shows a luminance change in accordance with time of one horizontal line in a screen when the
above-mentioned image is input to a general conventional hold-type image display apparatus. In Figure 56, like in
Figure 48, each one-frame period T101 is entirely a light-on period T102. Neither the first sub frame period nor the
second sub frame period is provided. Figure 57 shows the distribution in brightness of the image shown in Figure 56
which is viewed by the observer's eye paying attention to the moving object.
[0498] Figure 58 shows a luminance change in accordance with time of one horizontal line in a screen when the
above-mentioned image is input to the image display apparatus in Example 1.
[0499] As shown in Figure 58, each one-frame period T101 includes two sub frame periods T201 (first sub frame
period) and T202 (second sub frame period). Since the gradation level of the moving object and the gradation level of
the still background are both greater than 72.97%, the second sub frame period (A2) of the moving object and the
second sub frame period (B2) of the still background are displayed at the maximum luminance. The first sub frame
period (A1) of the moving object and the first sub frame period (B1) of the still background are displayed at different
luminance levels. Figure 59 shows the distribution in brightness of the image shown in Figure 58 which is viewed by
the observer's eye paying attention to the moving object. It is appreciated that the movement blur is alleviated as
compared to the case of the general conventional hold-type image display apparatus (Figure 57). As can be appreci-
ated, in Example 1, the maximum (luminance) insertion method provides improvements by a different operation prin-
ciple from that of the minimum (luminance) insertion system.
[0500] Figure 10 shows a luminance change in accordance with time of one horizontal line in a screen when an
object horizontally moves with a still background in the image display apparatus in Example 1. The object horizontally
moves with the still background as described in example 7 of Japanese Laid-Open Publication No. 2001-296841 (Fig-
ures 52 and 53).
[0501] In Figure 10, the horizontal axis represents the luminance state in the horizontal direction of the screen (the
position of the pixel portion in the horizontal direction), and the vertical axis represents the time. Figure 10 shows
images displayed on the screen in three frames.
[0502] In Figure 10, each one-frame period T101 includes two sub frame periods T201 (first sub frame period) and
T202 (second sub frame period). For the display portion B of the still background, the gradation level of the input image
signal is low. Therefore, in the first sub frame period T201, the display portion B is in a light-off state at the minimum
luminance of 0%. In the second sub frame period T202, the display portion B is in a light-on state at the luminance of
40% with an image signal of a gradation level which is increased or decreased in accordance with the gradation level
of the input image signal. For the display portion A of the moving object, the gradation level of the input image signal
is higher than a prescribed threshold. Therefore, in the first sub frame period T201, the display portion A is in a light-
on state at the luminance of 20% with an image signal of a gradation level which is increased or decreased in accordance
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with the gradation level of the input image signal. In the second sub frame period T202, the display portion A is in a
light-on state at the maximum luminance of 100%. The numerals with "%" represents the luminance level of the image
with respect to the maximum display ability of 100%. For example, the numeral surrounded by the dotted line for B1
represents the luminance of 0%.
[0503] Figure 11 shows the distribution in brightness of the image shown in Figure 10 which is viewed by the ob-
server's eye paying attention to the moving object.
[0504] Figure 11 shows that the shape of the line representing the luminance change is different between the left
end and the right end of the moving object as represented by the dotted circles. However, the drawback shown in
Figure 53 that there are portions which are brighter or darker than the original image is alleviated.
[0505] Next, a temperature correction function of the image display apparatus in Example 1 will be described.
[0506] The image display apparatus in Example 1 uses liquid crystal elements as the display elements 11a of the
display panel 10. The response speed of liquid crystal material is generally known to be lower in lower temperatures
and higher in higher temperatures. Under certain temperature conditions, the response speed of increasing the trans-
mittance with respect to a change in the gradation level may be different from the response speed of decreasing the
transmittance with respect to a change in the gradation level. Such a difference in response speed in accordance with
the temperature, and which response speed (i.e., the response speed of increasing or decreasing the transmittance)
is higher, depends on the using conditions of the liquid crystal materials.
[0507] In the case of the liquid crystal material used in Example 1, the response speed of increasing the transmittance
and the response speed of decreasing the transmittance are substantially the same when the temperature is high, and
the response speed of decreasing the transmittance becomes lower as the temperature is lowered. With such a liquid
crystal material, the luminance may be different under certain temperature conditions even when the same gradation
level of image signal is supplied to the image display apparatus which performs one frame of image display using time-
integrated luminance of the two sub frame periods.
[0508] Figure 12 shows a difference in luminance in accordance with the temperature conditions when the gradation
level of the image signal supplied to the display panel 10 used in Example 1 is not adjusted in accordance with the
temperature conditions. The left part shows the response speed of the liquid crystal material at a high temperature,
and the right part shows the response speed of the liquid crystal material at a low temperature. The thick lines represent
the gradation level. Both at the high temperature and the low temperature, the same gradation level of image signal
is input. The hatched areas represent the luminance which is changed in accordance with the response speed of the
liquid crystal material.
[0509] As described above, in the case of the liquid crystal material used in Example 1, the response speed of
decreasing the transmittance is lowered (i.e., the luminance is lowered) as the temperature is lowered. Accordingly,
at the low temperature shown in the right part of Figure 12, the luminance level is not sufficiently lowered in the first
sub frame period as compared to at the high temperature shown in the left part of Figure 12. As a result, the time-
integrated luminance is increased. Therefore, even when the same gradation level of input image signal is supplied at
the high temperature and the low temperature, the brightness perceived by the observer's eye is different. It is not
preferable for an image display apparatus that the brightness perceived by the observer's eye is different depending
on the temperature conditions. In order to solve this problem, the image display apparatus in Example 1 has a tem-
perature correction function as described below.
[0510] A temperature level signal which is output from the temperature sensor IC 20 provided in the vicinity of the
display panel 10 is input to the first gradation conversion circuit 44 and the second gradation conversion circuit 45. As
described above, the first gradation conversion circuit 44 and the second gradation conversion circuit 45 include look-
up tables. More specifically, the first gradation conversion circuit 44 and the second gradation conversion circuit 45
each include a plurality of look-up tables, and the look-up table used for gradation conversion is switched in accordance
with the temperature level signal from the temperature sensor IC 20.
[0511] Figure 13 shows a difference in luminance in accordance with the temperature conditions when the gradation
level of the image signal supplied to the display panel 10 used in Example 1 is adjusted in accordance with the tem-
perature conditions. The left part shows the response speed of the liquid crystal material at a high temperature, and
the right part shows the response speed of the liquid crystal material at a low temperature. The thick lines represent
the gradation level. The hatched areas represent the luminance which is changed in accordance with the response of
the liquid crystal material.
[0512] Owing to the above-described temperature correction function, at the low temperature shown in the right part
of Figure 13, a lower gradation level of image signal is input than at the high temperature shown in the left part of Figure
13. Thus, the luminance change caused by the delay in the response speed of the liquid crystal material at the low
temperature is made equivalent to the luminance change at the high temperature. In this manner, the brightness per-
ceived by the observer's eye can be maintained with respect to the same gradation level of image signal, regardless
of the temperature conditions.
[0513] As described above, according to Example 1 of the present invention, when an image of an object moving
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with a still background is displayed, the movement blur is alleviated while reducing the maximum value of time-inte-
grated luminance, which is the brightness perceived by the observer's eye, by only 25%, and without generating portions
which are abnormally brighter or abnormally darker than the original image. Thus, the quality of moving images of a
hold-type image display apparatus can be improved. In addition, the image can be displayed with gradation represen-
tation having a gamma luminance characteristic suitable to the input image signal. Even when the display panel 10
uses a liquid crystal material, the relationship between the gradation level of the input image signal and the brightness
perceived by the observer's eye can be maintained regardless of the temperature conditions.

(Example 2)

[0514] In Example 2 of the present invention, one frame of image display is performed by the sum of the time-
integrated values of luminance during the first and second sub frame periods of each one-frame period. An image
display apparatus in Example 2 includes display control section for performing image display control on an image
display portion in the two sub frame periods.
[0515] One of the two sub frame periods is referred to as the sub frame period α, and the other sub frame period is
referred to as the sub frame period β. Threshold levels, T1 and T2, of the gradation level in the two sub frame periods
are defined. The threshold level T2 is larger than the threshold level T1.
[0516] When the gradation level of the input image signal is equal to or less than the threshold level T1, an image
signal of a gradation level which is increased or decreased in accordance with the gradation level of the input image
signal is supplied to an image display section of the image display apparatus in the sub frame period α, and an image
signal of the minimum gradation level is supplied to the image display section in the sub frame period β.
[0517] When the gradation level of the input image signal is greater than the threshold level T1 and equal to or less
than the threshold level T2, an image signal of a gradation level which is increased or decreased in accordance with
the gradation level of the input image signal is supplied to the image display section in the sub frame period α, and an
image signal of a gradation level which is increased or decreased in accordance with the gradation level of the input
image signal and which is lower than the gradation level supplied in the sub frame period α is supplied to the image
display section in the sub frame period β.
[0518] When the gradation level of the input image signal is greater than the threshold level T2, an image signal of
the maximum gradation level is supplied to the image display section in the sub frame period α, and an image signal
of a gradation level which is increased or decreased in accordance with the gradation level of the input image signal
is supplied to the image display section in the sub frame period β.
[0519] For example, the luminance assumed for the input image signal is gradually changed as shown in Figure 14.
Figure 15 shows a luminance change in accordance with the time on one horizontal line in a screen when an object
with the luminance shown in Figure 14 horizontally moves with a still background in the image display apparatus in
Example 1. In Example 1, the luminance in the first sub frame period (T201) is fixed to 0% until the luminance assumed
for the input image signal reaches 50%. After the luminance assumed for the input image signal exceeds 50%, the
luminance in the first sub frame period increases in accordance with the luminance assumed for the input image signal.
The luminance in the second sub frame period (T202) increases in accordance with luminance assumed for the input
image signal until the luminance assumed for the input image signal reaches 50%. After the luminance assumed for
the input image signal exceeds 50%, the luminance in the second sub frame period is fixed to 100%.
[0520] Figure 16 shows the distribution in brightness of the image shown in Figure 15 which is viewed by the ob-
server's eye paying attention to the moving object.
[0521] As shown in Figure 16, discontinuity (represented by the dotted circle) appears in the luminance change which
should be smooth. Such discontinuity may be possibly viewed by the observer's eye as an abnormal portion such as
a pseudo profile or the like.
[0522] In Example 2, in order to suppress such an inconvenience, the gradation distribution in the first and second
sub frame periods is performed in a different manner from that in Example 1. Figure 17 illustrates the target luminance
levels in Example 2.
[0523] In Example 2, the threshold level T1 is defined as the gradation level when the assumed luminance is 25%,
and the threshold level T2 is defined as the gradation level when the assumed luminance is 75%. When the luminance
assumed for the input image signal is equal to or less than the threshold level T1 (25%), the image display is performed
at the minimum luminance level of 0% in the first sub frame period (the sub frame period β), and the image display is
performed at a luminance level which is increased or decreased in accordance with the gradation level of the input
image signal in the second sub frame period (the sub frame period α).
[0524] When the luminance assumed for the input image signal is greater than the threshold level T1 (25%) and
equal to or less than the threshold level T2 (75%), the image display is performed at the luminance level of 0% to 50%
in the first sub frame period (the sub frame period β), and the image display is performed at the luminance level of 50%
to 100% in the second sub frame period (the sub frame period α). The luminance level in the sub frame period β and
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the luminance level in the sub frame period α are determined in accordance with the gradation level of the input image
signal, and the difference between the luminance levels of the sub frame period β and the sub frame period α is
maintained at 50%. Regarding the relationship between the sub frame period β and the sub frame period α, the lumi-
nance levels thereof may be fixed, the difference between the gradation levels supplied may be fixed, or the ratio of
the gradation levels supplied may be fixed. The luminance levels of the sub frame period α and the sub frame period
β, or the gradation levels supplied in the sub frame period α and the sub frame period β, may be defined by some
function.
[0525] When the luminance assumed for the input image signal is greater than the threshold level T2 (75%), the
image display is performed at a luminance level which is increased or decreased in accordance with the gradation
level of the input image signal in the first sub frame period (the sub frame period β), and the image display is performed
at the maximum luminance level of 100% in the second sub frame period (the sub frame period α).
[0526] In Example 1, the target display luminance level for each of the first sub frame period and the second sub
frame period, when the luminance assumed for the input image signal is 25% or greater and less than 75%, is gradually
increased from the second sub frame period to the first sub frame period. By contrast, in Example 2, the target display
luminance is increased both in the second sub frame period and the first sub frame period. When the luminance as-
sumed for the input image signal is less than 25% or equal to or greater than 75%, Example 2 works in the same
manner as in Example 1.
[0527] As described above, Figure 17 illustrates the target luminance levels in Example 2. Comparing Figure 17 and
Figure 8 which illustrates the target luminance levels in Example 1, it is appreciated that the display luminance levels
in the first sub frame period and the second sub frame period are different between Example 1 and Example 2 when,
for example, the luminance assumed for the input image signal is 50%. In Example 1, the target display luminance is
increased to 100% in the second sub frame period and then increased from 0% in the first sub frame period. By contrast,
in Example 2, the target display luminance is increased from 50% to 100% in the second sub frame period while being
increased from 0% to 50% in the first sub frame period.
[0528] Next, the gradation level which is supplied in each sub frame period in order to maintain the above-described
target display luminance when the luminance assumed for the input image signal is 25% or greater and less than 75%
will be described.
[0529] In Example 2, like in Example 1, the display panel has a gamma luminance characteristic. The input image
signal also has a gamma luminance characteristic in consideration of the CRTs. For maintaining the difference between
the luminance level in the first sub frame period and the luminance level in the second sub frame period to 50%, the
relationship between the gradation level in the first sub frame period and the gradation level in the second sub frame
period is expressed as follows.

[0530] The relationship regarding the gradation level of the input image signal is the same as expression (2) described
in Example 1. Based on these expressions, Figure 18 shows the relationship between the gradation level of the input
image signal, the gradation levels supplied in the first sub frame period and the second sub frame period, and the time-
integrated luminance, i.e., the brightness perceived by the observer's eye. In Example 1, Figure 9 illustrates the rela-
tionship between the gradation level of the input image signal, the gradation levels supplied in the first sub frame period
and the second sub frame period, and the time-integrated luminance, i.e., the brightness perceived by the observer's
eye. Comparing Figure 18 and Figure 9, the difference between the gradation level supplied in the first sub frame
period and the gradation level supplied in the second sub frame period is smaller when the time-integrated luminance
is 50% in Example 2 than in Example 1.
[0531] Figure 19 shows a luminance change in accordance with time of one horizontal line in a screen when an
object with the luminance gradually changing as shown in Figure 14 horizontally moves with a still background in the
image display apparatus in Example 2. Paying attention to the portion B2 (assumed luminance: 40%) and the portion
B3 (assumed luminance: 60%), it is appreciated that the difference between the luminance in the first sub frame period
T201 and the second sub frame period T202 is 50%, unlike in Figure 15 (Example 1).
[0532] Figure 20 shows the distribution in brightness of the image shown in Figure 19 which is viewed by the ob-
server's eye paying attention to the moving object. It is appreciated that the discontinuity in the luminance change

(Gradation level of the second sub frame period/the maximum

gradation level)γ - (gradation level of the first sub frame

period/the maximum gradation level)γ = 0.5

(γ = 2.2) expression (3)
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(represented by the dotted circle in Figure 16) disappears (as represented by the dotted circle in Figure 20).
[0533] As described above, Example 2 of the present invention provides the effect of avoiding the phenomenon that
the observer views discontinuity in the luminance change even when an image of an object with the luminance gradually
changing as shown in Figure 14 horizontally moves while a still background is displayed, in addition to the effects
provided by Example 1.

(Example 3)

[0534] In Example 3 of the present invention, one frame of image display is performed by the sum of the time-
integrated values of luminance during the first and second sub frame periods. In Example 3, an image display apparatus
includes a display control section for performing image display control on an image display portion in the two sub frame
periods of one frame period.
[0535] One of the two sub frame periods is referred to as the sub frame period α, and the other sub frame period is
referred to as the sub frame period β. Threshold levels, T1 and T2, of the gradation level in the two sub frame periods
are defined. The threshold level T2 is larger than the threshold level T1. A gradation level (value) L is uniquely deter-
mined.
[0536] When the gradation level of the input image signal is equal to or less than the threshold level T1, an image
signal of a gradation level which is increased or decreased in accordance with the gradation level of the input image
signal is supplied to an image display section of the image display apparatus in the sub frame period α, and an image
signal of the minimum gradation level is supplied to the image display section in the sub frame period β.
[0537] When the gradation level of the input image signal is greater than the threshold level T1 and equal to or less
than the threshold level T2, an image signal of the gradation level L is supplied to the image display section in the sub
frame period α, and an image signal of a gradation level which is increased or decreased in accordance with the
gradation level of the input image signal is supplied to the image display section in the sub frame period β.
[0538] When the gradation level of the input image signal is greater than the threshold level T2, an image signal of
a gradation level which is increased or decreased in accordance with the gradation level of the input image signal is
supplied to the image display section in the sub frame period α, and an image signal of the maximum gradation level
is supplied to the image display section in the sub frame period β.
[0539] In Example 3, whether the luminance in the sub frame period α is higher or lower than the luminance in the
sub frame period β varies in accordance with the gradation level of the input image signal. Therefore, unlike in Example
1, the sub frame period which is assigned to the first sub frame period and the sub frame period which is assigned to
the second sub frame period cannot be determined by the relationship between the response speed to a luminance
switch from the minimum luminance level to the maximum luminance level and the response speed to a luminance
switch from the maximum luminance level to the maximum luminance level. Which sub frame period is assigned to the
first sub frame period and which sub frame period is assigned to the second sub frame period is preferably determined
in accordance with, for example, the other characteristics of the display panel, or the characteristics of the image
displayed. In this example, the sub frame pariod β is assigned to the first sub frame period, and the sub frame period
α is assigned to the second sub frame period.
[0540] Figure 21 illustrates the target luminance levels in Example 3.
[0541] In Example 3, as shown in Figure 21, the threshold level T1 is defined as the gradation level when the assumed
luminance is 25%, the threshold level T2 is defined as the gradation level when the assumed luminance is 75%, and
the prescribed gradation value L is defined as the gradation level when the assumed luminance is 50%.
[0542] When the luminance assumed for the input image signal is equal to or less than the threshold level T1, the
image display is performed at the minimum luminance level of 0% in the first sub frame period (the sub frame period
β), and the image display is performed at a luminance level which is increased or decreased in accordance with the
gradation level of the input image signal in the second sub frame period (the sub frame period α).
[0543] When the luminance assumed for the input image signal is greater than the threshold level T1 (25%) and
equal to or less than the threshold level T2 (75%), the image display is performed at the luminance level corresponding
to the gradation value L (50%) in the first sub frame period (the sub frame period β), and the image display is performed
at a luminance level which is increased or decreased in accordance with the gradation level of the input image signal
in the second sub frame period (the sub frame period α).
[0544] When the luminance assumed for the input image signal is greater than the threshold level T2 (75%), the
image display is performed at a luminance level which is increased or decreased in accordance with the gradation
level of the input image signal, and the image display is performed at the maximum luminance level of 100% in the
second sub frame period (the sub frame period α).
[0545] Figure 22 shows the gradation levels of the image signal supplied in the first sub frame period and the second
sub frame period in order to realize the target display luminance described above.
[0546] In Example 3, like in Example 1, the display panel has the gamma luminance characteristic represented by
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expression (1), and the input image signal is also generated in consideration of the gamma luminance characteristic
represented by expression (1).
[0547] Figure 23 shows a luminance change in accordance with time of one horizontal line in a screen when an
object horizontally moves with a still background in the image display apparatus in Example 3. The object horizontally
moves with the still background as described in example 7 of Japanese Laid-Open Publication No. 2001-296841 (Fig-
ures 52 and 53). The portion B of the still background is displayed at the same luminance as that of Figure 10 (Example
1). Regarding the potion A of the moving object, the luminance assumed for the input image signal exceeds 50%, and
therefore the luminance level in the second sub frame period (T202) is higher than the luminance level in the first sub
frame period (T201).
[0548] Figure 24 shows the distribution in brightness of the image shown in Figure 23 which is viewed by the ob-
server's eye paying attention to the moving object. It is appreciated that the discontinuity in the luminance change
(represented by the dotted circle in Figure 16) disappears (as represented by the dotted circle in Figure 20). Figure 24
exhibits the phenomenon that the shape of the line representing the luminance change is different between the left
end and the right end of the moving object as represented by the dotted circles. However, like in Example 1, the
drawback shown in Figure 53 that there are portions which are brighter or darker than the original image is alleviated.

(Example 4)

[0549] An image display apparatus in Example 4 of the present invention uses a display panel having different re-
sponse characteristics from those of the display panel in Example 1. For one of the two sub frame periods, an upper
limit is provided for the supplied gradation level, so that the movement blur is alleviated. For the sake of simplicity, the
display panel is represented also by reference numeral 10.
[0550] In the case of the display panel used in Example 4 of the present invention, the response speed to a luminance
switch from the maximum luminance level to the minimum luminance level is low, and the response is not completed
in one sub frame period. By contrast, the response speed to a luminance switch from the minimum luminance level to
the maximum luminance level is high, and the response is substantially completed in one sub frame period. Accordingly,
the sub frame period α is assigned to the first sub frame period, and the sub frame period β is assigned to the second
sub frame period.
[0551] The target luminance levels for the first sub frame period and the second sub frame period in Example 4 will
be described.
[0552] Figure 25 illustrates the target luminance levels in Example 4.
[0553] In Figure 25, the left part shows the luminance assumed for the input image signal. The middle part shows
the display luminance in each of the first sub frame period and the second sub frame period. The right part shows the
time-integrated luminance in the two sub frame periods of one frame period. This value is considered to match the
brightness actually perceived by the observer's eye. Here, the maximum possible value which can be obtained by time
integration of luminance of the display panel 10 is set to 100%. Figure 25 shows the luminance levels assumed for the
input image signal in consideration of the gamma luminance characteristic of 0%, 25%, 50%, 66.67%, 75% and 100%.
[0554] As shown in Figure 25, the luminance assumed for the input image signal of 2/3 (66.67%) of the maximum
luminance is set as the threshold level which is a reference for the gradation level of the image signal supplied in each
sub frame period. When the luminance assumed for the input image signal is 2/3 (66.67%) of the maximum luminance
or lees, the luminance in the first sub frame period is expressed as follows.

(prescribed ratio, i.e., multiplication value: 1.5).
[0555] Thus, the luminance in the first sub frame period is increased or decreased in accordance with the luminance
assumed for the input image signal. For example, when the luminance assumed for the input image signal is 25%, the
luminance in the first sub frame period is 25% 3 1.5 = 37.5%.
[0556] When the luminance assumed for the input image signal is greater than 2/3 (66.67%) of the maximum lumi-
nance, the luminance in the first sub frame period is maximum (100%). The maximum value of 100% is obtained by
multiplying the threshold level of 66.67% (2/3) by 1.5.
[0557] When the luminance assumed for the input image signal is 2/3 (66.67%) of the maximum luminance or less,
the luminance in the second sub frame period is minimum (0%).
[0558] When the luminance assumed for the input image signal is greater than 2/3 (66.67%) of the maximum lumi-
nance, the luminance in the second sub frame period is expressed as follows.

Luminance in the first sub frame period =

Luminance assumed for the input image signal 3 1.5
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(prescribed ratio, i.e., multiplication value: 1.5).
[0559] Thus, the luminance in the second sub frame period is increased or decreased in accordance with the lumi-
nance assumed for the input image signal. For example, when the luminance assumed for the input image signal is
75% (3/4), the luminance in the second sub frame period is (3/4 - 2/3) 3 1.5 = 12.5%.
[0560] In Example 4, in order to improve the quality of moving images, an upper limit L1 of the gradation level of the
image signal supplied in the first sub frame period and an upper limit L2 of the gradation level of the image signal
supplied in the second sub frame period are set to fulfill the relationship of L1 ≥ L2. In this example, the upper limit L1
for the first sub frame period is 100%, and the upper limit L2 for the second sub frame period is 50%.
[0561] Since the upper limit L2 for the second sub frame period is set to 50%, the maximum value of the brightness
perceived by the observer' s eye is reduced by 25%. However, even when the luminance for the input image signal is
maximum (100%), there is a difference in luminance between the first sub frame period and the second sub frame
period. Therefore, the movement blur is alleviated.
[0562] In Example 4, like in Example 1, the display panel and the luminance has the gamma luminance characteristic
represented by expression (1), and the input image signal is also generated in consideration of the gamma luminance
characteristic represented by expression (1). The gradation level of an input image signal and the display luminance
assumed for the gradation level have the relationship as represented by expression (1).
[0563] In Example 4, (a) the threshold level which is a reference for the gradation level of the image signal in each
sub frame period, and (b) the gradation level of the image signal supplied in each sub frame period after being increased
or decreased in accordance with the gradation level of the input image signal, are set such that the relationship between
the gradation level of the input image signal and the time-integrated luminance in one frame period exhibits an appro-
priate gamma luminance characteristic.
[0564] In Example 4, the time-integrated luminance in the two sub frame periods is considered to match the brightness
actually perceived by the observer's eye. Especially in Example 4, in order to alleviate the movement blur even when
the gradation level of the input image signal is high, the luminance level in the second sub frame period is restricted
to be half of or less than the maximum possible value of the display panel. In the following description, the luminance
level (time-integrated luminance in one frame period) which is 75% of the maximum possible value of the display panel
will be described as the maximum luminance level which can be provided by the image display apparatus in Example 4.
[0565] In this case, the gradation level of the input image signal, and the gradation level supplied in the first sub
frame period and the gradation level supplied in the second sub frame period, have the following relationship.

[0566] Figure 26 shows the relationship between the gradation level of the input image signal, and the gradation
level supplied in the first sub frame period and the gradation level supplied in the second sub frame period, which fulfills
expression (4).
[0567] In Figure 26, the left part shows the gradation level of the input image signal. The middle part shows the
gradation level which is supplied in each of the first sub frame period and the second sub frame period after being
converted from the gradation level of the input image signal. The right part shows the time-integrated luminance in the
two sub frame periods of one frame period. Figure 26 shows the time-integrated values of luminance of 0%, 25%, 50%,
75%, 83.2% and 100%.

Luminance in the second sub frame period =

(luminance assumed for the input image signal - 2/3) 3

1.5

(Gradation level of the input image signal/the maximum

gradation level)γ = {(the gradation level supplied in the

first sub frame period/the maximum gradation level)γ + (the

gradation level supplied in the second sub frame period/the

maximum gradation level)γ}/2 3 (1/0.75)

(γ = 2.2) expression 4)
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[0568] As shown in Figure 26, the luminance assumed for the input image signal of 83.2% is set as the threshold
level which is reference for the gradation level of the image signal supplied in each sub frame period. When the gradation
level of the input image signal is 83.2% or less, the gradation level of the image signal supplied in the first sub frame
period is increased or decreased in accordance with the luminance assumed for the input image signal so as to fulfill
expression (4). The gradation level of the image signal supplied in the second sub frame period is minimum (0%).
[0569] When the gradation level of the input image signal is greater than 83.2%, the gradation level of the image
signal supplied in the first sub frame period is maximum (100%). The gradation level of the image signal supplied in
the second sub frame period is increased or decreased in accordance with the luminance assumed for the input image
signal so as to fulfill expression (4).
[0570] The gradation level of the image signal supplied in the first sub frame period is obtained as a result of the
input image signal being temporarily stored in, and output from, the line buffer 41 and converted by the first gradation
conversion circuit 44 in the control LSI 40A. The gradation level of the image signal supplied in the second sub frame
period is obtained as a result of the input image signal being temporarily stored in, and output from, the frame memory
30 and converted by the second gradation conversion circuit 45 in the control LSI 40A.
[0571] When the converted gradation levels as shown in the middle part of Figure 26 are supplied, the image display
is performed in the first and second sub frame periods at the luminance in accordance with the gamma luminance
characteristic which is possessed by the source driver of the display panel 10, and represented by expression (1) and
shown in Figure 54.
[0572] As a result, the time-integrated luminance in the first and second sub frame periods of one frame period, as
shown in the right part of Figure 26, is perceived by the observer's eye as the brightness. This time-integrated luminance
reproduces the gamma luminance characteristic assumed for the input image signal as represented by expression (1)
and shown in Figure 54. It is understood that an appropriate gamma luminance characteristic is reproduced by the
image display apparatus and the image display method in Example 4.
[0573] For displaying an image of an object moving in the horizontal direction with a still background using the image
display apparatus and method in Example 4, when the gradation level of the input image signal is sufficiently low, the
minimum gradation level is supplied in the second sub frame period for both the display portion of the still background
and the display portion of the moving object. Therefore, as in the case of the image display apparatus which adopts
the minimum (luminance) insertion system shown in Figures 52 and 53, the movement blur is alleviated and the contrast
is enhanced to improve the quality of moving images.
[0574] Figure 27 shows a luminance change in accordance with time of one horizontal line in a screen when an
object horizontally moves with a still background in the image display apparatus in Example 4. The object horizontally
moves with the still background as described in example 7 of Japanese Laid-Open Publication No. 2001-296841 (Fig-
ures 52 and 53).
[0575] In Figure 27, the horizontal axis represents the luminance state in the horizontal direction of the screen (the
position of the pixel portion in the horizontal direction), and the vertical axis represents the time. Figure 27 shows
images displayed on the screen in three frames.
[0576] In Figure 27, each one-frame period T101 includes two sub frame periods T201 (first sub frame period) and
T202 (second sub frame period). For the display portion B of the still background, the gradation level of the input image
signal is low. Therefore, in the first sub frame period T201, the display portion B is in a light-on state at the luminance
of 40% with an image signal of a gradation level which is increased or decreased in accordance with the gradation
level of the input image signal. In the second sub frame period T202, the display portion B is in a light-off state at the
minimum luminance of 0%. For the display portion A of the moving object, the gradation level of the input image signal
is higher than a prescribed threshold. Therefore, in the first sub frame period T201, the display portion A is in a light-
on state at the maximum luminance of L00%. In the second sub frame period T202, the display portion A is in a light-
on state at the luminance of 20% with an image signal of a gradation level which is increased or decreased in accordance
with the gradation level of the input image signal. The numerals with "%" represent the luminance level of the image
with respect to the maximum display ability of 100%. For example, the numeral surrounded by the dotted line for B1
represents the luminance of 40%.
[0577] Figure 28 shows the distribution in brightness of the image shown in Figure 27 which is viewed by the ob-
server's eye paying attention to the moving object.
[0578] Figure 28 shows that the shape of the line representing the luminance change is different between the left
end and the right end of the moving object as represented by the dotted circles. However, the drawback shown in
Figure 53 that there are portions which are brighter or darker than the original image is alleviated.
[0579] Figure 30 shows a difference in luminance in accordance with the temperature conditions when the gradation
level of the image signal supplied to the display panel 10 used in Example 4 is adjusted in accordance with the tem-
perature conditions. The left part shows the response speed of the liquid crystal material at a high temperature, and
the left part shows the response speed of the liquid crystal material at a low temperature. The thick lines represent the
gradation level. The hatched areas represent the luminance which is changed in accordance with the response speed
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of the liquid crystal material.
[0580] Owing to the above-described temperature correction function, at the low temperature in the right part of
Figure 30, a lower gradation level of image signal is supplied than at the high temperature in the left part of Figure 30,
especially in the second sub frame period. Thus, a luminance change caused by the delay in the response of the liquid
crystal material at the low temperature is made equivalent to the luminance change at the high temperature. In this
manner, the brightness perceived by the observer's eye can be maintained with respect to the same gradation level
of image signal, regardless of the temperature conditions.
[0581] As described above, according to Example 4 of the present invention, when an image of an object moving
with a still background is displayed, the movement blur is alleviated while reducing the maximum value of time-inte-
grated luminance, which is the brightness perceived by the observer's eye, by only 25%, without generating portions
which are abnormally brighter or abnormally darker than the original image. Thus, the quality of moving images of a
hold-type image display apparatus can be improved. In addition, the image can be displayed with gradation represen-
tation having a gamma luminance characteristic suitable to the input image signal.

(Example 5)

[0582] In Example 5 of the present invention, an image display apparatus represents colors by supplying image
signals of separate gradation levels for the three primary colors of red, green and blue.
[0583] Figure 31 shows a luminance change in accordance with time of one horizontal line in a screen when an
object horizontally moves with a still background in the image display apparatus in Example 5 having substantially the
same structure as that of Example 1. The three colors of red, green and blue are displayed at separate levels of
luminance. For the still background, the luminance level of all the colors is 0%. For the moving object, the luminance
assumed for a red input image signal is 75%, and the luminance assumed for each of a green input image signal and
a blue input image signal is 50%.
[0584] As shown in Figure 31, the luminance assumed for the input image signal and the luminance levels in the
first and second sub frame periods have the relationships described above with reference to Figure 8, for each of red,
green and blue. Therefore, the portion A of the moving object is displayed at the luminance of 50% for red in the first
sub frame period and is displayed at the luminance of 100% for red, green and blue in the second sub frame period.
[0585] Paying attention to the dotted arrow representing the observer's eye following the moving object, it is appre-
ciated that an appropriate color is viewed in the central part of the object as in a still image, but only red is viewed at
the right end of the object and the left end of the object appears to be short of red. Since the luminance balance of the
three colors is destroyed, abnormal colors may be viewed.
[0586] The reason is that the red input image signal has a high gradation level and is displayed in the first and second
sub frame periods, whereas the green and blue input image signals have a low gradation level and are displayed only
in the first sub frame period. This results in the time-wise center of gravity being different between red and the other
two colors.
[0587] In order to avoid such a phenomenon, in Example 5, the gradation levels of image signals supplied in the first
sub frame period and the second sub frame period are controlled regarding the two colors other than the color having
the highest gradation level of input image signal.
[0588] This is specifically performed as follows. Regarding the color having the highest gradation level of input image
signal among the three colors, an image signal having the maximum gradation level, or an image signal of a gradation
level which is increased or decreased in accordance with the gradation level of the input image signal, is supplied in
the second sub frame period. In the first sub frame period, an image signal having the minimum gradation level, or an
image signal of a gradation level which is increased or decreased in accordance with the gradation level of the input
image signal, is supplied, as in Example 1. Regarding each of the other two colors, the gradation levels are set such
that the ratio between the luminance level displayed in the first sub frame period and the luminance level displayed in
the second sub frame period is equal to the ratio, of the color having the highest gradation level of input image signal,
between the luminance level displayed in the first sub frame period and the luminance level displayed in the second
sub frame period. The image signal is supplied to each sub frame period at each obtained gradation level.
[0589] In Example 5, the time flow of the image signal and the method for driving the display panel 10 are substantially
the same as those of Example 1, and will not be repeated. Hereinafter, a method for converting the gradation level of
the colors other than the color having the highest gradation level of input image signal, using the first gradation level
conversion circuit 44 and the second gradation level conversion circuit 45, will be described as a difference from the
method of Example 1.
[0590] The display panel 10 used in Example 5 has the following gamma luminance characteristic as in Example 1.
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(where the maximum value of the display luminance is "1" and the minimum value of the display luminance is "0").
[0591] For a pixel portion in a frame, the ratio between the gradation level of image signal, of the color having the
highest gradation level of input image signal, supplied in the first sub frame period and the maximum gradation level
is X1. The ratio between the gradation level of image signal of that color supplied in the second sub frame period and
the maximum gradation level is X2.

X1 = gradation level in the first sub frame period/the maximum gradation level
X2 = gradation level in the second sub frame period/the maximum gradation level

[0592] The display luminance in each sub frame period is as follows due to the gamma luminance characteristic.

[0593] Similarly, the ratio between the gradation level of image signal, of a color other than the color having the
highest gradation level of input image signal, supplied in the first sub frame period and the maximum gradation level
is Y1. The ratio between the gradation level of image signal of that color supplied in the second sub frame period and
the maximum gradation level is Y2.

Y1 = gradation level in the first sub frame period/the maximum gradation level
Y2 = gradation level in the second sub frame period/the maximum gradation level

[0594] The display luminance in each sub frame period is as follows due to the gamma luminance characteristic.

[0595] In Example 5, as described above, the ratio between the luminance level displayed in the first sub frame
period and the luminance level displayed in the second sub frame period of a color other than the color having the
highest gradation level of input image signal is equal to the ratio between the luminance level displayed in the first sub
frame period and the luminance level displayed in the second sub frame period of the color having the highest gradation
level of input image signal.
[0596] Therefore, the following relationship is obtained.

[0597] Where the gradation level of the input image signal of a color other than the color having the maximum gra-
dation level of input image signal is Y, the following expression needs to be fulfilled in order to provide an appropriate
gamma luminance characteristic to the relationship between the gradation level of input image signal and the time-
integrated luminance of one frame period, as described in Example 4.

[0598] From expressions (5) and (6),

Display luminance = (gradation level of the input image signal/the maximum gradation level)γ (γ = 2.2)

expression (1)

Display luminance in the first sub frame period = X1
γ

Display luminance in the second sub frame period = X2
γ

Display luminance in the first sub frame period = Y1
γ

Display luminance in the second sub frame period = Y2
γ

Y1
γ : Y2

γ = X1
γ : X2

γ expression (5)

Yγ = ( Y1
γ + Y2

γ)/2 expression (6)
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[0599] Accordingly, the output gradation level of a color other than the color having the highest gradation level of
input image signal is determined by performing the calculation in accordance with expressions (7) and (8) using the
first gradation conversion circuit 44 and the second gradation conversion circuit 45 in the controller LSI 40A.
[0600] Figure 32 shows a luminance change in accordance with time of one horizontal line in a screen when an
object horizontally moves with a still background in the image display apparatus in Example 5. For the still background,
the luminance level of all the colors is 0%. For the moving object, the luminance assumed for a red input image signal
is 75%, and the luminance assumed for each of a green input image signal and a blue input image signal is 50% as
in Figure 31.
[0601] As shown in Figure 32, unlike in Figure 31, the luminance ratio among red, green and blue is maintained at
an appropriate value in each sub frame period. Therefore, the phenomenon that abnormal colors appear by the lumi-
nance balance of the three colors being destroyed at the ends of the moving object does not occur.

(Example 6)

[0602] In Example 6 of the present invention, one frame of image display is performed by the sum of time-integrated
values of luminance during two sub frame periods (i.e., the first sub frame period and the second sub frame period).
Based on two frames of image continuously input, an image in an intermediate state in terms of time is generated
through estimation. When the gradation level of the input image signal is equal to or less than a threshold level uniquely
determined, an image signal of a gradation level which is increased or decreased in accordance with the gradation
level of the input image signal is supplied in one of the sub frame period uniquely defined (for example, the first sub
frame period). When the gradation level of the input image signal is greater than the threshold level, an image signal
of the maximum gradation level is supplied also in one of the sub frame periods uniquely defined (for example, the first
sub frame period). When the gradation level of the image signal in the intermediate state is equal to or less than the
threshold level, an image signal of the minimum gradation level is supplied in the other sub frame period (for example,
the second sub frame period). When the gradation level of the image signal in the intermediate state is greater than
the threshold level, an image signal of a gradation level which is increased or decreased in accordance with the gra-
dation level of the image signal in the intermediate state is supplied also in the other sub frame period (for example,
the second sub frame period).
[0603] Figure 33 is a block diagram of a structure of a controller LSI 40 (as the display control section; shown in
Figure 1) in Example 6. In Example 6, the controller LSI 40 is represented by reference numeral 40B.
[0604] As shown in Figure 33, the controller LSI 40B includes a single line buffer 41a (line data memory section), a
timing controller 42 (timing control section), a frame memory data selector 43 (frame memory data selection section),
a first gradation conversion circuit 44 (first gradation conversion section), a second gradation conversion circuit 45
(second gradation conversion section), an output data selector 46 (output data selection section), a first multiple line
buffer 47 (first multiple line data memory section), a second multiple line buffer 48 (second multiple line data memory
section), a buffer data selector 49 (temporary memory data selection section), and an intermediate image generation
circuit 50 (intermediate image generation section).
[0605] The single line buffer 41a receives the input image signal horizontal line by horizontal line, and temporarily
stores the input image signal. The single line buffer 41a includes a receiving port and a sending port independently,
and therefore can receive and send signals simultaneously.
[0606] The frame memory data selector 43 is controlled by the timing controller 42 to transfer the input image signal
stored in the single line buffer 41a to the frame memory 30, horizontal line by horizontal line. Thus, the input image
signal is transferred to the frame memory 30 within one frame period. The frame memory 30 cannot simultaneously
send and receive data. Therefore, the timing controller 42 switches the frame memory data selector 43 (timing control)
such that data is read from the frame memory 30 while the input image signal is not transferred to the frame memory
30. More specifically, an input image signal which was read one frame period before and has been stored in the frame
memory 30 is read horizontal line by horizontal line, and is transferred to the first multiple line buffer 47. In parallel to
this, and in a time division manner, an input image signal which was read two frame periods before and has been
stored in the frame memory 30 is read horizontal line by horizontal line, and is transferred to the second multiple line
buffer 48.
[0607] The intermediate image generation circuit 50 compares the image signals stored in the first multiple line buffer
47 and the second multiple line buffer 48, so as to estimate and generate an image signal in an intermediate state in

Y1 = Y·{2X1
γ/(X1

γ + X2
γ)}1/γ expression (7)

Y2 = Y·{2X2
γ/(X1

γ + X2
γ)}1/γ expression (8)
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terms of time between the image signal which was input one frame period before and the image signal which was input
two frame periods before.
[0608] The first multiple line buffer 47 and the second multiple line buffer 48 can store several tens of horizontal lines
of image signal. The intermediate image generation circuit 50 compares the above-mentioned two image signals by
the range of the number of pixel portions in the horizontal direction 3 several tens of horizontal lines, in order to generate
an image signal in an intermediate state in terms of time. Such an image signal is generated, for example, as follows.
From the image signal which was input two frame periods before, one partial area is picked up. A sum of the gradation
levels of pixel portions in this partial area is obtained. A partial area having the same shape is found from the image
signal which was input one frame period before, such that the difference between (a) the sum of the gradation levels
of the pixel portions in the partial area of the image signal which was input two frame periods before, and (b) the sum
of the gradation levels of the pixel portions in the partial area of the image signal which was input one frame period
before, is minimum. The partial area found from the image signal which was input one frame period before is estimated
as the transfer destination of the partial area of the image signal which was input two frame periods before. An image
signal is obtained by moving the partial area of the image signal which was input two frame periods before, by half the
distance of transfer. In this manner, an image signal in an intermediate state in terms of time is generated. The method
will not be described in more detail since Example 6 is not provided to specify the method for generating such an image
signal. With such a method for generating an image signal in an intermediate state in terms of time, it is not easy to
generate an image with completely accurate interpolation. Therefore, inaccurate display may occur in some of the pixel
portions due to interpolation errors.
[0609] The image signal generated by the intermediate image generation circuit 50 is sequentially transferred to the
second gradation conversion circuit 45.
[0610] The image signal which was input one frame period before and is held in the first multiple line buffer 47 and
the image signal which was input two frame periods before and is held in the second multiple line buffer 48 are also
transferred to the buffer data selector 49.
[0611] The buffer data selector 49 is controlled by the timing controller 42 to select the image signal which was input
one frame period before and is supplied from the first multiple line buffer 47 or the image signal which was input two
frame periods before and is supplied from the second multiple line buffer 48, in accordance with the display timing.
The selected image signal is transferred to the first gradation conversion circuit 44.
[0612] The first gradation conversion circuit 44 converts the gradation level of the input image signal supplied from
the buffer data selector 49 to the maximum gradation level or a gradation level which is increased or decreased in
accordance with the gradation level of the input image signal, like in Example 4.
[0613] The second gradation conversion circuit 45 converts the gradation level of the image signal supplied from the
intermediate image generation circuit 50 to the minimum gradation level or a gradation level which is increased or
decreased in accordance with the gradation level of the input image signal, like in Example 4.
[0614] The output data selector 46 is controlled by the timing controller 42 to select the image signal which is output
from the first gradation conversion circuit 44 and to output the image signal as the panel image signal in the first sub
frame period, or to select the image signal which is output from the second gradation conversion circuit 45 and to
output the image signal as the panel image signal in the second sub frame period.
[0615] An operation of an image display apparatus in Example 6 including the controller LSI 40B having the above-
described structure will be described.
[0616] Figure 34 is a timing diagram of signals in the image display apparatus in Example 6 by horizontal periods.
[0617] In Figure 34, each rectangular block represents a transfer period of one frame of image signal. The letters in
the rectangular blocks, for example, "N" and "N+1" each represent which frame of image signal is being transferred.
Ci[f] in the rectangular blocks of the panel image signal represents a signal obtained by converting the input image
signal for the f'th frame by the i'th gradation conversion circuit (the first gradation conversion circuit 44 or the second
gradation conversion circuit 45). The brackets with a comma ([ , ]) represents an image signal in an intermediate state
between the two frames in terms of time. For example. C2[N-1, N] represents that a signal obtained by converting an
image signal in an intermediate state between the (N-1) ' th frame and the N' th state by the second gradation conversion
circuit 45 is being transferred.
[0618] Regarding the frame memory 30, the hatched areas represent a period in which signals are written, and the
white areas represent a period in which signals are read. Since the frame memory 30 cannot simultaneously read and
write data, data read and data write are performed in a time division manner.
[0619] As shown in Figure 34, in Example 6, a period in which one frame period of image signal is input includes
two sub frame periods (first and second sub frame periods). In the first sub frame period, an image signal obtained by
converting the image signal which was input two frame periods before using the first gradation conversion circuit 44
is output. In the second sub frame period, an image signal obtained by converting, by the second gradation conversion
circuit 45, the image signal in an intermediate state in terms of time between the image signal which was input one
frame period before and the image signal which was input two frame periods before is output.
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[0620] In Example 6, the display panel 10 is driven by a different method from that of Example 1 shown in Figures
3 and 4. Example 6 adopts a general method of sequentially transferring the image signal, horizontal line by horizontal
line, from the uppermost line on the screen.
[0621] Figure 35 shows how the image signal on the screen is rewritten in the image display apparatus 6 in Example
6. Specifically, Figure 35 shows how the image signal is rewritten in the period in which the image signal for the N'th
frame and the (N+1)'th frame is input.
[0622] In Figure 35, the oblique arrows represent the vertical position and the timing at which one horizontal line of
image signal is rewritten. Ci[f] represents that the image signal for the f'th frame is displayed by an image signal con-
verted using the i'th gradation conversion circuit (the first gradation conversion circuit 44 or the second gradation
conversion circuit 45). The brackets with a comma ([ , ]) represents an image signal in an intermediate state between
the two frames in terms of time. The image display information is retained until the image signal for the same line is
rewritten. In Figure 35, the white areas represent the positions where the image display information converted by the
first gradation conversion circuit 44 is retained, and the hatched areas represent the positions where the image display
information converted by the second gradation conversion circuit 45 is retained. The dotted lines represent the borders
between the first through fourth gate drivers 14a through 14d which are driven.
[0623] Paying attention to a vertical position of one horizontal line on the screen, the following is appreciated: during
a half of one frame, image display is performed by an image signal obtained by converting the image signal which was
input two frame periods before using the first gradation conversion circuit 44; and during the next half of the frame,
image display is performed by an image signal obtained by converting, by the second gradation conversion circuit 45,
the image signal in an intermediate state in terms of time between the image signal which was input one frame period
before and the image signal which was input two frame periods before. The first half of the frame is referred to as the
first sub frame period, and the second half of the frame is referred to as the second sub frame period.
[0624] Figure 36 shows a luminance change in accordance with time of one horizontal line in a screen when an
object horizontally moves with a still background in the image display apparatus in Example 6. The display luminance
levels of the moving object and the still background are the same as those in Figure 27 (Example 4).
[0625] In Figure 36, the horizontal axis represents the luminance state in the horizontal direction of the screen (the
position of the pixel portion in the horizontal direction), and the vertical axis represents the time. Figure 36 shows
images displayed on the screen in three frames.
[0626] In Figure 36, each one-frame period T101 includes two sub frame periods T201 (first sub frame period) and
T202 (second sub frame period). For the display portion B of the still background, the gradation level of the input image
signal is low. Therefore, in the first sub frame period T201, the display portion B is in a light-on state at the luminance
of 40% with an image signal of a gradation level which is increased or decreased at a prescribed ratio in accordance
with the gradation of the input image signal. In the second sub frame period T202, the display portion B is in a light-
off state at the minimum luminance of 0%. For the display portion A of the moving object, the gradation level of the
input image signal is sufficiently high. Therefore, in the first sub frame period T201, the display portion A is in a light-
on state at the luminance of 100%. In the second sub frame period T202, the display portion A is in a light-on state at
the luminance of 20% with an image signal of a gradation level which is increased or decreased at a prescribed ratio
in accordance with the gradation level of an image signal in an intermediate state in terms of time (generated by
estimation). The numerals with "%" represent the luminance level of the image with respect to the maximum display
ability of 100%. For example, the numeral surrounded by the dotted line for B1 represents the luminance of 40%.
[0627] The image displayed in the second sub frame period is generated based on an image in an intermediate state
in terms of time between image signals which were previously input. Therefore, the moving object is displayed at a
position which is on the line followed by the observer's eye which is paying attention to the moving object.
[0628] Figure 37 shows the distribution in brightness of the image shown in Figure 36 which is viewed by the ob-
server's eye paying attention to the moving object.
[0629] The display portion A of the moving object is on the line followed by the observer's eye in the image displayed
in the second sub frame period. Therefore, it is easy for the observer to recognize the border between the still back-
ground and the moving object. As a result, the width of the movement blur is smaller than in the case of the general
conventional hold-type image display apparatus shown in Figure 49. The width of the movement blur is even smaller
than in the case of the image display apparatus in Example 4 shown in Figure 28. The phenomenon shown in Figure
53 that there are portions which are brighter or darker than the original image does not occur.
[0630] In the case where an image signal in as intermediate state is estimated and generated based on two frames
of image signals, inaccurate display may occur at some of the pixel portion due to interpolation errors. Such inaccurate
display can be made inconspicuous by assigning the image signal in the intermediate state in terms of time to the
second sub frame period, in which the conversion is performed to a relatively low gradation level, and assigning an
image signal externally input to the first sub frame period, in which the conversion is performed to a relatively high
gradation level.
[0631] In Example 6, as in Example 4, the upper limit L1 of the gradation level of the image signal supplied in one
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of the sub frame periods and the upper limit L2 of the gradation level of the image signal supplied in the other sub
frame period are set to fulfill the relationship of L1 ≥ L2. By such setting, even when the luminance assumed for the
input image signal is maximum, a luminance difference equal to or greater than a prescribed value can be provided
between the first sub frame period and the second sub frame period. Therefore, the movement blur can be alleviated.
[0632] In Example 6, (a) the threshold level which is a reference for the gradation level of the image signal in each
sub frame period, and (b) the gradation level of the image signal supplied in each sub frame period after being increased
or decreased in accordance with the gradation level of the input image signal, can be set such that the relationship
between the gradation level of the input image signal and the time-integrated value of luminance in one frame period
exhibits an appropriate gamma luminance characteristic. By such setting, images can be displayed with gradation
representation having a gamma luminance characteristic suitable to the input image signal.
[0633] In Example 6, (a) the threshold level which is a reference for the gradation level of the image signal in each
sub frame period, and (b) the gradation level of the image signal supplied in each sub frame period after being increased
or decreased (for example, by multiplication with a prescribed value) in accordance with the gradation level of the input
image signal, can be set in accordance with the temperature level signal from the temperature sensor IC 20 for detecting
the temperature of the display panel 10 or the temperature in the vicinity thereof. By such setting, even when the display
panel 10 uses a liquid crystal material, the relationship between the gradation level of the input image signal and the
brightness perceived by the observer's eye can be maintained regardless of the temperature conditions.
[0634] In Example 6, in the case where an input image signal has a plurality of color components, the gradation
levels of the image signals supplied in each sub frame period can be set as follows. Regarding each of the two colors
(for example, green and blue) other than the color having the highest gradation level of input image signal (for example,
red), the gradation levels are set such that the ratio between the luminance level displayed in the first sub frame period
and the luminance level displayed in the second sub frame period is equal to the ratio, of the color having the highest
gradation level of input image signal, between the luminance level displayed in the first sub frame period and the
luminance level displayed in the second sub frame period. With such setting, the luminance ratio among the colors is
maintained at an appropriate value, and deterioration in image quality due to inaccurate color balance can be prevented.

(Example 7)

[0635] In Example 7 of the present invention, one frame of image display is performed by the sum of time-integrated
values of luminance during two sub frame periods (i.e., the first sub frame period and the second sub frame period).
[0636] When the gradation level of the input image signal is equal to or less than a threshold level uniquely deter-
mined, an image signal of a gradation level which is increased or decreased in accordance with the gradation level of
the input image signal is supplied in one of the sub frame periods uniquely defined (for example, the first sub frame
period).
[0637] When the gradation level of the input image signal is greater than the threshold level, an image signal of the
maximum gradation level is supplied also in one of the sub frame periods uniquely defined (for example, the first sub
frame period).
[0638] When an average value of the gradation level of the image signal in the current frame period and the gradation
level of an image signal input one frame before or one frame after is equal to or less than the threshold level, an image
signal of the minimum gradation level is supplied in the other sub frame period (for example, the second sub frame
period).
[0639] When such an average value is greater than the threshold level, an image signal of a gradation level which
is increased or decreased in accordance with the average value is supplied also in the other sub frame period (for
example, the second sub frame period).
[0640] Figure 38 is a block diagram of a structure of a controller LSI 40 (as the display control section; shown in
Figure 1) in Example 7. In Example 7, the controller LSI 40 is represented by reference numeral 40C.
[0641] As shown in Figure 38, the controller LSI 40C includes a gradation level averaging circuit 51 (gradation level
averaging section) instead of the intermediate image generation circuit 50 in Figure 33 (Example 6). The gradation
level averaging circuit 51 adds the gradation levels of the two image signals respectively stored in the first multiple line
buffer 47 and the second multiple line buffer 48, and divides the sum by 2, so as to calculate an average value of the
gradation levels of the two image signals. The obtained average value is supplied to the second gradation conversion
circuit 45.
[0642] The controller LSI 40C operates in substantially the same manner as the controller LSI 40B in Example 6.
[0643] The frame-by-frame flow of the signals in Example 7 is as shown in Figure 34, like in Example 6. It should be
noted, though, that in Example 7, the brackets with a comma ([ , ]) represents an image signal obtained by an average
value of the two frames of image signals.
[0644] In this manner, in the first sub frame period, an image signal obtained by converting an image signal input
already input by the first gradation conversion circuit 44 is output; and in the second sub frame period, an image signal
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obtained by converting, by the second gradation conversion circuit 45, an average value of two frames of image signals
which were input successively, is output.
[0645] Figure 39 shows a luminance change in accordance with time of one horizontal line in a screen when an
object horizontally moves with a still background in an image display apparatus in Example 7. The display luminance
levels of the moving object and the still background are the same as those in Figure 27 (Example 4).
[0646] In Figure 39, the horizontal axis represents the luminance state in the horizontal direction of the screen (the
position of the pixel portion in the horizontal direction), and the vertical axis represents the time. Figure 39 shows
images displayed on the screen in three frames.
[0647] In Figure 39, each one-frame period T101 includes two sub frame periods T201 (first sub frame period) and
T202 (second sub frame period). For the display portion B of the still background, the gradation level of the input image
signal is low. Therefore, in the first sub frame period T201, the display portion B is in a light-on state at the luminance
of 40% with an image signal of a gradation level which is increased or decreased in accordance with the gradation of
the input image signal. In the second sub frame period T202, the display portion B is in a light-off state at the minimum
luminance of 0%. For the display portion A of the moving object, the gradation level of the input image signal and the
average value of the gradation values of the two frames of image signals successively input are sufficiently high.
Therefore, in the first sub frame period T201, the display portion A is in a light-on state at the luminance of 100%. In
the second sub frame period T202, the display portion A is in a light-on state at the luminance of 10%, 20% and then
10% with an image signal of a gradation level which is increased or decreased in accordance with the average value
of the gradation levels of the two frames of image signal which are successively input. The period in which the luminance
is 10% is the period in which the gradation level as an average value of the gradation level of the moving object and
the gradation level of the still background is converted by the second gradation conversion circuit 45. The numerals
with "%" represent the luminance level of the image with respect to the maximum display ability of 100%. For example,
the numeral surrounded by the dotted line for C represents the luminance of 40%.
[0648] According to such setting, when the gradation level of the input image signal is sufficiently low, an image
signal of the minimum gradation level is supplied in the second sub frame period both for the display portion A of the
moving object and the display portion B of the still background. Therefore, the quality of moving images can be improved
(as in the image display apparatus which adopts the minimum (luminance) insertion system shown in Figures 50 and
51).
[0649] Figure 40 shows the distribution in brightness of the image shown in Figure 39 which is viewed by the ob-
server's eye paying attention to the moving object.
[0650] The phenomenon shown in Figure 28 (Example 4) that the shape of the line representing the luminance
change is different between the left end and the right end of the moving object as represented by the dotted circles
disappears. The drawback shown in Figure 53 that there are portions which are brighter or darker than the original
image is solved.
[0651] In Example 7, the upper limit L1 of the gradation level of the image signal supplied in one of the sub frame
periods and the upper limit L2 of the gradation level of the image signal supplied in the other sub frame period are set
to fulfill the relationship of L1 ≥ L2. By such setting, even when the luminance assumed for the input image signal is
maximum, a luminance difference equal to or greater than a prescribed value can be provided between the first sub
frame period and the second sub frame period. Therefore, the movement blur can be alleviated.
[0652] In Example 7, (a) the threshold level which is a reference for the gradation level of the image signal in each
sub frame period, and (b) the gradation level of the image signal supplied in each sub frame period after being increased
or decreased in accordance with the gradation level of the input image signal, can be set such that the relationship
between the gradation level of the input image signal and the time-integrated value of the display luminance in one
frame period exhibits an appropriate gamma luminance characteristic. By such setting, images can be displayed with
gradation representation having a gamma luminance characteristic suitable to the input image signal.
[0653] In Example 7, (a) the threshold level which is a reference for the gradation level of the image signal in each
sub frame period, and (b) the gradation level of the image signal supplied in each sub frame period after being increased
or decreased (for example, by multiplication with a prescribed value) in accordance with the gradation level of the input
image signal, can be set in accordance with the temperature level signal from the temperature sensor IC 20 for detecting
the temperature of the display panel 10 or the temperature in the vicinity thereof. By such setting, even when the display
panel 10 uses a liquid crystal material, the relationship between the gradation level of the input image signal and the
brightness perceived by the observer's eye can be maintained regardless of the temperature conditions.
[0654] In Example 7 , in the case where an input image signal has a plurality of color components, the gradation
levels of the image signals supplied in each sub frame period can be set as follows. Regarding each of the two colors
(for example, green and blue) other than the color having the highest gradation level of input image signal (for example,
red), the gradation levels are set such that the ratio between the luminance level displayed in the first sub frame period
and the luminance level displayed in the second sub frame period is equal to the ratio, of the color having the highest
gradation level of input image signal, between the luminance level displayed in the first sub frame period and the
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luminance level displayed in the second sub frame period. With such setting, the luminance ratio among the colors is
maintained at an appropriate value, and deterioration in image quality due to inaccurate color balance can be prevented.

(Example 8)

[0655] In Example 8 of the present invention, one frame of image display is performed by the sum of time-integrated
values of luminance during three sub frame periods. In a sub frame period which is at the center of one frame period
in terms of time (center sub frame period), an image signal of the maximum gradation level or an image signal of a
gradation level which is increased or decreased in accordance with the gradation level of the input image signal is
supplied. In each of a sub frame period before the center sub frame period and a sub frame period after the center
sub frame period, an image signal of the minimum gradation level or an image signal of a gradation level which is
increased or decreased in accordance with the gradation level of the input image signal is supplied. The center of one
frame period in terms of time will also be referred to as the "time-wise center".
[0656] Figure 41 is a block diagram of a structure of a controller LSI 40 (as the display control section; shown in
Figure 1) in Example 8. In Example 8, the controller LSI 40 is represented by reference numeral 40D.
[0657] As shown in Figure 41, the controller LSI 40D includes a line buffer 41 (line data memory section), a timing
controller 42 (timing control section), a frame memory data selector 43 (frame memory data selection section), a gra-
dation conversion source selector 52 (gradation conversion source selection section), a first gradation conversion
circuit 44 (first gradation conversion section), a second gradation conversion circuit 45 (second gradation conversion
section), and an output data selector 46 (output data selection section).
[0658] The line buffer 41 receives the input image signal horizontal line by horizontal line, and temporarily stores the
input image signal. The line buffer 41 includes a receiving port and a sending port independently, and therefore can
receive and send signals simultaneously.
[0659] The frame memory data selector 43 is controlled by the timing controller 42 to transfer the input image signal
stored in the line buffer 41 to the frame memory 30, horizontal line by horizontal line. The input image signal stored in
the line buffer 41 is also transferred to the gradation conversion source selector 52.
[0660] Alternately with the data transfer to the frame memory 30, the timing controller 42 reads an image signal
which was stored before and has been stored in the frame memory 30 from two vertical positions on the screen,
horizontal line by horizontal line. Then, the timing controller 42 switches the frame memory data selector 43 such that
the read image signal is transferred to the first gradation conversion circuit 44 and the gradation conversion source
selector 52. At this point, an image signal which is 1/4 frame before is read from the frame memory 30 and transferred
to the first gradation conversion circuit 44, and an image signal which is 3/4 frame before is read from the frame memory
30 and is transferred to the gradation conversion source selector 52.
[0661] The gradation conversion source selector 52 is controlled by the timing controller 42 to select the image signal
from the line buffer 41 or the image signal which is 3/4 frame before from the frame memory data selector 43 in ac-
cordance with the display timing. The gradation conversion source selector 52 transfers the selected image signal to
the second gradation conversion circuit 45.
[0662] The first gradation conversion circuit 44 converts the gradation level of the image signal which is 1/4 frame
before, which is supplied from the frame memory data selector 43, to the maximum gradation level or a gradation level
which is increased or decreased in accordance with the gradation level of the input image signal (like in Example 4).
[0663] The second gradation conversion circuit 45 converts the gradation level of the image signal which is 3/4 frame
before, which is supplied from the gradation conversion source selector 52, to the minimum gradation level or a gra-
dation level which is increased or decreased in accordance with the gradation level of the input image signal (like in
Example 4).
[0664] The output data selector 46 is controlled by the timing controller 42 to select the image signal from the first
gradation conversion circuit 44 or the image signal from the second gradation conversion circuit 45 in accordance with
the display timing. The output data selector 46 sends the selected image signal to the image display section as a panel
image signal.
[0665] An operation of an image display apparatus in Example 8 including the controller LSI 40D having the above-
described structure will be described.
[0666] Figure 42 is a timing diagram of signals in the image display apparatus in Example 8 by horizontal periods.
In Figure 42, an image signal is input for the first horizontal line through the third horizontal line of the Nth frame.
[0667] In Figure 42, each rectangular block represents a transfer period of one frame of image signal. The letters in
brackets ([]) represent the frame and the horizontal line in which the image signal which is being transferred was input.
For example, [f, 1] represents that an image signal which was in the first horizontal line of the f'th frame is being
transferred. [N, 2] represents that an image signal which was input in the second horizontal line of the N'th frame is
being transferred. The Mist line is a horizontal line which is 1/4 of the screen away from the first horizontal line on the
screen in the vertical direction. In Example 8, the M1st line is the horizontal line which is driven by the first gate voltage
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line of the second gate driver 14b. The M2nd line is a horizontal line which is 3/4 of the screen away from the first
horizontal line on the screen in the vertical direction. In Example 8, the M2nd line is the horizontal line which is driven
by the first gate voltage line of the fourth gate driver 14d. "C1" represents that an image signal converted by the first
gradation conversion circuit 44 from the input image signal which was input in the frame and horizontal line shown in
the immediately subsequent bracket ([]) is being transferred. "C2" represents that an image signal converted by the
second gradation conversion circuit 45 from the input image signal which was input in the frame and horizontal line
shown in the immediately subsequent bracket ([]) is being transferred.
[0668] In operation, an input image signal is first received by the line buffer 41, horizontal line by horizontal line, as
represented by arrow D1 in Figure 42.
[0669] In parallel with this, as shown by arrow D3, one horizontal line image signal which was stored in the frame
memory 30 1/4 of the screen before, in the vertical direction, from the image signal which is currently input is read from
the frame memory 30 and supplied to the first gradation conversion circuit 44. The image signal is converted by the
first gradation conversion circuit 44 and output as a panel image signal. Similarly, one horizontal line image signal
which was stored in the frame memory 30 3/4 of the screen before, in the vertical direction, from the image signal which
is currently input is read from the frame memory 30 and supplied to the second gradation conversion circuit 45. The
image signal is converted by the second gradation conversion circuit 45 and output to the image display section as a
panel image signal. One horizontal line of image signal which is currently input and received by the line buffer 41 is
written to the frame memory 30 as represented by arrow D2 and is also supplied to the second gradation conversion
circuit 45. The image signal is converted by the second gradation conversion circuit 45 and output as a panel image
signal.
[0670] One horizontal line of panel image signal is output from the controller LSI 40D and is transferred to the first
through fourth source drivers 13a through 13d by a clock signal. Then, when a latch pulse signal is provided, a display
voltage corresponding to the display luminance of each pixel portion is output from the respective source voltage line.
At this point, the gate driver corresponding to the horizontal line, which is to be supplied with charge (display voltage)
on the source voltage line for image display, is supplied with a vertical shift clock signal or a gate start pulse signal as
necessary. Thus, the corresponding gate voltage line is placed into an ON state. For a gate driver which is not to be
used for image display, the enable signal is put to a LOW level and thus the corresponding gate voltage line is placed
into an OFF state. In this manner, during a period in which one horizontal line of image signal is input, three horizontal
lines of image signals are transferred to the display panel for image display. This operation is repeated.
[0671] In the example shown in Figure 42, as represented by arrow D4, the M2nd line (one horizontal line) of image
signal of the (N-1)'th frame is transferred to the source driver. Then, as represented by arrow D5, the enable signal
from the controller LSI 40D to the fourth gate driver 14d is put to a HIGH level. As represented by arrows D6 and D7,
a start pulse signal and a vertical shift clock signal are supplied to the fourth gate driver 14d. As a result, as represented
by arrow D8, the TFT 12b connected to the first gate voltage line of the fourth gate driver 14d (corresponding to the
M2nd line on the screen in terms of the display position) is placed into an ON state. Thus, image display is performed.
At this point, the enable signals to the first through third gate drivers 14a, 14b and 14c which are not at the display
position are put to a LOW level, and the TFTs 12b connected to the first through third gate drivers 14a, 14b and 14c
are in an OFF state.
[0672] Next, as represented by arrow D9, the M1st line (one horizontal line) of image signal of the (N-1)'th frame is
transferred to the source driver. Then, as represented by arrow D10, the enable signal from the controller LSI 40D to
the second gate driver 14b is put to a HIGH level. As represented by arrows D10 and D11, a start pulse signal and a
vertical shift clock signal are supplied to the second gate driver 14b. As a result, as represented by arrow D13, the
TFT 12b connected to the second gate voltage line of the first gate driver 14b (corresponding to the M1st line on the
screen in terms of the display position) is placed into an ON state. Thus, image display is performed. At this point, the
enable signals to the first, third and fourth gate drivers 14a, 14c and 14d which are not at the display position are put
to a LOW level, end the TFTs 12b connected to the first, third and fourth gate drivers 14a, 14c and 14d are in an OFF
state.
[0673] Then, as represented by arrow D14, the first line (one horizontal line) of image signal of the N'th frame is
transferred to the source driver. Then, as represented by arrow D15, the enable signal from the controller LSI 40D to
the first gate driver 14a is put to a HIGH level. As represented by arrows D16 and D17, a start pulse signal and a
vertical shift clock signal are supplied to the first gate driver 14a. As a result, as represented by arrow D18, the TFT
12b connected to the first gate voltage line of the first gate driver 14a (corresponding to the first line on the screen in
terms of the display position) is placed into an ON state. Thus, image display is performed. At this point, the enable
signals to the second through fourth gate drivers 14b, 14c and 14d which are not at the display position are put to a
LOW level, and the TFTs 12b connected to the second through fourth gate drivers 14b, 14c and 14d are in an OFF state.
[0674] Figure 43 shows how the image signal on the screen is rewritten by repeating the display control shown in
Figure 42. Specifically, Figure 43 shows how the image signal is rewritten in the period in which the image signal for
the N'th frame and the (N+1)'th frame is input.
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[0675] In Figure 43, the oblique arrows represent the vertical position and the timing at which one horizontal line of
image signal is rewritten. Ci[f] represents that the image signal for the f'th frame is displayed by an image signal con-
verted by the i'th gradation conversion circuit (the first gradation conversion circuit 44 or the second gradation conver-
sion circuit 45). The image display information is retained until the image signal for the same line is rewritten. In Figure
43, the white areas represent the positions where the image display information converted by the first gradation con-
version circuit 44 is retained, and the hatched areas represent the positions where the image display information con-
verted by the second gradation conversion circuit 45 is retained. The dotted lines represent the borders between the
first through fourth gate drivers 14a through 14d which are driven.
[0676] Paying attention to a vertical position of one horizontal line on the screen, the following is appreciated: during
a half of one frame, image display is performed by an image signal converted by the first gradation conversion circuit
44; and during each 1/4 of one frame before and after the half frame, image display is performed by an image signal
converted by the second gradation conversion circuit 45. The first 1/4 of one frame period is referred to as a first sub
frame period, the half frame period following this is referred to a second sub frame period, and the final 1/4 of one
frame period is referred to a third sub frame period.
[0677] As shown in Figure 42, when one frame of image signal is input, (a) a period in which the image signal
converted by the first gradation conversion circuit 44 is used for display, and (b) a period in which the image signal
converted by the second gradation conversion circuit 45 is used for display, are both half of one frame period. Therefore,
the first gradation conversion circuit 44 and the second gradation conversion circuit 45 can convert the image signals
such that the converted gradation levels have substantially the same relationship with the gradation level of the input
image signal as in Example 4. Thus, the movement blur is alleviated to improve the quality of moving images, and an
appropriate gamma luminance characteristic is obtained.
[0678] For displaying an image of an object moving in the horizontal direction with a still background using the image
display apparatus and method in Example 8, when the gradation level of the input image signal is sufficiently low, the
minimum gradation level is supplied in the first sub frame period and the third sub frame period for both the display
portion of the still background and the display portion of the moving object. Therefore, as in the case of the image
display apparatus which adopts the minimum (luminance) insertion system shown in Figures 50 and 51, the movement
blur is alleviated to improve the quality of moving images.
[0679] Figure 44 shows a luminance change in accordance with time of one horizontal line in a screen when an
object horizontally moves with a still background in the image display apparatus in Example 8. The display luminance
levels of the moving object and the still background are the same as those in Figure 27 (Example 4).
[0680] In Figure 44, the horizontal axis represents the luminance state in the horizontal direction of the screen (the
position of the pixel portion in the horizontal direction), and the vertical axis represents the time. Figure 44 shows
images displayed on the screen in three frames.
[0681] In Figure 44, each one-frame period T101 includes three sub frame periods T301 (first sub frame period),
T302 (second sub frame period), and T303 (third sub frame period). For the display portion B of the still background,
the gradation level of the input image signal is low. Therefore, in the second sub frame period T302, the display portion
B is in a light-on state at the luminance of 40% with an image signal of a gradation level which is increased or decreased
in accordance with the gradation of the input image signal. In the first and third sub frame periods T301 and T303, the
display portion B is in a light-off state at the minimum luminance of 0%. For the display portion A of the moving object,
the gradation level of the input image signal is sufficiently high. Therefore, in the second sub frame period T302, the
display portion A is in a light-on state at the luminance of 100%. In the first and third sub frame periods T301 and T303,
the display portion A is in a light-on state at the luminance of 20% with an image signal of a gradation level which is
increased or decreased in accordance with the gradation level of the input image signal. The numerals with "%" rep-
resent the luminance level of the image with respect to the maximum display ability of 100%. For example, the numeral
surrounded by the dotted line for C represents the luminance of 0%.
[0682] Figure 45 shows the distribution in brightness of the image shown in Figure 44 which is viewed by the ob-
server's eye paying attention to the moving object.
[0683] The phenomenon shown in Figure 28 (Example 4) that the shape of the line representing the luminance
change is different between the left end and the right end of the moving object as represented by the dotted circles is
solved. The drawback shown in Figure 53 that there are portions which are brighter or darker than the original image
is solved.
[0684] In Example 8 (as in Example 4), (a) the threshold level which is a reference for the gradation level of the
image signal in each sub frame period, and (b) the gradation level of the image signal supplied in each sub frame
period after being increased or decreased in accordance with the gradation level of the input image signal, can be set
in accordance with the temperature level signal from the temperature sensor IC 20 for detecting the temperature of
the display panel 10 or the temperature in the vicinity thereof. By such setting, even when the display panel 10 uses
a liquid crystal material, the relationship between the gradation level of the input image signal and the brightness
perceived by the observer's eye can be maintained regardless of the temperature conditions.
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[0685] In Example 8, in the case where an input image signal contains a plurality of color components, the gradation
levels of the image signals supplied in each sub frame period can be set as follows. Regarding each of the two colors
(for example, green and blue) other than the color having the highest gradation level of input image signal (for example,
red), the gradation levels are set such that the ratio between the luminance level displayed in the first sub frame period
and the luminance level displayed in the second sub frame period is equal to the ratio, of the color having the highest
gradation level of input image signal, between the luminance level displayed in the first sub frame period and the
luminance level displayed in the second sub frame period. With such setting, the luminance ratio among the colors is
maintained at an appropriate value, and deterioration in image quality due to inaccurate color balance can be prevented.
[0686] According to an image display apparatus in Examples 1 through 7 of the present invention, one frame of
image display is performed by the sum of time-integrated values of luminance during two sub frame periods. According
to an image display apparatus in Example 8 of the present invention, one frame of image display is performed by the
sum of time-integrated values of luminance during three sub frame periods. The present invention is not limited to
these. The present invention is applicable to an image display apparatus for performing one frame of image display
by the sum of time-integrated values of luminance during n sub frame periods (where n is an integer of 2 or greater).
[0687] One frame of image display is performed by the sum of time-integrated values of luminance during n sub
frame periods (where n is an integer of 2 or greater), for example, as follows. In a sub frame period which is at the
center, (when n is an odd number), or which is closest to the center (when n is an even number), of one frame period
in terms of time, an image signal of the following gradation level is supplied: the maximum gradation level within the
range in which the sum of time-integrated luminance levels in the n sub frame periods does not exceed the luminance
level of the input image signal. (The sub frame period which is at the center or which is closest to the center of one
frame period in terms of time will be referred to as the "central sub frame period".) When the sum of time-integrated
luminance levels in the central sub frame period still does not reach the luminance level of the input image signal, an
image signal of the following gradation level is supplied in each of the sub frame periods before and after the central
sub frame period: the maximum gradation level within the range in which the sum of time-integrated luminance levels
in the n sub frame periods does not exceed the luminance level of the input image signal. (The sub frame period before
the central sub frame period will be referred to as the "preceding sub frame period", and the sub frame period after the
central sub frame period will be referred to as the "subsequent sub frame period".) The image signal may be supplied
in the preceding sub frame period and the subsequent sub frame period simultaneously. Alternatively, the image signal
may be first supplied in the preceding sub frame period and then in the subsequent sub frame period. Still alternatively,
the image signal may be first supplied in the subsequent sub frame period and then in the preceding sub frame period.
When the sum of time-integrated luminance levels in the central sub frame period, the preceding sub frame period and
the subsequent sub frame period still does not reach the luminance level of the input image signal, an image signal of
the following gradation level is supplied in each of the sub frame periods before the preceding sub frame period and
the sub frame period after the subsequent sub frame period: the maximum gradation level within the range in which
the sum of time - integrated luminance levels in the n sub frame periods does not exceed the luminance level of the
input image signal. Such an operation is repeated until the sum of time-integrated luminance levels in all the sub frame
periods in which the image signals have been supplied reaches the luminance level of the input image signal. When
this occurs, an image signal of the minimum gradation level is supplied in the remaining sub frame period(s).
[0688] In the case where "n" is an odd number of 3 or greater, one frame of image display is performed by the sum
of time-integrated values of luminance during n sub frame periods, for example, as follows. The sub frame periods are
referred to the first sub frame period, the second sub frame period, ... the n'th sub frame period from the sub frame
period which is earliest in terms of time or from the sub frame period which is latest in terms of time. The sub frame
period which is at the center in terms of time is referred to as the "m'th sub frame period" (where m = (n + 1)/2. (n + 1)
/2-number of threshold levels are provided as references for the gradation level of the input image signal. The threshold
levels are referred to as T1, T2, ... T[(n + 1)/2] from the smallest threshold level. When the gradation level of the input
image signal is T1 or less, an image signal of a gradation level which is increased or decreased in accordance with
the gradation level of the input image signal, is supplied in the m'th sub frame period, and an image signal of the
minimum gradation level is supplied in the other sub frame periods. When the gradation level of the input image signal
is greater than T1 and equal to or less than T2, an image signal of the maximum gradation level is supplied in the m'th
sub frame period, an image signal of a gradation level which is increased or decreased in accordance with the gradation
level of the input image signal is supplied in each of the (m-1)'th sub frame period and the (m+1)'th sub frame period,
and an image signal of the minimum gradation level is supplied in the other sub frame periods. When the gradation
level of the input image signal is greater than T2 and equal to or less than T3, an image signal of the maximum gradation
level is supplied in each of the m'th sub frame period, the (m-1)'th sub frame period and the (m+1)'th sub frame period,
an image signal of a gradation level which is increased or decreased in accordance with the gradation level of the input
image signal is supplied in each of the (m-2)'th sub frame periods and the (m+2)'th sub frame period, and an image
signal of the minimum gradation level is supplied in the other sub frame periods. In this manner, when the gradation
level of the input image signal is greater than Tx-1 (x is an integer of 4 or greater) and equal to or less than Tx, an
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image signal of the maximum gradation level is supplied in each of the [m-(x-2)]'th sub frame period through the [m+
(x-2)]'th sub frame period, an image signal of a gradation level which is increased or decreased in accordance with
the gradation level of the input image signal is supplied in each of the [m-(x-1)]'th sub frame periods through the [m+
(x-1)]'th sub frame periods, and an image signal of the minimum gradation level is supplied in the other sub frame
periods.
[0689] In the case where "n" is an even number of 2 or greater, one frame of image display is performed by the sum
of time-integrated values of luminance during n sub frame periods, for example, as follows. The sub frame periods are
referred to as the first sub frame period, the second sub frame period, ... the n'th sub frame period from the sub frame
period which is earliest in terms of time or from the sub frame period which is latest in terms of time. Two sub frame
periods which are closest to the center in terms of time are referred to as the "m1st sub frame period" (where m1 = n/
2) and the "m2nd sub frame period" (where m2 = n/2 + 1). n/2-number of threshold levels are provided as references
for the gradation level of the input image signal. The threshold levels are referred to as T1, T2.... T[n/2] from the smallest
threshold level. When the gradation level of the input image signal is T1 or less, an image signal of a gradation level
which is increased or decreased in accordance with the gradation level of the input image signal is supplied in each
of the m1st sub frame period and the m2nd sub frame period, and an image signal of the minimum gradation level is
supplied in the other sub frame periods. When the gradation level of the input image signal is greater than T1 and
equal to or less than T2, an image signal of the maximum gradation level is supplied in each of the m1st sub frame
period and the m2nd sub frame period, an image signal of a gradation level which is increased or decreased in ac-
cordance with the gradation level of the input image signal is supplied in each of the (m1-1)'th sub frame periods and
the (m2+1)'th sub frame periods, and an image signal of the minimum gradation level is supplied in the other sub frame
periods. When the gradation level of the input image signal is greater than T2 and equal to or less than T3, an image
signal of the maximum gradation level is supplied in each of the m1st sub frame periods, the m2nd sub frame periods,
the (m1-1)'th sub frame periods and the (m2+1)'th sub frame periods, an image signal of a gradation level which is
increased or decreased in accordance with the gradation level of the input image signal is supplied in each of the
(m1-2)'th sub frame periods and the (m2+2)'th sub frame periods, and an image signal of the minimum gradation level
is supplied in the other sub frame periods. In this manner, when the gradation level of the input image signal is greater
than Tx-1 (x is an integer of 4 or greater) and equal to or less than Tx, an image signal of the maximum gradation level
is supplied in each of the [m1-(x-2)]'th sub frame period through the [m2+(x-2)]'th sub frame period, an image signal
of a gradation level which is increased or decreased in accordance with the gradation level of the input image signal
is supplied in each of the [m1-(x-1)]'th sub frame period through the [m2+(x-1)]'th sub frame period, and an image
signal of the minimum gradation level is supplied in the other sub frame periods.
[0690] An upper limit of the gradation level of the image signal supplied in each sub frame period can be determined
as follows. Upper limits of the gradation levels of the image signals supplied in the first, second, ... n'th sub frame
periods are respectively referred to as L1 , L2, ... Ln. The sub frame periodwhich is at the, center, or closest to the
center, of one frame period in terms of time is referred to as the j'th sub frame period. The upper limits are defined so
as to fulfill the following relationships.

where i is an integer of 0 or greater and less than j.
[0691] The upper limits thus determined can be used as the maximum values of the gradation levels supplied in the
respective sub frame periods.
[0692] With such control, the time-wise center of gravity of display luminance can be fixed to the position which is
at the center, or closest to the center, of one frame period in terms of time. Therefore, the deterioration in image quality
caused by inaccurate luminance or color balance, which occurs when the position of the time-wise center of gravity of
display luminance varies in accordance with the gradation level of the input image signal (as described in, for example,
Japanese Laid-Open Publication No. 2001-296841) can be suppressed. Since the luminance levels are different among
the sub frame periods, the movement blur is alleviated to improve the quality of moving images. Even when the display
is performed at the maximum gradation level, the reduction in the maximum luminance and contrast, which occurs with
the minimum (luminance) insertion system (with which each one-frame period includes a minimum luminance period),
can be suppressed.

L[j - i] ≥ L[j - (i + 1)];

L[j + i] ≥ L[j + (i + 1)]
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(Example 9)

[0693] In Example 9 of the present invention, one frame of image display is performed by the sum of time-integrated
values of luminance during two sub frame periods (i.e., the first sub frame period and the second sub frame period).
The gamma luminance characteristic is changed using a digital input system source driver.
[0694] Also in Example 9, when the gradation level of the input image signal is 50% or less, an image signal of a
gradation level of, for example, several percent, instead of the minimum gradation level (0%) is supplied in one of the
two sub frame periods. When the gradation level of the input image signal is greater than 50%, an image signal of a
gradation level of, for example, several percent less than 100%, instead of the maximum gradation level (100%) is
supplied in one of the two sub frame periods. The gradation levels are allocated to the first sub frame period and the
second sub frame period such that the gradation level of the image signal supplied in one of the two sub frame periods
is half or less than half of the gradation level of the image signal supplied in the other sub frame period. The gradation
level of the image signal supplied in one of the two sub frame periods is preferably 10% or less of, and more preferably
2% or less of, the gradation level of the image signal supplied in the other sub frame period, in order to provide the
effect of the present invention. When the gradation level of the image signal supplied in one of the two sub frame
periods is 2% or less of the gradation level of the image signal supplied in the other sub frame period, for example,
only one gradation level among 256 gradation levels is given to one of the two sub frame periods.
[0695] Figure 60 is a block diagram illustrating a basic structure of an image display apparatus according to Example
9 of the present invention. Identical elements as those of Figure 1 will bear identical reference numeral thereto and
detailed descriptions thereof will be omitted.
[0696] As shown in Figure 60, the image display apparatus in Example 9 has basically the same structure as that
of Example 1, and is mainly different in the following points. The image display apparatus in Example 9 includes digital
input system source drivers 13Da through 13Dd instead of the source drivers 13a through 13d, and includes a gamma
luminance characteristic setting switch 21 (gamma luminance characteristic setting section) instead of the temperature
sensor IC 20. The gamma luminance characteristic setting switch 21 switches the gamma luminance characteristic to
"2.1", "2.2" or "2.3". The image display apparatus in Example 9 also includes a controller LSI 40E for switching the
gamma luminance characteristic using the gamma luminance characteristic setting switch 21 to perform display control.
In Figure 60, the gamma luminance characteristic setting switch 21 is provided instead of the temperature sensor IC
20. Alternatively, the gamma luminance characteristic setting switch 21 may be provided together with the temperature
sensor IC 20.
[0697] The digital input system source drivers 13Da through 13Dd each receive a panel image signal as digital
display data, select one of preset voltages in accordance with the value of the respective digital display data, and
output the selected voltage as a gradation voltage. In the case of, for example, 8-bit input system source drivers, 256
gradation voltages which can be output are pre-set. Each digital input system source driver selects a gradation voltage
which is uniquely defined, in accordance with one of 256 values (0 through 255) determined by the input 8-bit digital
display data.
[0698] Figure 61 is a block diagram of a structure of a controller LSI 40E (as the display control section; shown in
Figure 60).
[0699] As shown in Figure 61, the controller LSI 40E includes a line buffer 41 (line data memory section), a timing
controller 42 (timing control section), a frame memory data selector 43 (frame memory data selection section), a first
gradation conversion circuit 44E (first gradation conversion section) for receiving a gamma luminance characteristic
setting signal, a second gradation conversion circuit 45E (second gradation conversion section) for receiving a gamma
luminance characteristic setting signal, and an output data selector 46 (output data selection section).
[0700] The line buffer 41 receives the input image signal horizontal line by horizontal line, and temporarily stores the
input image signal. The line buffer 41 includes a receiving port and a sending port independently, and therefore can
receive and send signals simultaneously.
[0701] The timing controller 42 controls the frame memory data selector 43 to alternately select data transfer to the
frame memory 30 or data read from the frame memory 30. The timing controller 42 also controls the output data selector
46 to alternately select data output from the first gradation conversion circuit 44 or data output from the second gradation
conversion circuit 45. Namely, the timing controller 42 selects the first sub frame period or the second sub frame period
for the output data selector 46, as described later in detail.
[0702] The frame memory data selector 43 is controlled by the timing controller 42 to alternately select data transfer
or data read. In data transfer, the frame memory data selector 43 transfers the input image signal stored in the line
buffer 41 to the frame memory 30, horizontal line by horizontal line. In data read, the frame memory data selector 43
reads an input image signal which was read one frame period before and has been stored in the frame memory 30,
horizontal line by horizontal line, and transfers the read data to the second gradation conversion circuit 45E.
[0703] The first gradation conversion circuit 44E converts the gradation level of the input image signal supplied from
the line buffer 41 to a gradation level for the first sub frame period in accordance with a look-up table.
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[0704] The second gradation conversion circuit 45E converts the gradation level of the image signal supplied from
the frame data selector 43 to a gradation level for the second sub frame period in accordance with a look-up table.
[0705] In Example 9, the first gradation conversion circuit 44 and the second gradation conversion circuit 45 work
by look-up tables which store output values for input values. One of the gradation levels is selected by three types of
look-up tables which are determined by the gamma value from the gamma luminance characteristic setting switch 21
to determine output values. Alternatively, the output values may be obtained by a calculation circuit by selecting a
calculation expression.
[0706] The output data selector 46 is controlled by the timing controller 42 to alternately select an image signal which
is output from the first gradation conversion circuit 44E, or an image signal which is output from the second gradation
conversion circuit 45E, horizontal line by horizontal line. The output data selector 46 outputs the selected image signal
as a panel image signal.
[0707] An operation of the image display apparatus in Example 9 is substantially the same as that of Example 1
except that the digital input system source drivers 13Da through 13Dd are used instead of the source drivers 13a
through 13d, and will not be described in detail here.
[0708] In Example 9, the sub frame period a is assigned to the second sub frame period. The gradation level of the
image signal is converted by the second gradation conversion circuit 45E such that: when the gradation level of the
input image signal is equal to or less than the threshold level uniquely determined, an image signal of a gradation level
which is increased or decreased in accordance with the gradation level of the input image signal is supplied in the sub
frame period α; and when the gradation level of the input image signal is greater than the threshold level uniquely
determined, an image signal of the maximum gradation level is supplied in the sub frame period α. When the image
signal of the maximum gradation level is supplied, the gradation level of the image signal supplied in one of the two
sub frame periods is equal to or less than half, preferably equal to or less than 10%, or more preferably equal to or
less than 2%, of the gradation level of the image supplied in the other sub frame period.
[0709] The sub frame period β is assigned to the first sub frame period. The gradation level of the image signal is
converted by the first gradation conversion circuit 44E such that: when the gradation level of the input image signal is
equal to or less than the threshold level uniquely determined, an image signal of the minimum gradation level is supplied
in the sub frame period β; and when the gradation level of the input image signal is greater than the threshold level
uniquely determined, an image signal of the maximum gradation level is supplied in the sub frame period α. When the
image signal of the minimum gradation level is supplied, the gradation level of the image signal supplied in one of the
two sub frame periods is equal to or less than half, preferably equal to or less than 10%, or more preferably equal to
or less than 2%, of the gradation level of the image supplied in the other sub frame period.
[0710] Hereinafter, how to allocate the gradation levels to the first sub frame period and the second sub frame period
will be described.
[0711] In Example 9, 5-bit digital input system source drivers will be used for the sake of explanation, but the number
of bits of the source drivers is not specifically limited. In general, 8-bit input system source drivers capable of displaying
256 gradation levels are used.
[0712] The luminance level of the display panel 10 (liquid crystal display panel) is determined by the relationship
between the output gradation voltage and the voltage-transmittance characteristic (V-T characteristic) of the liquid
crystal display panel 10 in accordance with the digital display data which is input to the source drivers 13Da through
13Dd. In Example 9, the source drivers 13Da through 13Dd are of the 5-bit digital input system, and the gradation
voltages are set such that the luminance level of the liquid crystal display panel 10, with respect to the input digital
data, is as shown in Table 1. In other words, the reference voltages are set such that the gamma luminance characteristic
of the source drivers 13Da through 13Dd is 2.2.

TABLE 1

Gamma luminance characteristic of the source driver

Driver input data (5 bits) Luminance level of the liquid crystal panel (%)

0 0.00

1 3.80

2 4.45

3 5.15

4 7.80

5 8.85
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[0713] In Example 9, the gamma luminance characteristic of the image display apparatus is changed by appropriately
combining the gradation levels for the first sub frame period and the second sub frame period using the digital input
system source drivers 13Da through 13Dd. A majority of general image signals are output with a gamma value of 2.2
in consideration of the gamma luminance characteristic of CRTs which are mainly used as display devices conven-
tionally. In Example 9, the gamma value (gamma luminance characteristic) is selectable to "2.1", "2.2" or "2.3" by the
gamma luminance characteristic setting switch 21. Thus, the optimum gamma luminance characteristic for the screen
can be selected, so that the image on the screen is easy to view.
[0714] Specifically, one of the three look-up tables (a look-up table A for the gamma luminance characteristic of 2.2,
a look-up table B for the gamma luminance characteristic of 2.1, and a look-up table C for the gamma luminance
characteristic of 2.3) in each of the first gradation conversion circuit 44E and the second gradation conversion circuit
45E is selected in accordance with the gamma luminance characteristic setting signal which is sent from the gamma
luminance characteristic setting switch 21.
[0715] Table 2 shows the following correspondence in the look-up table A (gamma luminance characteristic: 2.2);
the correspondence between the gradation level of the input image signal, the digital data output to the source drivers
13Da through 13Dd in the first and second sub frame periods, the gradation levels in the first and second sub frame
periods, and the time-integrated value of the display luminance during the first and second sub frame periods (perceived

TABLE 1 (continued)

Gamma luminance characteristic of the source driver

Driver input data (5 bits) Luminance level of the liquid crystal panel (%)

6 10.00

7 11.00

8 13.30

9 14.65

10 17.70

11 20.80

12 26.20

13 31.00

14 34.40

15 39.20

16 44.10

17 48.65

18 53.10

19 57.50

20 62.00

21 66.25

22 70.85

23 75.15

24 79.60

25 84.00

26 88.40

27 93.40

28 97.00

29 98.00

30 99.00
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brightness).

TABLE 2

Look-up table A (gamma luminance characteristic 2.2)

Gradation
level of the

input
image

signal (%)

Target
gradation

level of the
image
display

device (%)

Look-up table (output
digital data to the source

driver

Gradation level (%) Time-
integrated
luminance

of one
frame
period

(perceived
brightness)

Error (%)

1st sub
frame
period

2nd sub
frame
period

1st sub
frame
period

2nd sub
frame period

0.00 0.00 0 0 0.00 0.00 0.00 0.0

3.23 0.05 0 2 0.00 4.45 0.05 1.5

6.45 0.24 0 5 0.00 8.85 0.24 0.2

9.68 0.59 0 8 0.00 13.30 0.59 0.6

12.90 1.11 l 0 10 0.00 17.70 1.11 l 0.2

16.13 1.81 5 11 8.85 20.80 1.82 0.8

19.35 2.70 2 12 4.45 26.20 2.68 -0.7

22.58 3.79 0 13 0.00 31.00 3.80 0.4

25.81 5.08 5 14 8.85 34.40 5.02 -1.2

29.03 6.58 5 15 8.85 39.20 6.61 0.5

32.26 8.30 0 16 0.00 44.10 8.26 -0.5

35.48 10.23 0 17 0.00 48.65 10.25 0.1

38.71 12.39 0 18 0.00 53.10 12.42 0.2

41.94 14.78 0 19 0.00 57.50 14.80 0.1

45.16 17.40 0 20 0.00 62.00 17.47 0.4

48.39 20.25 0 21 0.00 66.25 20.21 -0.2

51.61 23.34 0 22 0.00 70.85 23.43 0.4

54.84 26.67 0 23 0.00 75.15 26.67 0.0

58.06 30.24 0 24 0.00 79.60 30.27 0.1

61.29 34.06 0 25 0.00 84.00 34.07 0.0

64.52 38.13 0 26 0.00 88.40 38.12 0.0

67.74 42.45 0 27 0.00 93.10 42.72 0.6

70.97 47.03 0 28 0.00 97.00 46.76 -0.6

74.19 51.86 12 30 26.20 99.00 51.53 -0.6

77.42 56.95 16 30 44.10 99.00 57.16 0.4

80.65 62.30 18 31 53.10 100.00 62.42 0.2

83.87 67.91 21 29 66.25 98.00 68.04 0.2

87.10 73.79 23 28 75.15 97.00 73.43 -0.5
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[0716] The relationship between the gradation level of the input image signal and the target luminance level of the
image display apparatus is represented by the following expression.

where γ is the gamma luminance characteristic of the image display apparatus (the gamma value set by the switch 21).
[0717] The relationship between the gradation levels of the image signals supplied in the first sub frame period and
the second sub frame period, and the time-integrated luminance during the first sub frame period and the second sub
frame period (perceived brightness) is represented by the following expression.

where Dγ = 2.2 (gamma luminance characteristic of the source drivers).
[0718] Figure 62 shows six examples of the relationship shown in Table 2 with different target luminance levels.
[0719] As shown in Figure 62, when the gradation level of the input image signal is less than 50%, e.g., 25.81, the
perceived brightness is determined by the combination of a gradation level which is increased or decreased in accord-
ance with the gradation level of the input image signal (supplied in the second sub frame period) and a gradation level
in the vicinity of the minimum gradation level (supplied in the first sub frame period). When the gradation level of the
input image signal is 50% or greater, e.g., 74.19% or 83,67%, the perceived brightness is determined by the combination
of a gradation level which is increased or decreased in accordance with the gradation level of the input image signal
(supplied in the first sub frame period) and a gradation level in the vicinity of the maximum gradation level (supplied
in the second sub frame period).
[0720] Table 3 shows the above-described correspondence in the look-up table B, and Table 4 shows the above-
described correspondence in the look-up table C. In theses cases, the expressions (100) and (101) are obtained. In
the look-up table B, γ = 2.1. In the look-up table C, γ = 2.3.

TABLE 2 (continued)

Look-up table A (gamma luminance characteristic 2.2)

Gradation
level of the

input
image

signal (%)

Target
gradation

level of the
image
display

device (%)

Look-up table (output
digital data to the source

driver

Gradation level (%) Time-
integrated
luminance

of one
frame
period

(perceived
brightness)

Error (%)

1st sub
frame
period

2nd sub
frame
period

1st sub
frame
period

2nd sub
frame period

90.32 79.94 24 31 79.60 100.00 80.27 0.4

93.55 86.35 26 29 88.40 98.00 85.95 -0.5

96.77 93.04 27 31 93.10 100.00 92.72 -0.3

100.00 100.00 31 31 100.00 100.00 100.00 0.0

Target luminance level of the image display apparatus

= (gradation level of the input image signal)γ expression (100)

Time-integrated luminance (perceived brightness)

= {(gradation level in the first sub frame period)Dγ

+ (gradation level in the second sub frame period)Dγ}/2 expression (101)
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TABLE 3

Look-up table A (gamma luminance characteristic 2.1)

Gradation
level of the
input image
signal (%)

Target
gradation

level of the
image
display

device (%)

Look-up table (output
digital data to the source

driver)

Gradation level (%) Time-
Integrated
luminance

of one
frame
period

(perceived
brightness)

Error (%)

1 st sub
frame
period

2nd sub
frame
period

1st sub
frame
period

2nd sub
frame period

0.00 0.00 0 0 0.00 0.00 0.00 0.0

3.23 0.07 0 3 0.00 5.15 0.07 -0.7

6.45 0.32 0 6 0.00 10.00 0.32 -0.3

9.68 0.74 0 9 0.00 14.65 0.73 -1.4

12.90 1.38 5 10 8.85 17.70 1.35 -0.6

16.13 2.17 8 11 13.30 20.80 2.17 0.2

19.35 3.18 8 12 13.30 26.20 3.22 1.2

22.58 4.39 8 13 13.30 31.00 4.39 0.0

25.81 5.82 10 14 17.70 34.40 5.89 1.2

29.03 7.45 10 15 17.70 39.20 7.48 0.4

32.26 9.29 10 16 17.70 44.10 9.36 0.8

35.48 11.35 10 17 17.70 48.65 11.35 0.0

38.71 13.63 10 18 17.70 63.10 13.53 -0.7

41.94 16.12 10 19 17.70 57.50 15.91 -1.3

45.16 18.84 10 20 17.70 62.00 18.58 -1.4,

48.39 21.77 11 21 20.80 66.25 21.79 0.1

51.61 24.93 11 22 20.80 70.85 25.01 0.3

54.84 28.32 11 23 20.80 75,15 28.25 -0.2

58.06 31.93 11 24 20.80 79.60 31.85 -0.3

61.29 35.77 11 25 20.80 84.00 35.65 -0.3

64.52 39.84 11 26 20.80 88.40 39.70 -0.3

67.74 44.14 10 27 17.70 93.10 43.83 -0.7

70.97 48.67 0 30 0.00 99.00 48.91 0.5

74.19 53.43 15 28 39.20 97.00 53.13 -0.6

77.42 58.42 17 29 48.65 98.00 58.07 -0.6

80.65 63.65 19 30 67.50 99.00 63.71 0.1

83.87 69.12 21 30 66.25 99.00 69.12 0.0

87.10 74.82 23 29 75.15 98.00 74.50 -0.4

90.32 80.76 25 28 84.00 97.00 80.83 0.1
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TABLE 3 (continued)

Look-up table A (gamma luminance characteristic 2.1)

Gradation
level of the
input image
signal (%)

Target
gradation

level of the
image
display

device (%)

Look-up table (output
digital data to the source

driver)

Gradation level (%) Time-
Integrated
luminance

of one
frame
period

(perceived
brightness)

Error (%)

1 st sub
frame
period

2nd sub
frame
period

1st sub
frame
period

2nd sub
frame period

93.55 86.93 26 30 88.40 99.00 87.03 0.1

96.77 93.35 27 31 93.10 100.00 92.72 -0.7

100.00 100.00 31 31 100.00 100.00 100.00 0.0

TABLE 4

Look-up table A (gamma luminance characteristic 2.3)

Gradation
level of the

input
image

signal (%)

Target
gradation

level of the
image
display

device (%)

Look-up table (output digital
data to the source driver)

Gradation level (%) Time-
integrated
luminance

of one
frame
period

(perceived
brightness)

Error (%)

1st sub
frame period

2nd sub
frame
period

1st sub
frame
period

2nd sub
frame period

0.00 0.00 0 0 0.00 0.00 0.00 0.0

3.23 0.04 0 1 0.00 3.80 0.04 1.1

6.45 0.18 0 4 0.00 7.80 0.18 -0.2

9.68 0.46 3 7 5.15 11.00 0.48 -0.5

12.90 0.90 4 9 7.80 14.65 0.91 1.4

16.13 1.50 7 10 11.00 17.70 1.50 -0.5

19.35 2.29 9 11 14.65 20.80 2.31 1.0

22.58 3.26 8 12 13.30 26.20 3.22 -1.4

25.81 4.44 8 13 13.30 31.00 4.39 -1.0

29.03 5.82 10 14 17.70 34.40 5.89 1.2

32.26 7.41 10 15 17.70 39.20 7.48 0.9

35.48 9.23 10 16 17.70 44.10 9.36 1.5

38.71 11.27 10 17 17.70 48.65 11.35 0.7

41.94 13.55 10 18 17.70 53.10 13.53 -0.2

45.16 16.07 10 19 17.70 57.50 15.91 -1.0
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[0721] The data in the look-up tables used in Example 9 is selected such that the error with respect to the gamma
luminance characteristic set for the image display apparatus is within ±1.5%.
[0722] Figure 63 is a graph illustrating the relationship between the gradation level of the input image signal and the
time-integrated luminance during the first and second sub frame periods (perceived brightness) when the look-up tables
A through C are used.
[0723] As described above, in Example 9, the gradation level of the image signal is oonverted by the first gradation
conversion circuit 44E such that: when the gradation level of the input image signal is equal to or less than a threshold
level uniquely determined, an image signal of a gradation level, which is increased or decreased in accordance with
the gradation level of the input image signal, is supplied; and when the gradation level of the input image signal is
greater than the threshold level, an image signal of a gradation level in the vicinity of the maximum gradation level is
supplied. The gradation level of the image signal is converted by the second gradation conversion circuit 45E such
that: when the gradation level of the input image signal is equal to or less than a threshold level uniquely determined,
an image signal of a gradation level in the vicinity of the minimum gradation level is supplied; and when the gradation
level of the input image signal is greater than the threshold level, an image signal of a gradation level, which is increased
or decreased in accordance with the gradation level of the input image signal, is supplied. With such setting, the gamma
luminance characteristic of the image display apparatus can be changed. In other words, the gradation levels in the
first and second sub frame periods are appropriately combined, so that the gamma luminance characteristic of the

TABLE 4 (continued)

Look-up table A (gamma luminance characteristic 2.3)

Gradation
level of the

input
image

signal (%)

Target
gradation

level of the
image
display

device (%)

Look-up table (output digital
data to the source driver)

Gradation level (%) Time-
integrated
luminance

of one
frame
period

(perceived
brightness)

Error (%)

1st sub
frame period

2nd sub
frame
period

1st sub
frame
period

2nd sub
frame period

48.39 18.83 11 20 20.80 62.00 19.05 1.1

51.61 21.84 11 21 20.80 66.25 21.79 -0.2

54.84 25.11 11 22 20.80 70.85 25.01 -0.4

58.06 28.64 11 23 20.80 75.15 28.25 -1.4

61.29 32.43 12 24 26.20 79.60 32.89 1.4

64.52 36.50 12 25 26.20 84.00 36.70 0.6

67.74 40.83 12 26 26.20 88.40 40.75 -0.2

70.97 45.44 12 27 26.20 93.10 45.35 -0.2

74.19 50.33 13 28 31.00 97.00 50.56 0.5

77.42 55.51 16 29 44.10 98.00 56.08 1.0

80.65 60.97 19 28 57.50 97.00 61.56 1.0

83.87 66.73 21 28 66.25 97.00 66.97 0.4

87.10 72.78 23 28 75.15 97.00 73.43 0.9

90.32 79.13 24 30 79.60 99.00 79.17 0.1

93.55 85.78 26 29 88.40 98.00 85.95 0.2

96.77 92.74 27 31 93.10 100.00 92.72 0.0

100.00 100.00 31 31 100,00 100.00 100.00 0.0
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image display apparatus can be changed while alleviating the movement blur to improve the quality of moving images
of a hold-type image display apparatus, without reducing the maximum value of the time-integrated luminance in any
given one frame period.
[0724] In Example 9, the gamma luminance characteristic of the image display apparatus is changed by supplying
an image signal of a gradation level which is increased or decreased by the gradation level of the input image signal,
and an image signal of a gradation level in the vicinity of the minimum gradation level, respectively to the two sub frame
periods, or by supplying an image signal of a gradation level in the vicinity of the maximum gradation level, and an
image signal of a gradation level which is increased or decreased by the gradation level of the input image signal,
respectively to the two sub frame periods. Thus, the brightness perceived during one frame period is controlled. The
image display apparatus in Example 9 is also usable for other purposes, for example, for correcting the temperature
of the liquid crystal display panel, or for correcting the gradation level which is necessitated when use of a different
liquid crystal material changes the V-T characteristic.

(Example 10)

[0725] In Examples 1 through 9, the image display control section of an image display apparatus is provided by
hardware, i.e., a controller LSI. In Example 10, the image display control section of the image display apparatus is
provided by software.
[0726] Figure 64 is a block diagram of a structure of an image display control section 40F provided by a computer.
[0727] As shown in Figure 64, the image display control section 40F includes a CPU (central processing unit) 401
(control section), a ROM 402 as a computer-readable medium which stores a display control program for executing
the image display method described in each of Examples 1 through 9 by a computer and data used for the display
control, and a RAM 403 used as a work memory of the CPU 401.
[0728] Usable computer-readable mediums include memory devices, for example, various types of IC memories,
hard discs (HDs). optical discs (e.g., CDs), and magnetic recording mediums (e.g., FDs). The display control program
and data stored in the ROM 402 is transferred to the RAM 403, and executed by the CPU 401.
[0729] For displaying an image corresponding to one frame period, the CPU 401 repeats the following processing
using the corresponding section, based on the display control program and data according to the present invention.
[0730] In a sub frame period which is at the center or which is closest to the center of one frame period in terms of
time, an image signal of the maximum gradation level within the range, in which the sum of time-integrated luminance
levels in the n sub frame periods does not exceed the luminance level of the input image signal, is supplied to the
display panel 10. (The sub frame period which is at the center or which is closest to the center of one frame period in
terms of time will be referred to as the "central sub frame period".)
[0731] When the sum of time-integrated luminance levels in the central sub frame period does not reach the lumi-
nance level of the input image signal, an image signal of the maximum gradation level within the range, in which the
sum of time-integrated luminance levels in the n sub frame periods does not exceed the luminance level of the input
image signal, is supplied to the display panel 10 in each of the sub frame periods before and after the central sub frame
period. (The sub frame period before the central sub frame period will be referred to as the "preceding sub frame
period", and the sub frame period after the central sub frame period will be referred to as the "subsequent sub frame
period".)
[0732] When the sum of time-integrated luminance levels in the central sub frame period, the preceding sub frame
period and the subsequent sub frame period still does not reach the luminance level of the input image signal, an image
signal of the maximum gradation level within the range, in which the sum of time-integrated luminance levels in the n
sub frame periods does not exceed the luminance level of the input image signal, is supplied to the display panel 10
in each of the sub frame period before the preceding sub frame period and the sub frame period after the subsequent
sub frame period.
[0733] Such an operation is repeated until the sum of time-integrated luminance levels in all the sub frame periods
in which the image signals have been supplied reaches the luminance level of the input image signal. When this occurs,
an image signal of the minimum gradation level or an image signal of a gradation level less than a prescribed value is
supplied to the display panel 10 in the remaining sub frame period(s).
[0734] Alternatively, for displaying an image corresponding to one frame period by the sum of time-integrated values
of luminance during n sub frame periods, the CPU 401 repeats the following process using the corresponding section,
based on the display control program and data according to the present invention.
[0735] The n sub frame periods are referred to as the first sub frame period, the second sub frame period, ... the n'th
sub frame period from the sub frame period which is earliest in terms of time or from the sub frame period which is
latest in terms of time. Two sub frame periods which are closest to the center in terms of time are referred to as the
"m1st sub frame period" and the "m2nd sub frame period". The m1st sub frame period is set to n/2, and the m2nd sub
frame period is set to n/2 + 1. n/2-number of threshold levels are provided and referred to as T1, T2, ... T[n/2] from the
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smallest threshold level.
[0736] When the gradation level of the input image signal is T1 or less, an image signal of a gradation level which
is increased or decreased in accordance with the gradation level of the input image signal is supplied to the display
panel 10 in each of the m1st sub frame period and the m2nd sub frame period, and an image signal of the minimum
gradation level or an image signal of a gradation level less than a prescribed value is supplied to the display panel 10
in the other sub frame periods.
[0737] When the gradation level of the input image signal is greater than T1 and equal to or less than T2, an image
signal of the maximum gradation level or an image signal of a gradation level which is greater than the prescribed
value is supplied to the display panel 10 in each of the m1st sub frame periods and the m2nd sub frame periods, an
image signal of a gradation level which is increased or decreased in accordance with the gradation level of the input
image signal is supplied to the display panel 10 in each of the (m1-1)'th sub frame periods and the (m2+1)'th sub frame
periods, and an image signal of the minimum gradation level or an image signal of a gradation level less than the
prescribed value is supplied to the display panel 10 in the other sub frame periods.
[0738] When the gradation level of the input image signal is greater than T2 and equal to or less than T3, an image
signal of the maximum gradation level or an image signal of a gradation level greater than the prescribed value is
supplied to the display panel 10 in each of the m1st sub frame periods, the m2nd sub frame periods, the (m1-1)'th sub
frame period and the (m2+1)'th sub frame period, an image signal of a gradation level which is increased or decreased
in accordance with the gradation level of the input image signal is supplied to the display panel 10 in each of the (m1-2)
'th sub frame periods and the (m2+2)'th sub frame periods, and an image signal of the minimum gradation level or an
image signal of a gradation level less than the prescribed value is supplied to the display panel 10 in the other sub
frame periods.
[0739] In this manner, when the gradation level of the input image signal is greater than Tx-1 (x is an integer of 4 or
greater) and equal to or less than Tx, an image signal of the maximum gradation level or an image signal of a gradation
level greater than the prescribed value is supplied to the display panel 10 in each of the [m1-(x-2)]'th sub frame periods
through the [m2+(x-2)]'th sub frame period, an image signal of a gradation level which is increased or decreased in
accordance with the gradation level of the input image signal is supplied in each of the [m1-(x-1)]'th sub frame periods
through the [m2+(x-1)]'th sub frame period, and an image signal of the minimum gradation level or an image signal of
a gradation level less than the prescribed value is supplied to the display panel 10 in the other sub frame periods.
[0740] Alternatively, for displaying an image corresponding to one frame period by the sum of time-integrated values
of luminance during two sub frame periods, the CPU 401 repeats the following process using the corresponding section,
based on the display control program and data according to the present invention.
[0741] One of the two sub frame periods is referred to as the sub frame period α, and the other sub frame period is
referred to as the sub frame period β. When the gradation level of the input image signal is equal to or less than the
threshold level uniquely determined, an image signal of a gradation level which is increased or decreased in accordance
with the gradation level of the input image signal is supplied to the display panel 10 in the sub frame period α, and an
image signal of the minimum gradation level or an image signal of a gradation level less than a prescribed value is
supplied to the display panel 10 in the sub frame period β.
[0742] When the gradation level of the input image signal is greater than the threshold level, an image signal of the
maximum gradation level or an image signal of a gradation level greater than the prescribed value is supplied to the
display panel in the sub frame period α and an image signal of a gradation level which is increased or decreased by
the gradation level of the input image signal is supplied to the display panel 10 in the sub frame period β.
[0743] Alternatively, for displaying an image corresponding to one frame period by the sum of time-integrated values
of luminance during two sub frame periods, the CPU 401 repeats the following processing using the corresponding
section, based on the display control program and data according to the present invention.
[0744] One of the two sub frame periods is referred to as the sub frame period α, and the other sub frame period is
referred to as the sub frame period β. Threshold levels T1 and T2 of the gradation level in the two sub frame periods
are defined. The threshold level T2 is larger than the threshold level T1.
[0745] When the gradation level of the input image signal is the threshold level T1 or less, an image signal of a
gradation level which is increased or decreased in accordance with the gradation level of the input image signal is
supplied to the display panel 10 in the sub frame period α, and an image signal of the minimum gradation level or an
image signal of a gradation level less than a prescribed value is supplied to the display panel 10 in the sub frame period
β.
[0746] When the gradation level of the input image signal is greater than the threshold level T1 and equal to or less
than the threshold level T2, an image signal of a gradation level which is increased or decreased in accordance with
the gradation level of the input image signal is supplied to the display panel 10 in the sub frame period α, and an image
signal of a gradation level which is increased or decreased in accordance with the gradation level of the input image
signal and which is lower than the gradation level supplied in the sub frame period α is supplied to the display panel
10 in the sub frame period β.
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[0747] When the gradation level of the input image signal is greater than the threshold level T2, an image signal of
the maximum gradation level or an image signal of a gradation level greater than the prescribed value is supplied to
the display panel 10 in the sub frame period α, and an image signal of a gradation level which is increased or decreased
in accordance with the gradation level of the input image signal is supplied to the display panel 10 in the sub frame
period β.
[0748] Alternatively, for displaying an image corresponding to one frame period by the sum of time-integrated values
of luminance during two sub frame periods, the CPU 401 repeats the following process using the corresponding section,
based on the display control program and data according to the present invention.
[0749] One of the two sub frame periods is referred to as the sub frame period α, and the other sub frame period is
referred to as the sub frame period β. Threshold levels T1 and T2 of the gradation level in the two sub frame periods
are defined. The threshold level T2 is larger than the threshold level T1. A gradation level L is uniquely to be defined.
[0750] When the gradation level of the input image signal is the threshold level T1 or less, an image signal of a
gradation level, which is increased or decreased in accordance with the gradation level of the input image signal, is
supplied to the display panel 10 in the sub frame period α, and an image signal of the minimum gradation level or an
image signal of a gradation level less than a prescribed value is supplied to the display panel 10 in the sub frame period
β.
[0751] When the gradation level of the input image signal is greater than the threshold level T1 and equal to or less
than the threshold level T2, an image signal of the gradation level L is supplied to the display panel 10 in the sub frame
period α, and an image signal of a gradation level, which is increased or decreased in accordance with the gradation
level of the input image signal, is supplied to the display panel 10 in the sub frame period β.
[0752] When the gradation level of the input image signal is greater than the threshold level T2, an image signal of
a gradation level which is increased or decreased in accordance with the gradation level of the input image signal is
supplied to the display panel 10 in the sub frame period α, and an image signal of the maximum gradation level or an
image signal of a gradation level greater than the prescribed value is supplied to the display panel 10 in the sub frame
period β.
[0753] Alternatively, for displaying an image corresponding to one frame period by the sum of time-integrated values
of luminance during two sub frame periods, the CPU 401 repeats the following process using the corresponding section,
based on the display control program and data according to the present invention.
[0754] One of the two sub frame periods is referred to as the sub frame period α, and the other sub frame period is
referred to as the sub frame period β.
[0755] Based on two frames of image continuously input, an image in an intermediate state in terms of time is gen-
erated through estimation.
[0756] When the gradation level of the input image signal is equal to or less than a threshold level uniquely deter-
mined, an image signal of a gradation level, which is increased or decreased in accordance with the gradation level
of the input image signal, is supplied to the display panel 10 in the sub frame period α. When the gradation level of
the input image signal is greater than the threshold level, an image signal of the maximum gradation level or an image
signal of a gradation level greater than a prescribed value is supplied to the display panel 10 in the sub frame period α.
[0757] When the gradation level of the image signal in the intermediate state is equal to or less than the threshold
level, an image signal of the minimum gradation level or an image signal of a gradation level less than the prescribed
value is supplied to the display panel 10 in the sub frame period β. When the gradation level of the image signal in the
intermediate state is greater than the threshold level, an image signal of a gradation level, which is increased or de-
creased in accordance with the gradation level of the image signal in the intermediate state, is supplied to the display
panel 10 in the sub frame period β.
[0758] Alternatively, for displaying an image corresponding to one frame period by the sum of time-integrated values
of luminance during two sub frame periods, the CPU 401 repeats the following process using the corresponding section,
based on the display control program and data according to the present invention.
[0759] One of the two sub frame periods is referred to as the sub frame period α, and the other sub frame period is
referred to as the sub frame period β.
[0760] When the gradation level of the input image signal is equal to or less than a threshold level uniquely deter-
mined, an image signal of a gradation level, which is increased or decreased in accordance with the gradation level
of the input image signal, is supplied to the display panel 10 in the sub frame period α. When the gradation level of
the input image signal is greater than the threshold level, an image signal of the maximum gradation level or an image
signal of a gradation level greater than a prescribed value is supplied to the display panel 10 in the sub frame period α.
[0761] When an average value of the gradation level of the image signal in the current frame period and the gradation
level of an image signal input one frame before or one frame after is equal to or less than the threshold level, an image
signal of the minimum gradation level or an image signal of a gradation level les s than the prescribed value is supplied
to the display panel 10 in the sub frame period β. When such an average value is greater than the threshold level, an
image signal of a gradation level, which is increased or decreased in accordance with the average value, is supplied
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to the display panel 10 in the sub frame period β.
[0762] With the above-described execution, the movement blur of moving images can be suppressed while sup-
pressing the reduction in the maximum luminance or contrast.

(Example 11)

[0763] In Example 11 of the present invention, a liquid crystal TV using the image display apparatus and the image
display method described in any of Examples 1 through 10 will be described.
[0764] Figure 65 is a block diagram of a structure of a liquid crystal TV 1000 in Example 11.
[0765] As shown in Figure 65, the liquid crystal TV 1000 includes an image display apparatus 1 which is described
in any of Examples 1 through 10, and a tuner section 1001 for selecting a channel of TV broadcast signal. The TV
broadcast signal of the channel selected by the tuner section 1001 is input to the controller LSI 40 of the image display
apparatus 1 as an image signal.
[0766] With such a structure, the liquid crystal TV 1000 displays high quality images with the movement blur of moving
images being suppressed while suppressing the reduction in the maximum luminance or contrast.

(Example 12)

[0767] In Example 12 of the present invention, a liquid crystal monitoring apparatus using the image display apparatus
and the image display method described in any of Examples 1 through 10 will be described.
[0768] Figure 66 is a block diagram of a structure of a liquid crystal monitoring apparatus 2000 in Example 12.
[0769] As shown in Figure 66, the liquid crystal monitoring apparatus 2000 includes an image display apparatus 1
which is described in any of Examples 1 through 10, and a signal processing section 2001 for processing a monitor
signal from a personal computer (PC) or other external devices. The monitor signal from the signal processing section
2001 is input to the controller LSI 40 of the image display apparatus 1 as an image signal.
[0770] With such a structure, the liquid crystal monitoring apparatus 2000 displays high quality images with the
movement blur of moving images being suppressed while suppressing the reduction in the maximum luminance or
contrast.
[0771] In Example 1, the display control is performed on each of the pixel portions on the screen. Also in Examples
2 through 9, the display control is performed on each of the pixel portions on the screen.
[0772] In Examples 1 through 12, in the case where there are three or more sub frame periods, the gradation level
allocated to the central sub frame period in one frame period is higher than the gradation levels allocated to the other
sub frame periods. The luminance level allocated to the central sub frame period in one frame period is higher than
the luminance levels allocated to the other sub frame periods. The center of gravity of the time-integrated luminance
during a plurality of sub frame periods moves within one frame period.
[0773] In Examples 1 through 12, the display control is performed with one frame period being divided into two or
three sub frame periods. The present invention is not limited to this, but is applicable to display control performed with
one frame period being divided into a plurality of (integer of 2 or greater) sub frame periods. Hereinafter, various
methods for allocating the luminance level assumed for the input image signal to the plurality of sub frame periods will
be described. The gradation levels supplied in the sub frame periods are adjusted so as to realize the luminance level
assumed for the input image signal.
[0774] In the following description, for the sake of clarity, the gradation level of the input image signal is allocated
such that the gradation level is gradually increased to a prescribed level. According to the present invention, the allo-
cation is actually performed instantaneously by, for example, calculation or conversion using a look-up table or the like,
based on the above manner of allocation in accordance with the gradation level of the input image signal.
[0775] Figures 67 through 71 are conceptual views illustrating various methods for allocating the luminance level
assumed for the input image signal to a plurality of sub frame periods in an image display apparatus according to the
present invention. In Figures 67 through 71, one frame includes a plurality of sub frame periods. Each strip shape
represents a sub frame period. The luminance level is being allocated to the sub frame periods represented with dotted
areas, and the luminance level allocated to the sub frame periods represented with hatching has been determined.
[0776] In Figure 67(a), one frame is divided into n sub frame periods, where "n" is an integer of 2 or greater. "n"
includes odd numbers, but in this example, one frame is divided into 6 sub frame periods. As shown in the leftmost
part of Figure 67(a), the luminance level assumed for the input image signal is allocated, starting from the sub frame
period which is at the time-wise center, or closest to the time-wise center, of one frame period for image display (as
represented by dots). (In this example, the allocation of the luminance level is started from the left one of the two sub
frame periods closest to the time-wise center, but the allocation may be started from the right one of the two sub frame
periods closest to the time-wise center.) As shown in the second-from-the-left part of Figure 67(a), when the sub frame
period is filled with the luminance level (as represented by hatching), the luminance level is allocated to the right one
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of the two sub frame periods closest to the time-wise center (as represented by dots). As shown in the central part of
Figure 67(a), when the sub frame period is filled with the luminance level (as represented by hatching), the luminance
level is allocated to the sub frame period which is to the left of the left one of the two sub frame periods closest to the
time-wise center (as represented by dots). As shown in the second-from-the-right part of Figure 67(a), when the sub
frame period is filled with the luminance level (as represented by hatching), the luminance level is allocated to the sub
frame period which is to the right of the right one of the two sub frame periods closest to the time-wise center (as
represented by dots). Such an operation is repeated, so as to allocate the luminance level assumed to the input image
signal to the sub frame periods . The remaining luminance level is allocated to the remaining sub frame period(s), such
that the allocated luminance level is equal to the total luminance level assumed to the input image signal. Thus, the
allocation is completed.
[0777] In Figure 67(b), one frame is divided into n sub frame periods, where "n" is an odd number of 3 or greater. In
this example, one frame is divided into 5 sub frame periods. As shown in the left part of Figure 67(b), the luminance
level assumed for the input image signal is allocated, starting from the sub frame period which is at the time-wise center
of one frame period (the third from the left in this example) for image display (as represented by dots). A reference
value for allocating the gradation level, corresponding to the luminance level assumed for the input image signal, to
the sub frame periods is a threshold level (described in more detail below). At this point, the gradation level of the input
image signal < the threshold level T1. As shown in the central part of Figure 67(b), when the central sub frame period
is filled with the luminance level (as represented by hatching; the threshold level T1), the luminance level is simulta-
neously allocated to the sub frame period to the right of the central sub frame period and the sub frame period to the
left of the central sub frame period (as represented by dots). At this point, the threshold level T1 < the gradation level
of the input image signal < the threshold level T2. As shown in the right part of Figure 67(b), when these sub frame
periods are filled with the luminance level (as represented by hatching; the threshold level T2), the luminance level is
allocated to the sub frame period which is to the left of these sub frame periods and the sub frame period which is to
the right of these sub frame periods (as represented by dots). At this point, the threshold level T2 < the gradation level
of the input image signal. Such an operation is repeated. More specifically, the gradation level corresponding to the
luminance level allocated until the central sub frame period is filled with the luminance level is the threshold level T1.
The gradation level corresponding to the luminance level allocated until the sub frame periods to the left and to the
right of the central sub frame period are filled with the luminance level is the threshold level T2. As the number of sub
frame periods is increased, the number of the threshold levels is also increased. By providing the threshold levels T1
and T2, determinations regarding the control can be quickly made when allocating the luminance level.
[0778] In Figure 67(c), one frame is divided into n sub frame periods, where "n" is an even number of 2 or greater.
In this example, one frame is divided into 6 sub frame periods. As shown in the left part of Figure 67(c), the luminance
level assumed for the input image signal is allocated, starting simultaneously from two sub frame periods which are at
the time-wise center of one frame period (the third and fourth from the left in this example) for image display (as
represented by dots). At this point, the gradation level of the input image signal < the threshold level T1. As shown in
the central part of Figure 67(c), when these central sub frame periods are filled with the luminance level (as represented
by hatching; the threshold level T1), the luminance level is simultaneously allocated to the sub frame periods to the
right and to the left of these central sub frame periods (the second and fifth in this example; as represented by dots).
At this point, the threshold level T1 < the gradation level of the input image signal < the threshold level T2. As shown
in the right part of Figure 67(c), when these sub frame periods are filled with the luminance level (as represented by
hatching; the threshold level T2), the luminance level is allocated to the sub frame periods which are to the left and to
the right of these sub frame periods (the leftmost and rightmost sub frame periods in this example; (as represented by
dots) . At this point, the threshold level T2 < the gradation level of the input image signal. Such an operation is repeated.
[0779] In Figure 67(d), one frame is divided into two sub frame periods. A reference value for allocating the gradation
level, corresponding to the luminance level assumed for the input image signal, to the sub frame periods is the threshold
level T (described in more detail below). As shown in the left part of Figure 67(d), the luminance level assumed for the
input image signal is allocated, starting from one of the two sub frame periods (left in this example; as represented by
dots). At this point, the gradation level of the input image signal < the threshold level T. As shown in the right part of
Figure 67(d) , when the left sub frame period is filled with the luminance level (as represented by hatching; the threshold
level T), the luminance level is allocated to the right sub frame period (as represented by dots). At this point, the
threshold level T < the gradation level of the input image signal. The gradation level corresponding to the luminance
level which can be allocated to one of the sub frame periods is the threshold level T.
[0780] In Figure 68(e), one frame is divided into two sub frame periods. Reference values for allocating the gradation
level, corresponding to the luminance level assumed for the input image signal, to the sub frame periods are the
threshold levels T1 and T2. As shown in the left part of Figure 68(e), the luminance level assumed for the input image
signal is allocated, starting from one of the two sub frame periods (left in this example; as represented by dots). At this
point, the gradation level of the input image signal < the threshold level T1. As shown in the central part of Figure 68
(e), when the gradation level corresponding to the luminance level assumed for the input image signal reaches the
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threshold level T1 in the left sub frame period, the luminance level is also allocated to the right sub frame period (as
represented by dots) as well as to the left sub frame period. At this point, the threshold level T1 < the gradation level
of the input image signal < the threshold level T2. As shown in the right part of Figure 68(e), when the gradation level
corresponding to the luminance level assumed for the input image signal reaches the threshold level T2 in the left sub
frame period, the remaining luminance level is allocated to the right sub frame period (as represented by dots), and
the allocation is completed. At this point, the threshold level T2 < the gradation level of the input image signal.
[0781] In Figure 68(f), one frame is divided into two sub frame periods. Reference values for allocating the gradation
level, corresponding to the luminance level assumed for the input image signal, to the sub frame periods are the
threshold levels T1 and T2. As shown in the left part of Figure 68(f), the luminance level assumed for the input image
signal is allocated, starting from one of the two sub frame periods (left in this example; as represented by dots). At this
point, the gradation level of the input image signal < the threshold level T1. As shown in the central part of Figure 68
(f), when the gradation level corresponding to the luminance level assumed for the input image signal reaches the
threshold level T1 in the left sub frame period, the luminance level allocated to the left sub frame period is temporarily
fixed (i.e., the allocation is paused), and the luminance level assumed for the input image signal is allocated to the
other sub frame period (right in this example; as represented by dots). At this point, the threshold level T1 < the gradation
level of the input image signal < the threshold level T2. As shown in the right part of Figure 68(f), when the gradation
level corresponding to the luminance level assumed for the input image signal reaches the threshold level T2 in the
right sub frame period, the luminance level allocated to the left sub frame period is released from the fixed state, and
the remaining luminance level is allocated to the left sub frame period (as represented by dots). Thus, the allocation
is completed. At this point, the threshold level T2 < the gradation level of the input image signal. In this manner, the
center of gravity of luminance is averaged.
[0782] In Figure 68(g), one frame is divided into two sub frame periods. A reference value for allocating the gradation
level, corresponding to the luminance level assumed for the input image signal, to the sub frame periods is the threshold
level T. As shown in the left part of Figure 68(g), the luminance level assumed for the input image signal is allocated,
starting from one of the two sub frame periods (left in this example; as represented by dots). At this point, the gradation
level of the input image signal < the threshold level T. As shown in the right part of Figure 68(g), when the gradation
level corresponding to the luminance level assumed for the input image signal reaches the threshold level T in the left
sub frame period, the luminance level to the left sub frame period is made maximum, while a luminance level is allocated
to the right sub frame period in consideration of the image state of the next one frame. More specifically, it is checked
if there is a difference between the image currently input and the image which is to be input next (i.e., the movement).
When there is a difference, the remaining luminance level is allocated to the right sub frame period, such that the
luminance level of the right sub frame period is the luminance level assumed for an input image signal in an intermediate
state in terms of time between the image currently input and the image which is to be input next (i.e., the image between
the two images is estimated). Then, the left sub frame period is filled with the luminance level (the threshold level T).
At this point, the threshold level T < the gradation level of the input image signal. In this manner, the generation of
pseudo profiles is suppressed.
[0783] In Figure 68 (h), one frame is divided into two sub frame periods. A reference value for allocating the gradation
level, corresponding to the luminance level assumed for the input image signal, to the sub frame periods is the threshold
level T. As shown in the left part of Figure 68(h), the luminance level assumed for the input image signal is allocated,
starting from one of the two sub frame periods (left in this example; as represented by dots). At this point, the gradation
level of the input image signal < the threshold level T. As shown in the right part of Figure 68(h), when the gradation
level corresponding to the luminance level assumed for the input image signal reaches the threshold level T in the left
sub frame period, the luminance level allocated to the left sub frame period is made maximum. Concurrently, an average
value of the image currently input and the image which is to be input next is calculated, and the remaining luminance
level assumed for an input image signal of the average value is allocated to the other sub frame period (right in this
example). Then, the left sub frame period is filled with the luminance level (the threshold level T). At this point, the
threshold level T < the gradation level of the input image signal.
[0784] Figure 69(i) show the case where the sub frame periods have different lengths. Figure 69(j) shows the case
where the sub frame periods have the same length. As the length of a sub frame period is shorter, a higher impulse
effect is obtained. When the sub frame period is longer, the center of gravity of luminance tends to be closer to the
longer sub frame period and does not move easily. Owing to such characteristics, the effect provided by the center of
gravity of luminance and the impulse effect can be changed by, for example, increasing or decreasing a sub frame
period at a prescribed position (e.g., the sub frame period at the time-wise center of one frame period). Figure 69(i) is
applicable to Figures 67(a) through 68(h) Figure 69(j) is applicable to Figure 67(b).
[0785] In Figure 69(k), the method of allocation is substantially the same as that of Figure 68(e) except for the
following. In addition to the operation in Figure 68(e), the luminance level is allocated such that the difference between
the gradation levels or luminance levels allocated to the left sub frame period and the gradation level or luminance
level allocated to the right sub frame period is constant. This will described below specifically.
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[0786] One frame is divided into two sub frame periods. Reference values for allocating the gradation level, corre-
sponding to the luminance level assumed for the input image signal, to the sub frame periods are the threshold levels
T1 and T2. As shown in the left part of Figure 69(k), the luminance level assumed for the input image signal is allocated,
starting from one of the two sub frame periods (left in this example; as represented by dots). At this point, the gradation
level of the input image signal < the threshold level T1. As shown in the central part of Figure 69(k), when the gradation
level corresponding to the luminance level assumed for the input image signal reaches the threshold level T1 in the
left sub frame period, the luminance level is allocated also to the right sub frame period (as represented by dots). In
more detail, the luminance level is allocated simultaneously to the left sub frame period and the right sub frame period
at the same speed, such that the difference between the gradation levels or the luminance levels allocated to the left
sub frame period and the right sub frame period is constant. At this point, the threshold level T1 < the gradation level
of the input image signal < the threshold level T2. As shown in the right part of Figure 69(k), when the gradation level
corresponding to the luminance level assumed for the input image signal reaches the threshold level T2 in the left sub
frame period, the remaining luminance level is allocated to the right sub frame period (as represented by dots), and
the allocation is completed. At this point, the threshold level T2 < the gradation level of the input image signal.
[0787] In Figure 69(1), the method of allocation is substantially the same as that of Figure 69 (k) except for the
following. The luminance level is allocated to the left sub frame period and the right sub frame period, such that the
difference between the gradation level or luminance level allocated to the left sub frame period and the gradation level
or luminance level allocated to the right sub frame period is in accordance with a prescribed function. The function
encompasses the constant value as the difference in the case of Figure 69(k), and also encompasses a value obtained
by multiplying the constant by a prescribed coefficient which defines a manner of allocation of the luminance level.
Figure 69(l) is applicable to Figures 68(e) and Figure 68(f).
[0788] Figure 70(m) is regarding the response speed of a liquid crystal material. In the case where the response
time of the liquid crystal material to an increase in luminance is different from the response time of the liquid crystal
material to a decrease in luminance, it is checked whether the allocation should start from the first sub frame period
or from the second sub frame period in order to provide less harm. In this example, the allocation of the luminance
level is started from the second sub frame period when the response time of the liquid crystal material to an increase
in luminance > the response time of the liquid crystal material to a decrease in luminance. The allocation of the lumi-
nance level is started from the first sub frame period when the response time of the liquid crystal material to an increase
in luminance < the response time of the liquid crystal material to a decrease in luminance. Figure 70(m) is applicable
to Figures 67(d) through 68(h).
[0789] Here, Figure 70(m) is applied to Figure 67(d). When the liquid crystal material to an increase in luminance >
the response time of the liquid crystal material to a decrease in luminance, the luminance level assumed for the input
image signal is allocated, starting from the second (right) sub frame period among the two sub frame periods (as
represented by dots). At this point, the gradation level of the input image signal < the threshold level T. When the
second sub frame period is filled with the luminance level, the luminance level is allocated to the first (left) sub frame
period (as represented by dots). At this point, the threshold level T < the gradation level of the input image signal.
When the liquid crystal material to an increase in luminance < the response time of the liquid crystal material to a
decrease in luminance, the luminance level assumed for the input image signal is allocated, starting from the first (left)
sub frame period among the two sub frame periods (as represented by dots). At this point, the gradation level of the
input image signal < the threshold level T. When the first sub frame period is filled with the luminance level, the luminance
level is allocated to the second (right) sub frame period (as represented by dots). At this point, the threshold level T <
the gradation level of the input image signal.
[0790] Figure 70(n) is the response speed of a display element. The maximum luminance level of the display element
is Lmax, and the minimum luminance level of the display element is Lmin. In the case where the response time of the
display element to a luminance switch from Lmax to Lmin is different from the response time of the display element to
a luminance switch from Lmin to Lmax, it is checked whether the allocation should start from the first sub frame period
or from the second sub frame period in order to provide less harm. In this example, the allocation of the luminance
level is started from the second sub frame periodwhen the response time of the display element to a luminance switch
from Lmin to Lmax (the luminance is increased) > the response time of the display element to a luminance switch from
Lmax to Lmin (the luminance is decreased) . The allocation of the luminance level is started from the first sub frame
period when the response time of the display element to a luminance switch fromLmin to Lmax (the luminance is
increased) < the response time of the display element to a luminance switch from Lmax to Lmin (the luminance is
decreased). Figure 70(n) is applicable to Figures 67(d) through 68(h).
[0791] In Figure 70(o), the upper limit L for the gradation level corresponding to the luminance level to be allocated
to the sub frame periods is set. Figure 70(o) is applicable to figures 67(a) through 68(h).
[0792] For example, as in the case of Figure 67(d), one frame is divided into two sub frame periods. A reference
value for allocating the gradation level, corresponding to the luminance level assumed for the input image signal, to
the sub frame periods is the threshold level T. The luminance level assumed for the input image signal is allocated,
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starting from one of the two sub frame periods (as represented by dots). At this point, the gradation level of the input
image signal < the threshold level T. When the gradation level corresponding to the luminance level assumed for the
input image signal reaches the upper limit L (as represented by hatching; the threshold level T), the luminance level
is allocated to the other sub frame period (as represented by dots). At this point, the threshold level T < the gradation
level of the input image signal.
[0793] In Figure 70(p), the upper limits L1, L2 and L3 for the gradation level corresponding to the luminance level
to be allocated to the sub frame periods are set. The upper limits L1, L2 and L3 are made higher as the sub frame
period is closer to the time-wise center of one frame period. Figure 70(p) is applicable to figures 67(a) through 67(c).
[0794] For example, as in the case of Figure 67(b), one frame is divided into n sub frame periods, where "n" is an
odd number of 3 or greater. In this example, one frame is divided into 5 sub frame periods. The luminance level assumed
for the input image signal is allocated, starting from the sub frame period which is at the time-wise center of one frame
period (the third from the left in this example) for image display (as represented by dots). At this point, the gradation
level of the input image signal < the threshold level T1. When the gradation level corresponding the luminance level
in the central sub frame period reaches the highest upper limit L1 (as represented by hatching; the threshold level T1),
the luminance level is simultaneously allocated to the sub frame period to the right of the central sub frame period and
the sub frame period to the left of the central sub frame period (as represented by dots). At this point, the threshold
level T1 < the gradation level of the input image signal < the threshold level T2. When the gradation level corresponding
to the luminance level in these sub frame periods reaches the second highest upper limit L2 (as represented by hatch-
ing; the threshold level T2), the luminance level is allocated to the sub frame period which is to the left of these sub
frame periods and the sub frame period which is to the right of these sub frame periods (as represented by dots), until
the gradation level corresponding to the luminance level in these sub frame periods reaches the lowest upper limit L3.
At this point, the threshold level T2 < the gradation level of the input image signal. The upper limit L3 < the upper limit
L2 < the upper limit L1.
[0795] In Figure 71(q), the upper limits L1 and L2 for the gradation level corresponding to the luminance level to be
allocated to the sub frame periods are set, such that the upper limit L1 is higher than the upper limit L2. Figure 71(q)
is applicable to Figures 67(d) through 68(h).
[0796] For example, as in the case of Figure 67(d), one frame is divided into two sub frame periods. A reference
value for allocating the gradation level, corresponding to the luminance level assumed for the input image signal, to
the sub frame periods is the threshold level T. The luminance level assumed for the input image signal is allocated,
starting from one of the two sub frame periods (as represented by dots). At this point, the gradation level of the input
image signal < the threshold level T. When the gradation level corresponding to the luminance level reaches the higher
upper limit L1 (as represented by hatching; the threshold level T), the luminance level is allocated to the right sub frame
period until the luminance level reaches the lower upper limit L2 (as represented by dots). At this point, the threshold
level T < the gradation level of the input image signal. The lower upper limit L2 > the higher upper limit L1.
[0797] By providing the upper limits L as in Figures 70(o) through 71(q) , even when the gradation level of the input
image signal is maximum, the luminance level in all the sub frame periods does not become 100%. Thus, the impulse
effect can be provided as by the minimum (luminance) insertion system. In the case where the upper limit is higher as
the sub frame period is closer to the time-wise center, the center of gravity of luminance is located at the center.
[0798] In Figure 71(r), the method of allocation is substantially the same as that of Figure 67(a) except for the fol-
lowing. The luminance level in each sub frame period is set such that the relationship between the luminance level
assumed for the input image signal and the time-integrated luminance exhibits an appropriate gamma luminance char-
acteristic.
[0799] More specifically, the luminance level to be allocated to each sub frame period is determined, such that: the
number of sub frame periods to which the luminance level is allocated is increased or decreased in accordance with
the gradation level of the input image signal, whereas the time-integrated luminance in one frame period always exhibits
an appropriate gamma luminance characteristic with respect to the gradation level of the input image signal. Then, the
gradation level which realizes such a luminance level is set.
[0800] In Figure 71(s), in addition to the operation of Figure 71(r), the threshold level of the gradation level, which
acts as reference to the allocation of luminance level to each sub frame period is set, such that the time-integrated
luminance in one frame period always exhibits an appropriate gamma luminance characteristic with respect to the
gradation level of the input image signal.
[0801] According to the present invention, the following effects are provided in, for example, the field of an image
display apparatus using a hold-type image display device such as a liquid crystal display device or an EL display device:
the reduction in the maximum luminance and contrast is suppressed; the deterioration in quality caused by the time-
wise center of gravity of the display luminance being different in accordance with the gradation level of an input image
signal is minimized; and minimizing the deterioration of quality of moving images represented by afterimage and move-
ment blur, while maintaining the compatibility in terms of gradation representation with an image signal which is gen-
erated so as to be output to image display devices having a general gamma luminance characteristic.
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[0802] Various other modifications will be apparent to and can be readily made by those skilled in the art without
departing from the scope and spirit of this invention. Accordingly, it is not intended that the scope of the claims appended
hereto be limited to the description as set forth herein, but rather that the claims be broadly construed.

Claims

1. An image display apparatus for performing image display by dividing one frame period into a plurality of sub-frame
periods, determining a gradation level of each of the sub-frame periods in accordance with a gradation level of an
input image signal and supplying the determined gradation level to an image display section, the image display
apparatus comprising:

a display control section, wherein the display control section supplies a relatively largest gradation level in a
relatively central sub-frame period which is at a time-wise center or closest to the time-wise center of one
frame period, and supplies a sequentially lowered gradation level in a sub-frame period which is sequentially
farther from the relatively central sub-frame period.

2. An image display apparatus according to claim 1, wherein:

when the gradation of the input image signal is relatively smallest , the display control section supplies a
relatively smallest gradation level to all the sub-frame periods; and
when the gradation of the input image signal is relatively largest, the display control section supplies a relatively
largest gradation level to all the sub-frame periods.

3. An image display apparatus according to claim 1, wherein the display control section performs image display by
the image display section by controlling the gradation level supplied in each sub-frame period, such that a time-
integrated value of luminance corresponding to the input image signal represents a prescribed luminance charac-
teristic.

4. An image display apparatus according to claim 2 , wherein the display control section performs image display by
the image display section by controlling the gradation level supplied in each sub-frame period, such that a time-
integrated value of luminance corresponding to the input image signal represents a prescribed luminance charac-
teristic.

5. An image display apparatus for performing one frame of image display by a sum of time-integrated values of
luminance displayed in an image display section in n sub-frame periods (where n is an integer of 2 or greater), the
image display apparatus comprising:

a display control section for performing the n sub-frame periods of image display control on the image display
section in each one-frame period, wherein:

in a relatively central sub-frame period which is at a time-wise center, or closest to the time-wise center,
of one frame period for image display, the display control section supplies, to the image display section,
an image signal of a relatively largest gradation level within the range in which a sum of time-integrated
value of luminance in the n sub-frame periods does not exceed the luminance level corresponding to the
gradation level of an input image signal;
when the sum of time-integrated values of luminance in the relatively central sub-frame period does not
reach the luminance level corresponding to the gradation level of the input image signal, the display control
section supplies, to the image display section, an image signal of the relatively largest gradation level
within the range in which the sum of time-integrated values of luminance in the n sub-frame periods does
not exceed the luminance level corresponding to the gradation level of the input image signal, in each of
a preceding sub-frame period before the central sub-frame period and a subsequent sub-frame period
after the central sub-frame period;
when the sum of time-integrated values of luminance in the relatively central sub-frame period, the pre-
ceding sub-frame period and the subsequent sub-frame period still do not reach the luminance level cor-
responding to the gradation level of the input image signal, the display control section supplies, to the
image display section, an image signal of the relatively largest gradation level within the range in which
the sum of time-integrated values of luminance in the n sub-frame periods does not exceed the luminance
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level corresponding to the gradation level of the input image signal, in each of a sub-frame period before
the preceding sub-frame period and a sub-frame period after the subsequent sub-frame period;
the display control section repeats the operation until the sum of time-integrated values of luminance in
all the sub-frame periods in which the image signals have been supplied reaches the luminance level
corresponding to the gradation level of the input image signal; and
when the sum reaches the luminance level corresponding to the gradation level of the input image signal,
the display control section supplies, to the image display section, an image signal of a relatively smallest
gradation level or an image signal of a gradation level lower than a prescribed value in the remaining sub-
frame periods.

6. An image display apparatus for performing one frame of image display by a sum of time-integrated values of
luminance displayed in an image display section in n sub-frame periods (where n is an odd number of 3 or greater),
the image display apparatus comprising:

a display control section for performing the n sub-frame periods of image display control on the image display
section in each one-frame period, wherein:

the sub-frame periods are referred to as a first sub-frame period, a second sub-frame period, ... the n'th
sub-frame period from the sub-frame period which is earliest in terms of time or from the sub-frame period
which is latest in terms of time; and the sub-frame period which is at a time-wise center of one frame
period for image display is referred to as the m'th sub-frame period, where m = (n + 1)/2;
(n + 1)/2-number of threshold levels are provided for the gradation level of an input image signal, and the
threshold levels are referred to as T1, T2, ... T[(n + 1)/2] from the smallest threshold level;
when the gradation level of the input image signal is equal to or less than T1, the display control section
supplies, to the image display section, an image signal of a gradation level which is increased or decreased
in accordance with the gradation level of the input image signal in the m'th sub-frame period, and an image
signal of a relatively smallest gradation level or an image signal lower than a prescribed value in the other
sub-frame periods;
when the gradation level of the input image signal is greater than T1 and equal to or less than T2, the
display control section supplies, to the image display section, an image signal of a relatively largest gra-
dation level or an image signal of a gradation level greater than the prescribed value in the m'th sub-frame
period, an image signal of a gradation level which is increased or decreased in accordance with the gra-
dation level of the input image signal in each of the (m-1)'th sub-frame periods and the (m+1)'th sub-frame
periods, and an image signal of the relatively smallest gradation level or an image signal of a gradation
level lower then the prescribed value in the other sub-frame periods;
when the gradation level of the input image signal is greater than T2 and equal to or less than T3, the
display control section supplies, to the image display section, an image signal of the relatively largest
gradation level or an image signal of a gradation level greater than the prescribed value in each of the
m'th sub-frame periods, the (m-1)'th sub-frame periods and the (m+1)'th sub-frame periods, an image
signal of a gradation level which is increased or decreased in accordance with the gradation level of the
input image signal in each of the (m-2)'th sub-frame periods and the (m+2)'th sub-frame periods, and an
image signal of the relatively smallest gradation level or an image signal of a gradation level lower than
the prescribed value in the other sub-frame periods; and in this manner,
when the gradation level of the input image signal is greater than Tx-1 (x is an integer of 4 or greater) and
equal to or less than Tx, the display control section supplies, to the image display section, an image signal
of the relatively largest gradation level or an image of a gradation level greater than the prescribed value
in each of the [m-(x-2)]'th sub-frame periods through the [m+(x-2)]'th sub-frame period, an image signal
of a gradation level which is increased or decreased in accordance with the gradation level of the input
image signal in each of the [m-(x-1)]'th sub-frame periods through the [m+(x-1)]'th sub-frame period, and
an image signal of the relatively smallest gradation level or an image signal of a gradation level lower than
the prescribed value in the other sub-frame periods.

7. An image display apparatus for performing one frame of image display by a sum of time-integrated values of
luminance displayed in an image display section in n sub-frame periods (where n is an even number of 2 or greater),
the image display apparatus comprising:

a display control section for performing the n sub-frame periods of image display control on the image display
section in each one-frame period, wherein:
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the sub-frame periods are referred to as a first sub-frame period, a second sub-frame period, ... the n'th
sub-frame period from the sub-frame period which is earliest in terms of time or from the sub-frame period
which is latest in terms of time; and two sub-frame periods which are closest to a time-wise center of one
frame period for image display are referred to as the m1st sub-frame period and the m2nd sub-frame
period, where m1 = n/2 and m2 = n/2 + 1;
n/2-number of threshold levels are provided for the gradation level of an input image signal, and the thresh-
old levels are referred to as T1, T2, ... T[n/2] from the smallest threshold level;
when the gradation level of the input image signal is equal to or less than T1, the display control section
supplies, to the image display section, an image signal of a gradation level which is increased or decreased
in accordance with the gradation level of the input image signal in each of the m1st sub-frame period and
the m2nd sub-frame period, and an image signal of a relatively smallest gradation level or an image signal
of a gradation level lower than a prescribed value in the other sub-frame periods;
when the gradation level of the input image signal is greater than T1 and equal to or less than T2, the
display control section supplies, to the image display section, an image signal of a relatively largest gra-
dation level or an image signal of a gradation level greater than the proscribed value in each of the m1st
sub-frame period and the m2nd sub-frame period, an image signal of a gradation level which is increased
or decreased in accordance with the gradation level of the input image signal in each of the (m1-1)'th sub-
frame period and the (m2+1)'th sub-frame period, and an image signal of the relatively smallest gradation
level or an image signal of a gradation level lower than the proscribed value in the other sub-frame periods;
when the gradation level of the input image signal is greater than T2 and equal to or less than T3, the
display control section supplies, to the image display section, an image signal of the relatively largest
gradation level or an image signal of a gradation level greater than the prescribed value in each of the
m1st sub-frame period, the m2nd sub-frame period, the (m1-1)'th sub-frame period and the (m2+1)'th
sub-frame period, an image signal of a gradation level which is increased or decreased in accordance
with the gradation level of the input image signal in each of the (m1-2)'th sub-frame period and the (m2+2)
'th sub-frame period, and an image signal of the relatively smallest gradation level or an image signal of
a gradation level lower than the prescribed value in the other sub-frame periods; and in this manner,
when the gradation level of the input image signal is greater than Tx-1 (x is an integer of 4 or greater) and
equal to or less than Tx, the display control section supplies, to the image display section, an image signal
of the relatively largest gradation level or an image signal of a gradation level greater than the prescribed
value in each of the [m1-(x-2)]'th sub-frame periods through the [m2+(x-2)]'th sub-frame period, an image
signal of a gradation level which is increased or decreased in accordance with the gradation level of the
input image signal in each of the [m1-(x-1)]'th sub-frame periods through the [m2+(x-1)]'th sub-frame
period, and an image signal of the relatively smallest gradation level or an image signal of a gradation
level lower than the prescribed value in the other sub-frame periods.

8. An image display apparatus for performing one frame of image display by a sum of time-integrated values of
luminance displayed in an image display section in two sub-frame periods, the image display apparatus comprising:

a display control section for performing the two sub-frame periods of image display control on the image display
section in each one-frame period, wherein:

one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period is
referred to as a sub-frame period β;
when the gradation level of an input image signal is equal to or less than a threshold level uniquely de-
termined, the display control section supplies, to the image display section, an image signal of a gradation
level which is increased or decreased by the gradation level of the input image signal in the sub-frame
period α, and an image signal of a relatively smallest gradation level or an image signal of a gradation
level lower than a prescribed value in the sub-frame period β; and
when the gradation level of the input image signal is greater than the threshold level, the display control
section supplies, to the image display section, an image signal of a relatively largest gradation level or an
image signal of a gradation level greater than the proscribed value in the sub-frame period α; and an
image signal of a gradation level which is increased or decreased by the gradation level of the input image
signal in the sub-frame period β.

9. An image display apparatus for performing one frame of image display by a sum of time-integrated values of
luminance displayed in an image display section in two sub-frame periods , the image display apparatus compris-
ing:
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a display control section for performing the two sub-frame periods of image display control on the image display
section in each one-frame period, wherein:

one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period is
referred to as a sub-frame period β; and threshold levels, T1 and T2, of the gradation levels in the two
sub-frame periods are defined, and the threshold level T2 is greater than the threshold level T1;
when the gradation level of an input image signal is equal to or less than the threshold level T1, the display
control section supplies, to the image display section, an image signal of a gradation level which is in-
creased or decreased in accordance with the gradation level of the input image signal in the sub-frame
period α, and an image signal of a relatively smallest gradation level or an image signal of a gradation
level lower than a prescribed value in the sub-frame period β;
when the gradation level of the input image signal is greater than the threshold level T1 and equal to or
less than the threshold level T2, the display control section supplies, to the image display section, an
image signal of a gradation level which is increased or decreased in accordance with the gradation level
of the input image signal in the sub-frame period α, and an image signal of a gradation level which is lower
than the gradation level supplied in the sub-frame period α and which is increased or decreased in ac-
cordance with the gradation level of the input image signal in the sub-frame period β; and
when the gradation level of the input image signal is greater than the threshold level T2, the display control
section supplies, to the image display section, an image signal of a relatively largest gradation level or an
image signal of a gradation level which is greater than the prescribed value in the sub-frame period α,
and an image signal of a gradation level which is increased or decreased in accordance with the gradation
level of the input image signal in the sub-frame period β.

10. An image display apparatus for performing one frame of image display by a sum of time-integrated values of
luminance displayed in an image display section in two sub-frame periods, the image display apparatus comprising:

a display control section for performing the two sub-frame periods of image display control on the image display
section in each one-frame period, wherein:

one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period is
referred to as a sub-frame period β; threshold levels, T1 and T2, of the gradation levels in the two sub-
frame periods are defined, and the threshold level T2 is greater than the threshold level T1; and a gradation
level L is uniquely determined;
when the gradation level of an input image signal is equal to or less than the threshold level T1, the display
control section supplies, to the image display section, an image signal of a gradation level which is in-
creased or decreased in accordance with the gradation level of the input image signal in the sub-frame
period α, and an image signal of a relatively smallest gradation level or an image signal of a gradation
level lower than a prescribed level in the sub-frame period β;
when the gradation level of the input image signal is greater than the threshold level T1 and equal to or
less than the threshold level T2, the display control section supplies, to the image display section, an
image signal of the gradation level L in the sub-frame period α, and an image signal of a gradation level
which is increased or decreased in accordance with the gradation level of the input image signal in the
sub-frame period β; and
when the gradation level of the input image signal is greater than the threshold level T2, the display control
section supplies, to the image display section, an image signal of a gradation level which is increased or
decreased in accordance with the gradation level of the input image signal in the sub-frame period α, and
an image signal of a relatively largest gradation level or an image signal of a gradation level greater than
the prescribed value in the sub-frame period β.

11. An image display apparatus for performing one frame of image display by a sum of time-integrated values of
luminance displayed in an image display section in two sub-frame periods, the image display apparatus comprising:

a display control section for performing the two sub-frame periods of image display control on the image display
section in each one-frame period, wherein:

the display control section generates an image in an intermediate state in terms of time through estimation
based on two frames of images continuously input;
one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period is
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referred to as a sub-frame period β;
in the sub-frame period α, when the gradation level of an input image signal is equal to or less than a
threshold level uniquely determined, the display control section supplies, to the image display section, an
image signal of a gradation level which is increased or decreased in accordance with the gradation level
of the input image signal; and when the gradation level of the input image signal is greater than the thresh-
old level, the display control section supplies, to the image display section, an image signal of a relatively
largest gradation level or an image signal of a gradation level greater than a prescribed value; and
in the sub-frame period β, when the gradation level of the image signal in the intermediate state is equal
to or less than the threshold level, the display control section supplies, to the image display section, an
image signal of a relatively smallest gradation level or an image signal of a gradation level lower than the
prescribed value; and when the gradation level of the image signal in the intermediate state is greater
than the threshold level, the display control section supplies, to the image display section, an image signal
of a gradation level which is increased or decreased in accordance with the gradation level of the image
signal in the intermediate state.

12. An image display apparatus for performing one frame of image display by a sum of time-integrated values of
luminance displayed in an image display section in two sub-frame periods, the image display apparatus comprising:

a display control section for performing the two sub-frame periods of image display control on the image display
section in each one-frame period, wherein:

one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period is
referred to as a sub-frame period β;
in the sub-frame period α, when the gradation level of an input image signal is equal to or less than a
threshold level uniquely determined, the display control section supplies, to the image display section, an
image signal of a gradation level which is increased or decreased in accordance with the gradation level
of the input image signal; and when the gradation level of the input image signal is greater than the thresh-
old level, the display control section supplies, to the image display section, an image signal of a relatively
largest gradation level or an image signal of a gradation level greater than a proscribed value; and
in the sub-frame period β, when an average value of the gradation level of the image signal in the current
frame period and the gradation level of an image signal input one frame before or one frame after is equal
to or less than the threshold level, the display control section supplies, to the image display section, an
image signal of a relatively smallest gradation level or an image signal of a gradation level lower than the
prescribed value ; and when the average value is greater than the threshold level, the display control
section supplies, to the image display section, an image signal of a gradation level which is increased or
decreased in accordance with the average value.

13. An image display apparatus according to claim 1, wherein the sub-frame periods have an identical length to each
other or different lengths from each other.

14. An image display apparatus according to claim 1, wherein the display control section sets an upper limit of the
gradation level of the image signal supplied in each sub-frame period.

15. An image display apparatus according to claim 1, wherein:

where upper limits of the gradation levels of the image signals supplied in the first, second, ... n'th sub-frame
periods are respectively referred to as L1, L2, ... Ln; and the sub-frame period which is at the time-wise the
center, or closest to the time-wise center, of one frame period is referred to as the j'th sub-frame period,
the display control section sets the upper limits so as to fulfill:

where i is an integer of 0 or greater and less than j.

L[j - i] ≥ L[j - (i + 1)];

L[j + i] ≥ L[j + (i + 1)]
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16. An image display apparatus according to claim 1, wherein the image display section sets the gradation level of
the image signal supplied in each sub-frame period after being increased or decreased in accordance with the
gradation level of the input image signal, such that the relationship between the gradation level of the input image
signal and the time-integrated values of luminance during one frame period exhibits an appropriate gamma lumi-
nance characteristic.

17. An image display apparatus according to claim 16, further comprising a gamma luminance characteristic setting
section for externally setting the gamma luminance characteristic, wherein:

the display control section is capable of changing the gamma luminance characteristic which is externally set
by the gamma luminance characteristic setting section.

18. An image display apparatus according to claim 1, further comprising a temperature detection section for detecting
a temperature of a display panel or the vicinity thereof, wherein:

in accordance with the temperature detected by the temperature detection section, the display control section
sets the gradation level of the image signal supplied in each sub-frame period after being increased or de-
creased in accordance with the gradation level of the input image signal.

19. An image display apparatus according to claim 1, wherein where the input image signal has a plurality of color
components, the display control section sets the gradation level of the image signal supplied in each sub-frame
period, such that the ratio between the luminance level displayed in each sub-frame period of a color other than
a color having a highest gradation level of input image signal, is equal to the ratio between the luminance level
displayed in each sub-frame period of the color having the highest gradation level of input image signal.

20. An image display apparatus according to claim 1, wherein where the plurality of sub-frame periods are three or
more sub-frame periods, the gradation level allocated to the central sub-frame period in one frame period is higher
than the gradation levels allocated to the other sub-frame periods at ends of one frame period.

21. An image display apparatus according to claim 1, wherein where the plurality of sub-frame periods are three or
more sub-frame periods, the luminance level of the image signal allocated to the central sub-frame period in one
frame period is higher than the luminance levels of the image signal allocated to the other sub-frame periods at
ends of one frame period.

22. An image display apparatus according to claim 1. wherein a time-wise center of gravity of time-integrated values
of luminance in the plurality of sub-frame periods moves within one sub-frame period.

23. An image display apparatus according to claim 1, wherein the display control section performs display control on
each of a plurality of pixel portions on a display screen.

24. An image display apparatus according to claim 23, wherein each pixel portion includes one pixel or a prescribed
number of pixels.

25. An image display apparatus according to claim 1, wherein the gradation level of the image signal allocated in an
earlier sub-frame period is half or less of the gradation level of the image signal allocated in a later sub-frame period.

26. An image display apparatus according to claim 5, wherein the sub-frame periods have an identical length to each
other or different lengths from each other.

27. An image display apparatus according to claim 5, wherein the display control section sets an upper limit of the
gradation level of the image signal supplied in each sub-frame period.

28. An image display apparatus according to claim 5, wherein:

where upper limits of the gradation levels of the image signals supplied in the first, second, ... n'th sub-frame
periods are respectively referred to as L1, L2, ... Ln; and the sub-frame period which is at the time-wise the
center, or closest to the time-wise center, of one frame period is referred to as the j'th sub-frame period,
the display control section sets the upper limits so as to fulfill:
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where i is an integer of 0 or greater and less than j.

29. An image display apparatus according to claim 5, wherein the image display section sets the gradation level of
the image signal supplied in each sub-frame period after being increased or decreased in accordance with the
gradation level of the input image signal, such that the relationship between the gradation level of the input image
signal and the time-integrated values of luminance during one frame period exhibits an appropriate gamma lumi-
nance characteristic.

30. An image display apparatus according to claim 29, further comprising a gamma luminance characteristic setting
section for externally setting the gamma luminance characteristic, wherein:

the display control section is capable of changing the gamma luminance characteristic which is externally set
by the gamma luminance characteristic setting section.

31. An image display apparatus according to claim 5, further comprising a temperature detection section for detecting
a temperature of a display panel or the vicinity thereof, wherein:

in accordance with the temperature detected by the temperature detection section, the display control section
sets the gradation level of the image signal supplied in each sub-frame period after being increased or de-
creased in accordance with the gradation level of the input image signal.

32. An image display apparatus according to claim 5, wherein where the input image signal has a plurality of color
components, the display control section sets the gradation level of the image signal supplied in each sub-frame
period, such that the ratio between the luminance level displayed in each sub-frame period of a color other than
a color having a highest gradation level of input image signal, is equal to the ratio between the luminance level
displayed in each sub-frame period of the color having the highest gradation level of input image signal.

33. An image display apparatus according to claim 5, wherein the gradation level which is greater than the prescribed
value is a gradation level of greater than 90% where the relatively largest gradation level is 100%, and the gradation
level which is lower than the prescribed value is a gradation level lower than 10% where the relatively smallest
gradation level is 0%.

34. An image display apparatus according to claim 5, wherein the gradation level which is greater than the prescribed
value is a gradation level corresponding to a luminance level greater than 90% where the relatively largest lumi-
nance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 10% where the relatively smallest luminance level is 0%.

35. An image display apparatus according to claim 5, wherein the gradation level which is greater than the prescribed
value is a gradation level greater than 98% where the relatively largest gradation level is 100%, and the gradation
level which is lower than the prescribed value is a gradation level lower than 2% where the relatively smallest
gradation level is 0%.

36. An image display apparatus according to claim 5, wherein the gradation level which is greater than the prescribed
value is a gradation level corresponding to a luminance level greater than 98% where the relatively largest lumi-
nance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 2% where the relatively smallest luminance level is 0%.

37. An image display apparatus according to claim 5, wherein where the plurality of sub-frame periods are three or
more sub-frame periods, the gradation level allocated to the central sub-frame period in one frame period is higher
than the gradation levels allocated to the other sub-frame periods at ends of one frame period.

38. An image display apparatus according to claim 5, wherein where the plurality of sub-frame periods are three or

L[j - i] ≥ L[j - (i + 1)];

L[j + i] ≥ L[j + (i + 1)]
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more sub-frame periods, the luminance level of the image signal allocated to the central sub-frame period in one
frame period is higher than the luminance levels of the image signal allocated to the other sub-frame periods at
ends of one frame period.

39. An image display apparatus according to claim 5, wherein a time-wise center of gravity of time-integrated values
of luminance in the plurality of sub-frame periods moves within one sub-frame period.

40. An image display apparatus according to claim 5, wherein the display control section performs display control on
each of a plurality of pixel portions on a display screen.

41. An image display apparatus according to claim 40, wherein each pixel portion includes one pixel or a prescribed
number of pixels.

42. An image display apparatus according to claim 6, wherein the sub-frame periods have an identical length to each
other or different lengths from each other.

43. An image display apparatus according to claim 6, wherein the m'th sub-frame period has a longer length than the
other sub-frame periods.

44. An image display apparatus according to claim 6, wherein the display control section sets an upper limit of the
gradation level of the image signal supplied in each sub-frame period.

45. An image display apparatus according to claim 6, wherein:

where upper limits of the gradation levels of the image signals supplied in the first, second, ... n'th sub-frame
periods are respectively referred to as L1, L2, ... Ln; and the sub-frame period which is at the time-wise the
center, or closest to the time-wise center, of one frame period is referred to as the j'th sub-frame period,
the display control section sets the upper limits so as to fulfill:

where i is an integer of 0 or greater and less than j.

46. An image display apparatus according to claim 6, wherein the display control section sets the threshold level acting
as a reference for the gradation level of the image signal supplied in each sub-frame period, and also sets the
gradation level of the image signal supplied in each sub-frame period, such that the relationship between the
gradation level of the input image signal and the time-integrated values of luminance during one frame period
exhibits an appropriate gamma luminance characteristic.

47. An image display apparatus according to claim 46, further comprising a gamma luminance characteristic setting
section for externally setting the gamma luminance characteristic, wherein:

the display control section is capable of changing the gamma luminance characteristic which is externally set
by the gamma luminance characteristic setting section.

48. An image display apparatus according to claim 6, further comprising a temperature detection section for detecting
a temperature of a display panel or the vicinity thereof, wherein:

in accordance with the temperature detected by the temperature detection section, the display control section
sets the threshold level acting as reference for the gradation level of the image signal supplied in each sub-
frame period, and also sets the gradation level of the image signal supplied in each sub-frame period after
being increased or decreased in accordance with the gradation level of the input image signal.

49. An image display apparatus according to claim 6, wherein where the input image signal has a plurality of color

L[j - i] ≥ L[j - (i + 1)];

L[j + i] ≥ L[j + (i + 1)]
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components, the display control section sets the gradation level of the image signal supplied in each sub-frame
period, such that the ratio between the luminance level displayed in each sub-frame period of a color other than
a color having a highest gradation level of input image signal, is equal to the ratio between the luminance level
displayed in each sub-frame period of the color having the highest gradation level of input image signal.

50. An image display apparatus according to claim 6, wherein when n is 3, the display control section includes:

a timing control section;
a line data memory section for receiving and temporarily storing one horizontal line of image signal;
a frame memory data selection section, controlled by the timing control section, to select (i) transferring data
from the line data memory section to a frame data memory section, or (ii) outputting data which was input 1/4
frame before and is read from the frame data memory section and outputting data which was input 3/4 frame
before and is read from the frame data memory section:

a gradation conversion source selection section, controlled by the timing control section, to select (i) out-
putting the data from the line data memory section, or (ii) outputting the datawhich was input 3/4 frame
before and is supplied from the frame memory data selection section;
a first gradation conversion section for converting the gradation level of the image signal from the frame
memory data selection section to the relatively largest level or a gradation level greater than a prescribed
value or to a gradation level which is increased or decreased by the gradation level of the input image
signal;
a second gradation conversion section for converting the gradation level of the image signal from the
gradation conversion source selection section to the relatively smallest level or a gradation level lower
than the prescribed value or to a gradation level which is increased or decreased by the gradation level
of the input image signal; and
an output data selection section, controlled by the timing control section, for selecting the image signal
from the first gradation conversion section or the image signal from the second gradation conversion
section, and supplying the selected image signal to the image display section.

51. An image display apparatus according to claim 6, wherein the gradation level which is greater than the prescribed
value is a gradation level of greater than 90% where the relatively largest gradation level is 100%, and the gradation
level which is lower than the prescribed value is a gradation level lower than 10% where the relatively smallest
gradation level is 0%.

52. An image display apparatus according to claim 6, wherein the gradation level which is greater than the prescribed
value is a gradation level corresponding to a luminance level greater than 90% where the relatively largest lumi-
nance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 10% where the relatively smallest luminance level is 0%.

53. An image display apparatus according to claim 6, wherein the gradation level which is greater than the prescribed
value is a gradation level greater than 98% where the relatively largest gradation level is 100%, and the gradation
level which is lower than the prescribed value is a gradation level lower than 2% where the relatively smallest
gradation level is 0%.

54. An image display apparatus according to claim 6, wherein the gradation level which is greater than the prescribed
value is a gradation level corresponding to a luminance level greater than 98% where the relatively largest lumi-
nance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 2% where the relatively smallest luminance level is 0%.

55. An image display apparatus according to claim 6, wherein where the plurality of sub-frame periods are three or
more sub-frame periods, the gradation level allocated to the central sub-frame period in one frame period is higher
than the gradation levels allocated to the other sub-frame periods at ends of one frame period.

56. An image display apparatus according to claim 6, wherein where the plurality of sub-frame periods are three or
more sub-frame periods, the luminance level of the image signal allocated to the central sub-frame period in one
frame period is higher than the luminance levels of the image signal allocated to the other sub-frame periods at
ends of one frame period.
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57. An image display apparatus according to claim 6, wherein a time-wise center of gravity of time-integrated values
of luminance in the plurality of sub-frame periods moves within one sub-frame period.

58. An image display apparatus according to claim 6, wherein the display control section performs display control on
each of a plurality of pixel portions on a display screen.

59. An image display apparatus according to claim 58, wherein each pixel portion includes one pixel or a prescribed
number of pixels.

60. An image display apparatus according to claim 7, wherein the sub-frame periods have an identical length to each
other or different lengths from each other.

61. An image display apparatus according to claim 7, wherein the display control section sets an upper limit of the
gradation level of the image signal supplied in each sub-frame period.

62. An image display apparatus according to claim 7, wherein:

where upper limits of the gradation levels of the image signals supplied in the first, second, ... n'th sub-frame
periods are respectively referred to as L1, L2, ... Ln; and the sub-frame period which is at the time-wise the
center, or closest to the time-wise center, of one frame period is referred to as the j'th sub-frame period,
the display control section sets the upper limits so as to fulfill:

where i is an integer of 0 or greater and less than j.

63. An image display apparatus according to claim 7, wherein the display control section sets the threshold level acting
as reference for the gradation level of the image signal supplied in each sub-frame period, and also sets the
gradation level of the image signal supplied in each sub-frame period, such that the relationship between the
gradation level of the input image signal and the time-integrated values of luminance during one frame period
exhibits an appropriate gamma luminance characteristic.

64. An image display apparatus according to claim 63, further comprising a gamma luminance characteristic setting
section for externally setting the gamma luminance characteristic, wherein:

the display control section is capable of changing the gamma luminance characteristic which is externally set
by the gamma luminance characteristic setting section.

65. An image display apparatus according to claim 7, further comprising a temperature detection section for detecting
a temperature of a display panel or the vicinity thereof, wherein:

in accordance with the temperature detected by the temperature detection section, the display control section
sets the threshold level acting as reference for the gradation level of the image signal supplied in each sub-
frame period, and also sets the gradation level of the image signal supplied in each sub-frame period after
being increased or decreased in accordance with the gradation level of the input image signal.

66. An image display apparatus according to claim 7, wherein where the input image signal has a plurality of color
components, the display control section sets the gradation level of the image signal supplied in each sub-frame
period, such that the ratio between the luminance level displayed in each sub-frame period of a color other than
a color having a highest gradation level of input image signal, is equal to the ratio between the luminance level
displayed in each sub-frame period of the color having the highest gradation level of input image signal.

67. An image display apparatus according to claim 7, wherein the gradation level which is greater than the prescribed
value is a gradation level of greater than 90% where the relatively largest gradation level is 100%, and the gradation

L[j - i] ≥ L[j - (i + 1)];

L[j + i] ≥ L[j + (i + 1)]
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level which is lower than the prescribed value is a gradation level lower than 10% where the relatively smallest
gradation level is 0%.

68. An image display apparatus according to claim 7, wherein the gradation level which is greater than the prescribed
value is a gradation level corresponding to a luminance level greater than 90% where the relatively largest lumi-
nance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 10% where the relatively smallest luminance level is 0%.

69. An image display apparatus according to claim 7, wherein the gradation level which is greater than the prescribed
value is a gradation level greater than 98% where the relatively largest gradation level is 100%, and the gradation
level which is lower than the prescribed value is a gradation level lower than 2% where the relatively smallest
gradation level is 0%.

70. An image display apparatus according to claim 7, wherein the gradation level which is greater than the prescribed
value is a gradation level corresponding to a luminance level greater than 98% where the relatively largest lumi-
nance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 2% where the relatively smallest luminance level is 0%.

71. An image display apparatus according to claim 7, wherein where the plurality of sub-frame periods are three or
more sub-frame periods, the gradation level allocated to the central sub-frame period in one frame period is higher
than the gradation levels allocated to the other sub-frame periods at ends of one frame period.

72. An image display apparatus according to claim 7, wherein where the plurality of sub-frame periods are three or
more sub-frame periods, the luminance level of the image signal allocated to the central sub-frame period in one
frame period is higher than the luminance levels of the image signal allocated to the other sub-frame periods at
ends of one frame period.

73. An image display apparatus according to claim 7, wherein a time-wise center of gravity of time-integrated values
of luminance in the plurality of sub-frame periods moves within one sub-frame period.

74. An image display apparatus according to claim 7, wherein the display control section performs display control on
each of a plurality of pixel portions on a display screen.

75. An image display apparatus according to claim 74, wherein each pixel portion includes one pixel or a prescribed
number of pixels.

76. An image display apparatus according to claim 8, wherein the sub-frame periods have an identical length to each
other or different lengths from each other.

77. An image display apparatus according to claim 8, wherein:

when a response time of the image display section to a decrease in the luminance level is shorter than a
response time of the image display section to an increase in the luminance level, the sub-frame period α is
assigned to a second sub-frame period among the two sub-frame periods; and
when the response time of the image display section to the decrease in the luminance level is longer than the
response time of the image display section to the increase in the luminance level, the sub-frame period α is
assigned to a first sub-frame period among the two sub-frame periods.

78. An image display apparatus according to claim 8, wherein where a relatively largest luminance level of the image
display section is Lmax and a relatively smallest luminance level of the image display section is Lmin,

when a response time of the image display section to a luminance switch from the relatively largest luminance
level of Lmax to the relatively smallest luminance level of Lmin is shorter than a response time of the image display
section to a luminance switch from the relatively smallest luminance level of Lmin to the relatively largest luminance
level of Lmax, the sub-frame period α is assigned to a second sub-frame period among the two sub-frame periods;
and

when the response time of the image display section to the luminance switch from the relatively largest
luminance level of Lmax to the relatively smallest luminance level of Lmin is longer than the response time of the
image display section to the luminance switch from the relatively smallest luminance level of Lmin to the relatively



EP 1 536 407 A2

5

10

15

20

25

30

35

40

45

50

55

100

largest luminance level of Lmax, the sub-frame period α is assigned to a first sub-frame period among the two
sub-frame periods.

79. An image display apparatus according to claim 8, wherein the display control section sets an upper limit of the
gradation level of the image signal supplied in each sub-frame period.

80. An image display apparatus according to claim 8, wherein:

where an upper limit L1 is the gradation level of the image signal supplied in one of the sub-frame periods and
an upper limit L2 is the gradation level of the image signal supplied in the other sub-frame period,
the display control section sets L1 and L2 so as to fulfill the relationship of L1 ≥ L2.

81. An image display apparatus according to claim 8, wherein the display control section sets the threshold level acting
as reference for the gradation level of the image signal supplied in each sub-frame period, and also sets the
gradation level of the image signal supplied in each sub-frame period, such that the relationship between the
gradation level of the input image signal and the time-integrated values of luminance during one frame period
exhibits an appropriate gamma luminance characteristic.

82. An image display apparatus according to claim 81, further comprising a gamma luminance characteristic setting
section for externally setting the gamma luminance characteristic, wherein:

the display control section is capable of changing the gamma luminance characteristic which is externally set
by the gamma luminance characteristic setting section.

83. An image display apparatus according to claim 8, further comprising a temperature detection section for detecting
a temperature of a display panel or the vicinity thereof, wherein:

in accordance with the temperature detected by the temperature detection section, the display control section
sets the threshold level acting as reference for the gradation level of the image signal supplied in each sub-
frame period, and also sets the gradation level of the image signal supplied in each sub-frame period after
being increased or decreased in accordance with the gradation level of the input image signal.

84. An image display apparatus according to claim 8, wherein where the input image signal has a plurality of color
components, the display control section sets the gradation level of the image signal supplied in each sub-frame
period, such that the ratio between the luminance level displayed in each sub-frame period of a color other than
a color having a highest gradation level of input image signal, is equal to the ratio between the luminance level
displayed in each sub-frame period of the color having the highest gradation level of input image signal.

85. An image display apparatus according to claim 8, wherein the display control section includes:

a timing control section;
a line data memory section for receiving and temporarily storing one horizontal line of image signal;
a frame memory data selection section, controlled by the timing control section, to select data transfer from
the data line memory section to a frame data memory section or data output of data which was input one frame
before and is read from the frame data memory section;
a first gradation conversion section for converting the gradation level of the image signal from the line data
memory section to the relatively largest level or a gradation level greater than a prescribed value or to a
gradation level which is increased or decreased by the gradation level of the input image signal;
a second gradation conversion section for converting the gradation level of the image signal from the frame
memory data selection section to the relatively smallest level or a gradation level lower than the prescribed
value or to a gradation level which is increased or decreased by the gradation level of the input image signal;
and
an output data selection section, controlled by the timing control section, for selecting the image signal from
the first gradation conversion section or the image signal from the second gradation conversion section, and
supplying the selected image signal to the image display section.

86. An image display apparatus according to claim 8, wherein the gradation level which is greater than the prescribed
value is a gradation level of greater than 90% where the relatively largest gradation level is 100%, and the gradation
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level which is lower than the prescribed value is a gradation level lower than 10% where the relatively smallest
gradation level is 0%.

87. An image display apparatus according to claim 8, wherein the gradation level which is greater than the prescribed
value is a gradation level corresponding to a luminance level greater than 90% where the relatively largest lumi-
nance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 10% where the relatively smallest luminance level is 0%.

88. An image display apparatus according to claim 8, wherein the gradation level which is greater than the prescribed
value is a gradation level greater than 98% where the relatively largest gradation level is 100%, and the gradation
level which is lower than the prescribed value is a gradation level lower than 2% where the relatively smallest
gradation level is 0%.

89. An image display apparatus according to claim 8, wherein the gradation level which is greater than the prescribed
value is a gradation level corresponding to a luminance level greater than 98% where the relatively largest lumi-
nance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 2% where the relatively smallest luminance level is 0%.

90. An image display apparatus according to claim 8, wherein the display control section performs display control on
each of a plurality of pixel portions on a display screen.

91. An image display apparatus according to claim 90, wherein each pixel portion includes one pixel or a prescribed
number of pixels.

92. An image display apparatus according to claim 8, wherein the sub-frame periods have an identical length to each
other or different lengths from each other.

93. An image display apparatus according to claim 9, wherein when the gradation level of the input image signal is
greater than the threshold level T1 and equal to or less than the threshold level T2, the gradation level of the image
signal supplied in the sub-frame period α and the gradation level of the image signal supplied in the sub-frame
period β are set, such that the difference between the gradation levels is constant, or such that the difference
between the luminance level in the sub-frame period α and the luminance level in the sub-frame period β is constant.

94. An image display apparatus according to 9, wherein the gradation level of the image signal allocated in an earlier
sub-frame period is half or less of the gradation level of the image signal allocated in a later sub-frame period.

95. An image display apparatus according to claim 9, wherein when the gradation level of the input image signal is
greater than the threshold level T1 and equal to or less than the threshold level T2, the gradation level of the image
signal supplied in the sub-frame period α and the gradation level of the image signal supplied in the sub-frame
period β are set, such that the relationship between the gradation levels is set by a function, or such that the
relationship between the luminance level in the sub-frame period α and the luminance level in the sub-frame period
β is set by a function.

96. An image display apparatus according to claim 9, wherein:

when a response time of the image display section to a decrease in the luminance level is shorter than a
response time of the image display section to an increase in the luminance level, the sub-frame period α is
assigned to a second sub-frame period among the two sub-frame periods; and
when the response time of the image display section to the decrease in the luminance level is longer than the
response time of the image display section to the increase in the luminance level, the sub-frame period α is
assigned to a first sub-frame period among the two sub-frame periods.

97. An image display apparatus according to claim 9, wherein where a relatively largest luminance level of the image
display section is Lmax and a relatively smallest luminance level of the image display section is Lmin,

when a response time of the image display section to a luminance switch from the relatively largest luminance
level of Lmax to the relatively smallest luminance level of Lmin is shorter than a response time of the image display
section to a luminance switch from the relatively smallest luminance level of Lmin to the relatively largest luminance
level of Lmax, the sub-frame period a is assigned to a second sub-frame period among the two sub-frame periods;
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and
when the response time of the image display section to the luminance switch from the relatively largest

luminance level of Lmax to the relatively smallest luminance level of Lmin is longer than the response time of the
image display section to the luminance switch from the relatively smallest luminance level of Lmin to the relatively
largest luminance level of Lmax, the sub-frame period α is assigned to a first sub-frame period among the two
sub-frame periods.

98. An image display apparatus according to claim 9, wherein the display control section sets an upper limit of the
gradation level of the image signal supplied in each sub-frame period.

99. An image display apparatus according to claim 9, wherein:
where an upper limit L1 is the gradation level of the image signal supplied in one of the sub-frame periods

and an upper limit L2 is the gradation level of the image signal supplied in the other sub-frame period,
the display control section sets L1 and L2 so as to fulfill the relationship of L1 ≥ L2.

100.An image display apparatus according to claim 9, wherein the display control section sets the threshold level acting
as a reference for the gradation level of the image signal supplied in each sub-frame period, and also sets the
gradation level of the image signal supplied in each sub-frame period, such that the relationship between the
gradation level of the input image signal and the time-integrated values of luminance during one frame period
exhibits an appropriate gamma luminance characteristic.

101.An image display apparatus according to claim 100, further comprising a gamma luminance characteristic setting
section for externally setting the gamma luminance characteristic, wherein:

the display control section is capable of changing the gamma luminance characteristic which is externally set
by the gamma luminance characteristic setting section.

102.An image display apparatus according to claim 9, further comprising a temperature detection section for detecting
a temperature of a display panel or the vicinity thereof, wherein:

in accordance with the temperature detected by the temperature detection section, the display control section
sets the threshold level acting as a reference for the gradation level of the image signal supplied in each sub-
frame period, and also sets the gradation level of the image signal supplied in each sub-frame period after
being increased or decreased in accordance with the gradation level of the input image signal.

103.An image display apparatus according to claim 9, wherein where the input image signal has a plurality of color
components, the display control section sets the gradation level of the image signal supplied in each sub-frame
period, such that the ratio between the luminance level displayed in each sub-frame period of a color other than
a color having a highest gradation level of input image signal, is equal to the ratio between the luminance level
displayed in each sub-frame period of the color having the highest gradation level of input image signal.

104.An image display apparatus according to claim 9, wherein the display control section includes:

a timing control section;
a line data memory section for receiving and temporarily storing one horizontal line of image signal;
a frame memory data selection section, controlled by the timing control section, to select data transfer from
the data line memory section to a frame data memory section or data output of data which was input one frame
before and is read from the frame data memory section;
a first gradation conversion section for converting the gradation level of the image signal from the line data
memory section to the relatively largest level or a gradation level greater than a prescribed value or to a
gradation level which is increased or decreased by the gradation level of the input image signal:

a second gradation conversion section for converting the gradation level of the image signal from the
frame memory data selection section to the relatively smallest level or a gradation level lower than the
prescribed value or to a gradation level which is increased or decreased by the gradation level of the input
image signal; and
an output data selection section, controlled by the timing control section, for selecting the image signal
from the first gradation conversion section or the image signal from the second gradation conversion
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section, and supplying the selected image signal to the image display section.

105.An image display apparatus according to claim 104, wherein the display control section performs display control
on each of a plurality of pixel portions on a display screen.

106.An image display apparatus according to claim 9, wherein the gradation level which is greater than the prescribed
value is a gradation level of greater than 90% where the relatively largest gradation level is 100%, and the gradation
level which is lower than the prescribed value is a gradation level lower than 10% where the relatively smallest
gradation level is 0%.

107.An image display apparatus according to claim 106, wherein the display control section performs display control
on each of a plurality of pixel portions on a display screen.

108.An image display apparatus according to claim 9, wherein the gradation level which is greater than the prescribed
value is a gradation level corresponding to a luminance level greater than 90% where the relatively largest lumi-
nance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 10% where the relatively smallest luminance level is 0%.

109.An image display apparatus according to claim 9, wherein the gradation level which is greater than the prescribed
value is a gradation level greater than 98% where the relatively largest gradation level is 100%, and the gradation
level which is lower than the prescribed value is a gradation level lower than 2% where the relatively smallest
gradation level is 0%.

110.An image display apparatus according to claim 9, wherein the gradation level which is greater than the prescribed
value is a gradation level corresponding to a luminance level greater than 98% where the relatively largest lumi-
nance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 2% where the relatively smallest luminance level is 0%.

111.An image display apparatus according to claim 9, wherein the display control section performs display control on
each of a plurality of pixel portions on a display screen.

112.An image display apparatus according to claim 111, wherein each pixel portion includes one pixel or a prescribed
number of pixels.

113.An image display apparatus according to claim 10, wherein the sub-frame periods have an identical length to each
other or different lengths from each other.

114.An image display apparatus according to claim 10, wherein when the gradation level of the input image signal is
greater than the threshold level T1 and equal to or less than the threshold level T2, the gradation level of the image
signal supplied in the sub-frame period α and the gradation level of the image signal supplied in the sub-frame
period β are set, such that the difference between the gradation levels is constant, or such that the difference
between the luminance level in the sub-frame period α and the luminance level in the sub-frame period β is constant.

115.An image display apparatus according to 114, wherein the gradation level of the image signal allocated in an earlier
sub-frame period is half or less of the gradation level of the image signal allocated in a later sub-frame period.

116.An image display apparatus according to claim 10, wherein when the gradation level of the input image signal is
greater than the threshold level T1 and equal to or less than the threshold level T2, the gradation level of the image
signal supplied in the sub-frame period α and the gradation level of the image signal supplied in the sub-frame
period β are set, such that the relationship between the gradation levels is set by a function, or such that the
relationship between the luminance level in the sub-frame period α and the luminance level in the sub-frame period
β is set by a function.

117.An image display apparatus according to claim 10, wherein:

when a response time of the image display section to a decrease in the luminance level is shorter than a
response time of the image display section to an increase in the luminance level, the sub-frame period α is
assigned to a second sub-frame period among the two sub-frame periods; and
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when the response time of the image display section to the decrease in the luminance level is longer than the
response time of the image display section to the increase in the luminance level, the sub-frame period α is
assigned to a first sub-frame period among the two sub-frame periods.

118.An image display apparatus according to claim 10, wherein where a relatively largest luminance level of the image
display section is Lmax and a relatively smallest luminance level of the image display section is Lmin,

when a response time of the image display section to a luminance switch from the relatively largest luminance
level of Lmax to the relatively smallest luminance level of Lmin is shorter than a response time of the image display
section to a luminance switch from the relatively smallest luminance level of Lmin to the relatively largest luminance
level of Lmax, the sub-frame period α is assigned to a second sub-frame period among the two sub-frame periods;
and

when the response time of the image display section to the luminance switch from the relatively largest
luminance level of Lmax to the relatively smallest luminance level of Lmin is longer than the response time of the
image display section to the luminance switch from the relatively smallest luminance level of Lmin to the relatively
largest luminance level of Lmax, the sub-frame period α is assigned to a first sub-frame period among the two
sub-frame periods.

119.An image display apparatus according to claim 10, wherein the display control section sets an upper limit of the
gradation level of the image signal supplied in each sub-frame period.

120.An image display apparatus according to claim 10, wherein:
where an upper limit L1 is the gradation level of the image signal supplied in one of the sub-frame periods

and an upper limit L2 is the gradation level of the image signal supplied in the other sub-frame period,
the display control section sets L1 and L2 so as to fulfill the relationship of L1 ≥ L2.

121.An image display apparatus according to claim 10, wherein the display control section sets the threshold level
acting as reference for the gradation level of the image signal supplied in each sub-frame period, and also sets
the gradation level of the image signal supplied in each sub-frame period, such that the relationship between the
gradation level of the input image signal and the time-integrated values of luminance during one frame period
exhibits an appropriate gamma luminance characteristic.

122.An image display apparatus according to claim 121, further comprising a gamma luminance characteristic setting
section for externally setting the gamma luminance characteristic, wherein:

the display control section is capable of changing the gamma luminance characteristic which is externally set
by the gamma luminance characteristic setting section.

123.An image display apparatus according to claim 10, further comprising a temperature detection section for detecting
a temperature of a display panel or the vicinity thereof, wherein:

in accordance with the temperature detected by the temperature detection section, the display control section
sets the threshold level acting as reference for the gradation level of the image signal supplied in each sub-
frame period, and also sets the gradation level of the image signal supplied in each sub-frame period after
being increased or decreased in accordance with the gradation level of the input image signal.

124.An image display apparatus according to claim 10, wherein where the input image signal has a plurality of color
components, the display control section sets the gradation level of the image signal supplied in each sub-frame
period, such that the ratio between the luminance level displayed in each sub-frame period of a color other than
a color having a highest gradation level of the input image signal, is equal to the ratio between the luminance level
displayed in each sub-frame period of the color having the highest gradation level of the input image signal.

125.An image display apparatus according to claim 10, wherein the display control section includes:

a timing control section;
a line data memory section for receiving and temporarily storing one horizontal line of image signal;
a frame memory data selection section, controlled by the timing control section, to select data transfer from
the data line memory section to a frame data memory section or data output of data which was input one frame
before and is read from the frame data memory section;
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a first gradation conversion section for converting the gradation level of the image signal from the line data
memory section to the relatively largest level or a gradation level greater than a prescribed value or to a
gradation level which is increased or decreased by the gradation level of the input image signal;
a second gradation conversion section for converting the gradation level of the image signal from the frame
memory data selection section to the relatively smallest level or a gradation level lower than the prescribed
value or to a gradation level which is increased or decreased by the gradation level of the input image signal;
and
an output data selection section, controlled by the timing control section, for selecting the image signal from
the first gradation conversion section or the image signal from the second gradation conversion section, and
supplying the selected image signal to the image display section.

126.An image display apparatus according to claim 10, wherein the gradation level which is greater than the prescribed
value is a gradation level of greater than 90% where the relatively largest gradation level is 100%, and the gradation
level which is lower than the prescribed value is a gradation level lower than 10% where the relatively smallest
gradation level is 0%.

127.An image display apparatus according to claim 10, wherein the gradation level which is greater than the prescribed
value is a gradation level corresponding to a luminance level greater than 90% where the relatively largest lumi-
nance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 10% where the relatively smallest luminance level is 0%.

128.An image display apparatus according to claim 10, wherein the gradation level which is greater than the prescribed
value is a gradation level greater than 98% where the relatively largest gradation level is 100%, and the gradation
level which is lower than the prescribed value is a gradation level lower than 2% where the relatively smallest
gradation level is 0%.

129.An image display apparatus according to claim 10, wherein the gradation level which is greater than the proscribed
value is a gradation level corresponding to a luminance level greater than 98% where the relatively largest lumi-
nance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 2% where the relatively smallest luminance level is 0%.

130.An image display apparatus according to claim 10, wherein the display control section performs display control
on each of a plurality of pixel portions on a display screen.

131.An image display apparatus according to claim 130, wherein each pixel portion includes one pixel or a prescribed
number of pixels.

132.An image display apparatus according to claim 11, wherein the sub-frame periods have an identical length to each
other or different lengths from each other.

133.An image display apparatus according to claim 11, wherein:

when a response time of the image display section to a decrease in the luminance level is shorter than a
response time of the image display section to an increase in the luminance level, the sub-frame period α is
assigned to a second sub-frame period among the two sub-frame periods; and
when the response time of the image display section to the decrease in the luminance level is longer than the
response time of the image display section to the increase in the luminance level, the sub-frame period α is
assigned to a first sub-frame period among the two sub-frame periods.

134.An image display apparatus according to claim 11, wherein where a relatively largest luminance level of the image
display section is Lmax and a relatively smallest luminance level of the image display section is Lmin,

when a response time of the image display section to a luminance switch from the relatively largest luminance
level of Lmax to the relatively smallest luminance level of Lmin is shorter than a response time of the image display
section to a luminance switch from the relatively smallest luminance level of Lmin to the relatively largest luminance
level of Lmax, the sub-frame period α is assigned to a second sub-frame period among the two sub-frame periods;
and

when the response time of the image display section to the luminance switch from the relatively largest
luminance level of Lmax to the relatively smallest luminance level of Lmin is longer than the response time of the
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image display section to the luminance switch from the relatively smallest luminance level of Lmin to the relatively
largest luminance level of Lmax, the sub-frame period α is assigned to a first sub-frame period among the two
sub-frame periods.

135.An image display apparatus according to claim 11, wherein the display control section sets an upper limit of the
gradation level of the image signal supplied in each sub-frame period.

136.An image display apparatus according to claim 11, wherein:

where an upper limit L1 is the gradation level of the image signal supplied in one of the sub-frame periods and
an upper limit L2 is the gradation level of the image signal supplied in the other sub-frame period,
the display control section sets L1 and L2 so as to fulfill the relationship of L1 ≥ L2.

137.An image display apparatus according to claim 11, wherein the display control section sets the threshold level
acting as reference for the gradation level of the image signal supplied in each sub-frame period, and also sets
the gradation level of the image signal supplied in each sub-frame period, such that the relationship between the
gradation level of the input image signal and the time-integrated values of luminance during one frame period
exhibit an appropriate gamma luminance characteristic.

138.An image display apparatus according to claim 137, further comprising a gamma luminance characteristic setting
section for externally setting the gamma luminance characteristic, wherein:

the display control section is capable of changing the gamma luminance characteristic which is externally set
by the gamma luminance characteristic setting section.

139.An image display apparatus according to claim 11, further comprising a temperature detection section for detecting
a temperature of a display panel or the vicinity thereof, wherein:

in accordance with the temperature detected by the temperature detection section, the display control section
sets the threshold level acting as reference for the gradation level of the image signal supplied in each sub-
frame period, and also sets the gradation level of the image signal supplied in each sub-frame period after
being increased or decreased in accordance with the gradation level of the input image signal.

140.An image display apparatus according to claim 11, wherein where the input image signal has a plurality of color
components, the display control section sets the gradation level of the image signal supplied in each sub-frame
period, such that the ratio between the luminance level displayed in each sub-frame period of a color other than
a color having a highest gradation level of input image signal, is equal to the ratio between the luminance level
displayed in each sub-frame period of the color having the highest gradation level of input image signal.

141.An image display apparatus according to claim 11, wherein the display control section includes:

a timing control section;
a line data memory section for receiving and temporarily storing one horizontal line of image signal;
a frame memory data selection section, controlled by the timing control section, to select data transfer from
the data line memory section to a frame data memory section or data output of data which was input one frame
before and is read from the frame data memory section;
a first gradation conversion section for converting the gradation level of the image signal from the line data
memory section to the relatively largest level or a gradation level greater than a prescribed value or to a
gradation level which is increased or decreased by the gradation level of the input image signal;
a second gradation conversion section for converting the gradation level of the image signal from the frame
memory data selection section to the relatively smallest level or a gradation level lower than the prescribed
value or to a gradation level which is increased or decreased by the gradation level of the input image signal;
and
an output data selection section, controlled by the timing control section, for selecting the image signal from
the first gradation conversion section or the image signal from the second gradation conversion section, and
supplying the selected image signal to the image display section.

142.An image display apparatus according to claim 11, wherein the display control section includes:
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a timing control section;
a line data memory section for receiving and temporarily storing one horizontal line of image signal;
a first multiple line data memory section and a second multiple line data memory section for temporarily storing
a plurality of horizontal lines of image signals;
a frame memory data selection section, controlled by the timing control section, to select (i) transferring data
from the line data memory section to a frame data memory section, or (ii) transferring data which was input
one frame before and is read from the frame data memory section to the first multiple line data memory section
and transferring data which was input two frames before and is read from the frame data memory section to
the second multiple line data memory section;
an intermediate image generation section for estimating and generating an image in an intermediate state in
terms of time between the image signal from the first multiple line data memory section and the image signal
from the second multiple line data memory section;
a temporary memory data selection section, controlled by the timing control section, to select the image signal
from the first multiple line data memory section or the image signal from the second multiple line data memory
section;
a first gradation conversion section for converting the gradation level of the image signal from the temporary
memory data selection section to the relatively largest level or a gradation level greater than a prescribed
value or to a gradation level which is increased or decreased by the gradation level of the input image signal;
a second gradation conversion section for converting the gradation level of the image signal from the inter-
mediate image generation section to the relatively smallest level or a gradation level lower than the prescribed
value or to a gradation level which is increased or decreased by the gradation level of the input image signal:
and
an output data selection section, controlled by the timing control section, for selecting the image signal from
the first gradation conversion section or the image signal from the second gradation conversion section, and
supplying the selected image signal to the image display section.

143.An image display apparatus according to claim 11, wherein the gradation level which is greater than the prescribed
value is a gradation level of greater than 90% where the relatively largest gradation level is 100%, and the gradation
level which is lower than the prescribed value is a gradation level lower than 10% where the relatively smallest
gradation level is 0%.

144.An image display apparatus according to claim 11, wherein the gradation level which is greater than the prescribed
value is a gradation level corresponding to a luminance level greater than 90% where the relatively largest lumi-
nance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 10% where the relatively smallest luminance level is 0%.

145.An image display apparatus according to claim 11, wherein the gradation level which is greater than the prescribed
value is a gradation level greater than 98% where the relatively largest gradation level is 100%, and the gradation
level which is lower than the prescribed value is a gradation level lower than 2% where the relatively smallest
gradation level is 0%.

146.An image display apparatus according to claim 11, wherein the gradation level which is greater than the proscribed
value is a gradation level corresponding to a luminance level greater than 98% where the relatively largest lumi-
nance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 2% where the relatively smallest luminance level is 0%.

147.An image display apparatus according to claim 11, wherein the display control section performs display control on
each of a plurality of pixel portions on a display screen.

148.An image display apparatus according to claim 147, wherein each pixel portion includes one pixel or a prescribed
number of pixels.

149.An image display apparatus according to claim 12, wherein the sub-frame periods have an identical length to each
other or different lengths from each other.

150.An image display apparatus according to claim 12, wherein:

when a response time of the image display section to a decrease in the luminance level is shorter than a
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response time of the image display section to an increase in the luminance level, the sub-frame period α is
assigned to a second sub-frame period among the two sub-frame periods; and
when the response time of the image display section to the decrease in the luminance level is longer than the
response time of the image display section to the increase in the luminance level, the sub-frame period α is
assigned to a first sub-frame period among the two sub-frame periods.

151.An image display apparatus according to claim 12, wherein where a relatively largest luminance level of the image
display section is Lmax and a relatively smallest luminance level of the image display section is Lmin,

when a response time of the image display section to a luminance switch from the relatively largest luminance
level of Lmax to the relatively smallest luminance level of Lmin is shorter than a response time of the image display
section to a luminance switch from the relatively smallest luminance level of Lmin to the relatively largest luminance
level of Lmax, the sub-frame period α is assigned to a second sub-frame period among the two sub-frame periods;
and

when the response time of the image display section to the luminance switch from the relatively largest
luminance level of Lmax to the relatively smallest luminance level of Lmin is longer than the response time of the
image display section to the luminance switch from the relatively smallest luminance level of Lmin to the relatively
largest luminance level of Lmax, the sub-frame period α is assigned to a first sub-frame period among the two
sub-frame periods.

152.An image display apparatus according to claim 12, wherein the display control section sets an upper limit of the
gradation level of the image signal supplied in each sub-frame period.

153.An image display apparatus according to claim 12, wherein:
where an upper limit L1 is the gradation level of the image signal supplied in one of the sub-frame periods

and an upper limit L2 is the gradation level of the image signal supplied in the other sub-frame period,
the display control section sets L1 and L2 so as to fulfill the relationship of L1 ≥ L2.

154.An image display apparatus according to claim 12, wherein the display control section sets the threshold level
acting as reference for the gradation level of the image signal supplied in each sub-frame period, and also sets
the gradation level of the image signal supplied in each sub-frame period, such that the relationship between the
gradation level of the input image signal and the time-integrated values of luminance during one frame period
exhibits an appropriate gamma luminance characteristic.

155.An image display apparatus according to claim 154, further comprising a gamma luminance characteristic setting
section for externally setting the gamma luminance characteristic, wherein:

the display control section is capable of changing the gamma luminance characteristic which is externally set
by the gamma luminance characteristic setting section.

156.An image display apparatus according to claim 12, further comprising a temperature detection section for detecting
a temperature of a display panel or the vicinity thereof, wherein:

in accordance with the temperature detected by the temperature detection section, the display control section
sets the threshold level acting as reference for the gradation level of the image signal supplied in each sub-
frame period, and also sets the gradation level of the image signal supplied in each sub-frame period after
being increased or decreased in accordance with the gradation level of the input image signal.

157.An image display apparatus according to claim 12, wherein where the input image signal has a plurality of color
components, the display control section sets the gradation level of the image signal supplied in each sub-frame
period, such that the ratio between the luminance level displayed in each sub-frame period of a color other than
a color having a highest gradation level of the input image signal, is equal to the ratio between the luminance level
displayed in each sub-frame period of the color having the highest gradation level of the input image signal.

158.An image display apparatus according to claim 12, wherein the display control section includes:

a timing control section;
a line data memory section for receiving and temporarily storing one horizontal line of image signal;
a frame memory data selection section, controlled by the timing control section, to select data transfer from
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the data line memory section to a frame data memory section or data output of data which was input one frame
before and is read from the frame data memory section;
a first gradation conversion section for converting the gradation level of the image signal from the line data
memory section to the relatively largest level or a gradation level greater than a prescribed value or to a
gradation level which is increased or decreased by the gradation level of the input image signal;
a second gradation conversion section for converting the gradation level of the image signal from the frame
memory data selection section to the relatively smallest level or a gradation level lower than the prescribed
value or to a gradation level which is increased or decreased by the gradation level of the input image signal;
and
an output data selection section, controlled by the timing control section, for selecting the image signal from
the first gradation conversion section or the image signal from the second gradation conversion section, and
supplying the selected image signal to the image display section.

159.An image display apparatus according to claim 12, wherein the display control section includes:

a timing control section;
a line data memory section for receiving and temporarily storing one horizontal line of image signal;
a first multiple line data memory section and a second multiple line data memory section for temporarily storing
a plurality of horizontal lines of image signals;
a frame memory data selection section, controlled by the timing control section, to select (i) transferring data
from the line data memory section to a frame data memory section, or (ii) transferring data which was input
one frame before and is read from the frame data memory section to the first multiple line data memory section
and transferring data which was input two frames before and is read from the frame data memory section to
the second multiple line data memory section;
a gradation level averaging section for calculating an average value of the gradation level of the image signal
from the first multiple line data memory section and the gradation level of the image signal from the second-
multiple line data memory section, and supplying the average value to the second gradation conversion sec-
tion;
a temporary memory data selection section, controlled by the timing control section, to select the image signal
from the first multiple line data memory section or the image signal from the second multiple line data memory
section;
a first gradation conversion section for converting the gradation level of the image signal from the temporary
memory data selection section to the relatively largest level or a gradation level greater than a prescribed
value or to a gradation level which is increased or decreased by the gradation level of the input image signal;
a second gradation conversion section for converting the gradation level of the image signal from the gradation
level averaging section to the relatively smallest level or a gradation level lower than the prescribed value or
to a gradation level which is increased or decreased by the gradation level of the input image signal; and
an output data selection section, controlled by the timing control section, for selecting the image signal from
the first gradation conversion section or the image signal from the second gradation conversion section, and
supplying the selected image signal to the image display section.

160.An image display apparatus according to claim 12, wherein the gradation level which is greater than the prescribed
value is a gradation level of greater than 90% where the relatively largest gradation level is 100%, and the gradation
level which is lower than the prescribed value is a gradation level lower than 10% where the relatively smallest
gradation level is 0%.

161.An image display apparatus according to claim 12, wherein the gradation level which is greater than the prescribed
value is a gradation level corresponding to a luminance level greater than 90% where the relatively largest lumi-
nance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 10% where the relatively smallest luminance level is 0%.

162.An image display apparatus according to claim 12, wherein the gradation level which is greater than the prescribed
value is a gradation level greater than 98% where the relatively largest gradation level is 100%, and the gradation
level which is lower than the prescribed value is a gradation level lower than 2 % where the relatively smallest
gradation level is 0%.

163.An image display apparatus according to claim 12, wherein the gradation level which is greater than the prescribed
value is a gradation level corresponding to a luminance level greater than 98% where the relatively largest lumi-
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nance level is 100%, and the gradation level which is lower than the prescribed value is a gradation level corre-
sponding to a luminance level lower than 2% where the relatively smallest luminance level is 0%.

164.An image display apparatus according to claim 12, wherein the display control section performs display control
on each of a plurality of pixel portions on a display screen.

165.An image display apparatus according to claim 164, wherein each pixel portion includes one pixel or a prescribed
number of pixels.

166.An electronic apparatus for performing image display on a display screen of an image display section of an image
display apparatus according to claim 1.

167.A liquid crystal TV, comprising:

an image display apparatus according to claim 1; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
image display apparatus.

168.A liquid crystal monitoring apparatus, comprising:

an image display apparatus according to claim 1; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the image display apparatus.

169.An image display method for performing one frame of image display by a sum of time-integrated values of lumi-
nance displayed in an image display section in n sub-frame periods, where n is an integer of 2 or greater, the
method comprising the following steps:

in a relatively central sub-frame period which is at a time-wise center, or closest to the time-wise center of,
one frame period for image display, the step of supplying, to the image display section, an image signal of a
relatively largest gradation level within the range in which a sum of time-integrated value of luminance in the
n sub-frame periods does not exceed the luminance level corresponding to the gradation level of an input
image signal;
when the sum of time-integrated values of luminance in the relatively central sub-frame period does not reach
the luminance level corresponding to the gradation level of the input image signal, the step of supplying, to
the image display section, an image signal of the relatively largest gradation level within the range in which
the sum of time-integrated values of luminance in the n sub-frame periods does not exceed the luminance
level corresponding to the gradation level of the input image signal, in each of a preceding sub-frame period
before the relatively central sub-frame period and a subsequent sub-frame period after the relatively central
sub-frame period;
when the sum of time-integrated values of luminance in the relatively central sub-frame period, the preceding
sub-frame period and the subsequent sub-frame period still do not reach the luminance level corresponding
to the gradation level of the input image signal, the step of supplying, to the image display section, an image
signal of the relatively largest gradation level within the range in which the sum of time-integrated values of
luminance in the n sub-frame periods does not exceed the luminance level corresponding to the gradation
level of the input image signal, in each of a sub-frame period before the preceding sub-frame period and a
sub-frame period after the subsequent sub-frame period;
the step of repeating the operation until the sum of time-integrated values of luminance in all the sub-frame
periods in which the image signals have been supplied reaches the luminance level corresponding to the
gradation level of the input image signal; and
when the sum reaches the luminance level corresponding to the gradation level of the input image signal, the
step of supplying, to the image display section, an image signal of a relatively smallest gradation level or an
image signal of a gradation level lower than a prescribed value in the remaining sub-frame periods.

170.An image display method for performing one frame of image display by a sum of time-integrated values of lumi-
nance displayed in an image display section in n sub-frame periods, where n is an odd number of 3 or greater,
wherein:
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the sub-frame periods are referred to as a first sub-frame period, a second sub-frame period, ... the n'th sub-
frame period from the sub-frame period which is earliest in terms of time or from the sub-frame period which
is latest in terms of time; and the sub-frame period which is at a time-wise center of one frame period for image
display is referred to as the m'th sub-frame period, where m = (n + 1)/2; and
(n + 1)/2-number of threshold levels are provided for the gradation level of an input image signal, and the
threshold levels are referred to as T1, T2, ... T[(n + 1)/2] from the smallest threshold level;

the method comprising the following steps:

when the gradation level of the input image signal is equal to or less than T1, the step of supplying, to the
image display section, an image signal of a gradation level which is increased or decreased in accordance
with the gradation level of the input image signal in the m'th sub-frame period, and an image signal of a relatively
smallest gradation level or an image signal lower than a prescribed value in the other sub-frame periods;
when the gradation level of the input image signal is greater than T1 and equal to or less than T2, the step of
supplying, to the image display section, an image signal of a relatively largest gradation level or an image
signal of a gradation level greater than the prescribed value in the m'th sub-frame period, an image signal of
a gradation level which is increased or decreased in accordance with the gradation level of the input image
signal in each of the (m-1)'th sub-frame period and the (m+1)'th sub-frame period, and an image signal of the
relatively smallest gradation level or an image signal of a gradation level lower then the prescribed value in
the other sub-frame periods;
when the gradation level of the input image signal is greater than T2 and equal to or less than T3, the step of
supplying, to the image display section, an image signal of the relatively largest gradation level or an image
signal of a gradation level greater than the prescribed value in each of the m' th sub-frame period, the (m-1)
'th sub-frame period and the (m+1)'th sub-frame period, an image signal of a gradation level which is increased
or decreased in accordance with the gradation level of the input image signal in each of the (m-2)'th sub-frame
period and the (m+2)'th sub-frame period, and an image signal of the relatively smallest gradation level or an
image signal of a gradation level lower than the prescribed value in the other sub-frame periods; and in this
manner,
when the gradation level of the input image signal is greater than Tx-1, wherein x is an integer of 4 or greater,
and equal to or less than Tx, the step of supplying, to the image display section, an image signal of the relatively
largest gradation level or an image of a gradation level greater than the prescribed value in each of the [m-(x-
2)]'th sub-frame period through the [m+(x-2)]'th sub-frame period, an image signal of a gradation level which
is increased or decreased in accordance with the gradation level of the input image signal in each of the [m-(x-
1)]'th sub-frame period through the [m+(x-1)]'th sub-frame period, and an image signal of the relatively smallest
gradation level or an image signal of a gradation level lower than the prescribed value in the other sub-frame
periods.

171.An image display method for performing one frame of image display by a sum of time-integrated values of lumi-
nance displayed in an image display section in n sub-frame periods, where n is an even number of 2 or greater,
wherein:

the sub-frame periods are referred to as a first sub-frame period, a second sub-frame period, ... the n'th sub-
frame period from the sub-frame period which is earliest in terms of time or from the sub-frame period which
is latest in terms of time; and two sub-frame periods which are closest to a time-wise center of one frame
period for image display are referred to as the m1st sub-frame period and the m2nd sub-frame period, where
m1 = n/2 and m2 = n/2 + 1; and
n/2-number of threshold levels are provided for the gradation level of an input image signal, and the threshold
levels are referred to as T1, T2, ... T[n/2] from the smallest threshold level;

the method comprising the following steps:

when the gradation level of the input image signal is equal to or less than T1, the step of supplying, to the
image display section, an image signal of a gradation level which is increased or decreased in accordance
with the gradation level of the input image signal in each of the m1st sub-frame periods and the m2nd sub-
frame periods, and an image signal of a relatively smallest gradation level or an image signal of a gradation
level lower than a prescribed value in the other sub-frame periods;
when the gradation level of the input image signal is greater than T1 and equal to or less than T2, the step of
supplying, to the image display section, an image signal of a relatively largest gradation level or an image
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signal of a gradation level greater than the prescribed value in each of the m1st sub-frame period and the
m2nd sub-frame period, an image signal of a gradation level which is increased or decreased in accordance
with the gradation level of the input image signal in each of the (m1-1)'th sub-frame periods and the (m2+1)
'th sub-frame periods, and an image signal of the relatively smallest gradation level or an image signal of a
gradation level lower than the prescribed value in the other sub-frame periods;
when the gradation level of the input image signal is greater than T2 and equal to or less than T3, the step of
supplying, to the image display section, an image signal of the relatively largest gradation level or an image
signal of a gradation level greater than the prescribed value in each of the m1st sub-frame period, the m2nd
sub-frame period, the (m1-1)'th sub-frame period and the (m2+1)'th sub-frame period, an image signal of a
gradation level which is increased or decreased in accordance with the gradation level of the input image
signal in each of the (m1-2)'th sub-frame periods and the (m2+2)'th sub-frame periods, and an image signal
of the relatively smallest gradation level or an image signal of a gradation level lower than the prescribed value
in the other sub-frame periods: and in this manner,
when the gradation level of the input image signal is greater than Tx-1, wherein x is an integer of 4 or greater,
and equal to or less than Tx, the step of supplying, to the image display section, an image signal of the relatively
largest gradation level or an image signal of a gradation level greater than the prescribed value in each of the
[m1-(x-2)]'th sub-frame periods through the [m2+(x-2)]'th sub-frame period, an image signal of a gradation
level which is increased or decreased in accordance with the gradation, level of the input image signal in each
of the [m1-(x-1)]'th sub-frame periods through the [m2+(x-1)]'th sub-frame period, and an image signal of the
relatively smallest gradation level or an image signal of a gradation level lower than the prescribed value in
the other sub-frame periods.

172.An image display method for performing one frame of image display by a sum of time-integrated values of lumi-
nance displayed in an image display section in two sub-frame periods,

wherein one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period
is referred to as a sub-frame period β;

the method comprising the following steps:

when the gradation level of an input image signal is equal to or less than a threshold level uniquely determined,
the step of supplying, to the image display section, an image signal of a gradation level which is increased or
decreased by the gradation level of the input image signal in the sub-frame period α, and an image signal of
a relatively smallest gradation level or an image signal of a gradation level lower than a prescribed value in
the sub-frame period β; and
when the gradation level of the input image signal is greater than the threshold level, the step of supplying, to
the image display section, an image signal of a relatively largest gradation level or an image signal of a gra-
dation level greater than the prescribed value in the sub-frame period α; and an image signal of a gradation
level which is increased or decreased by the gradation level of the input image signal in the sub-frame period β.

173.An image display method for performing one frame of image display by a sum of time-integrated values of lumi-
nance displayed in an image display section in two sub-frame periods,

wherein one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period
is referred to as a sub-frame period β; and threshold levels, T1 and T2, of the gradation levels in the two sub-frame
periods are defined, and the threshold level T2 is greater than the threshold level T1;

the method comprising the following steps:

when the gradation level of an input image signal is equal to or less than the threshold level T1, the step of
supplying, to the image display section, an image signal of a gradation level which is increased or decreased
in accordance with the gradation level of the input image signal in the sub-frame period α, and an image signal
of a relatively smallest gradation level or an image signal of a gradation level lower than a prescribed value
in the sub-frame period β;
when the gradation level of the input image signal is greater than the threshold level T1 and equal to or less
than the threshold level T2, the step of supplying, to the image display section, an image signal of a gradation
level which is increased or decreased in accordance with the gradation level of the input image signal in the
sub-frame period α, and an image signal of a gradation level which is lower than the gradation level supplied
in the sub-frame period α and which is increased or decreased in accordance with the gradation level of the
input image signal in the sub-frame period β; and
when the gradation level of the input image signal is greater than the threshold level T2, the step of supplying,
to the image display section, an image signal of a relatively largest gradation level or an image signal of a
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gradation level which is greater than the prescribed value in the sub-frame period α, and an image signal of
a gradation level which is increased or decreased in accordance with the gradation level of the input image
signal in the sub-frame period β.

174.An image display method for performing one frame of image display by a sum of time-integrated values of lumi-
nance displayed in an image display section in two sub-frame periods,

wherein one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period
is referred to as a sub-frame period β; threshold levels, T1 and T2, of the gradation levels in the two sub-frame
periods are defined, and the threshold level T2 is greater than the threshold level T1; and a gradation level L is
uniquely determined;

the method comprising the following steps:

when the gradation level of an input image signal is equal to or less than the threshold level T1, the step of
supplying, to the image display section, an image signal of a gradation level which is increased or decreased
in accordance with the gradation level of the input image signal in the sub-frame period α, and an image signal
of a relatively smallest gradation level or an image signal of a gradation level lower than a prescribed level in
the sub-frame period β;
when the gradation level of the input image signal is greater than the threshold level T1 and equal to or less
than the threshold level T2, the step of supplying, to the image display section, an image signal of the gradation
level L in the sub-frame period α, and an image signal of a gradation level which is increased or decreased
in accordance with the gradation level of the input image signal in the sub-frame period β; and
when the gradation level of the input image signal is greater than the threshold level T2, the step of supplying,
to the image display section, an image signal of a gradation level which is increased or decreased in accord-
ance with the gradation level of the input image signal in the sub-frame period α, and an image signal of a
relatively largest gradation level or an image signal of a gradation level greater than the prescribed value in
the sub-frame period β.

175.An image display method for performing one frame of image display by a sum of time-integrated values of lumi-
nance displayed in an image display section in two sub-frame periods,

wherein one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period
is referred to as a sub-frame period β;

the method comprising the following steps;
generating an image in an intermediate state in terms of time through estimation based on two frames of

images continuously input;
in the sub-frame period α, when the gradation level of an input image signal is equal to or less than a threshold

level uniquely determined, the step of supplying, to the image display section, an image signal of a gradation level
which is increased or decreased in accordance with the gradation level of the input image signal; and when the
gradation level of the input image signal is greater than the threshold level, the step of supplying, to the image
display section, an image signal of a relatively largest gradation level or an image signal of a gradation level greater
than a prescribed value; and

in the sub-frame period β, when the gradation level of the image signal in the intermediate state is equal to
or less than the threshold level, the step of supplying, to the image display section, an image signal of a relatively
smallest gradation level or an image signal of a gradation level lower than the prescribed value; and when the
gradation level of the image signal in the intermediate state is greater than the threshold level, the step of supplying,
to the image display section, an image signal of a gradation level which is increased or decreased in accordance
with the gradation level of the image signal in the intermediate state.

176.An image display method for performing one frame of image display by a sum of time-integrated values of lumi-
nance displayed in an image display section in two sub-frame periods,

wherein one of the sub-frame periods is referred to as a sub-frame period α, and the other sub-frame period
is referred to as a sub-frame period β;

the method comprising the following steps:

in the sub-frame period α, when the gradation level of an input image signal is equal to or less than a threshold
level uniquely determined, the step of supplying, to the image display section, an image signal of a gradation
level which is increased or decreased in accordance with the gradation level of the input image signal; and
when the gradation level of the input image signal is greater than the threshold level, the step of supplying, to
the image display section, an image signal of a relatively largest gradation level or an image signal of a gra-
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dation level greater than a prescribed value; and
in the sub-frame period β, when an average value of the gradation level of the image signal in the current
frame period and the gradation level of an image signal input one frame before or one frame after is equal to
or less than the threshold level, the step of supplying, to the image display section, an image signal of a
relatively smallest gradation level or an image signal of a gradation level lower than the prescribed value; and
when the average value is greater than the threshold level, the step of supplying, to the image display section,
an image signal of a gradation level which is increased or decreased in accordance with the average value.

177.A computer program for allowing a computer to execute an image display method according to claim 169.

178.A computer-readable recording medium having a computer program according to claim 177 stored thereon.

179.A method of supplying, for display, an image of an input image signal including at least a moving object portion
and a background portion, wherein a frame period is divided into a plurality of sub-frame periods including at least
an α sub-frame period and a β sub-frame period, comprising:

supplying a gradation level of an input image signal to an image display section, wherein when both the moving
object portion and background portion are of a luminance level below 50% of a relatively largest luminance,
then a luminance level of a relatively smallest value is supplied in at least a β sub-frame period of the plurality
of sub-frame periods, and wherein, when both the moving object portion and background portion are of a
luminance level of at least 50% of relatively largest luminance, then a luminance level of a relatively largest
value is supplied in at least an α sub-frame period of the plurality of sub-frame periods.

180.The method of claim 179, wherein the plurality of sub-frame periods is two sub-frame periods.

181.A method of displaying including the method of claim 179, further comprising:

displaying the input image signal at the supplied gradation level.

182.A method of displaying including the method of claim 180, further comprising:

displaying the input image signal at the supplied gradation level.

183.The method of claim 182, wherein when a response time of the image display section to a decrease in the luminance
level is relatively shorter than a response time of the image display section to an increase in the luminance level,
the α sub-frame period is assigned to a second sub-frame period of the two sub-frame periods; and

when the response time of the image display section to the decrease in the luminance level is longer than
the response time of the image display section to the increase in the luminance level, the sub-frame period α is
assigned to a first sub-frame period of the two sub-frame periods.

184.A device for performing the method of claim 182, wherein a response time of the image display section to a decrease
in the luminance level is relatively shorter than a response time of the image display section to an increase in the
luminance level, and the α sub-frame period is assigned to a second sub-frame period of the two sub-frame periods.

185.A device for performing the method of claim 182, wherein a response of the image display section to the decrease
in the luminance level is longer than the response time of the image display section to the increase in the luminance
level, and the sub-frame period α is assigned to a first sub-frame period of the two sub-frame periods.

186.A computer program for allowing a computer to execute a method according to claim 179.

187.A computer program for allowing a computer to execute a method according to claim 180.

188.A computer program for allowing a computer to execute a method according to claim 181.

189.A computer program for allowing a computer to execute a method according to claim 182.

190.A computer program for allowing a computer to execute a method according to claim 183.
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191.A computer-readable recording medium having a computer program according to claim 186.

192.A computer-readable recording medium having a computer program according to claim 187.

193.A computer-readable recording medium having a computer program according to claim 188.

194.A computer-readable recording medium having a computer program according to claim 189,

195.A computer-readable recording medium having a computer program according to claim 190.

196.A method for supplying, for display, an image of an input image signal including at least a moving object portion
and a background portion, wherein a frame period is divided into a plurality of sub-frame periods, comprising:

supplying a gradation level of an input image signal to an image display section, wherein when a luminance
level of the moving object supplied in a first sub-frame period is of a luminance level relatively smaller than
the luminance level supplied in a second sub-frame period, then a luminance level of the background supplied
in the first sub-frame period is also of a luminance level relatively smaller than the luminance level supplied
in the second sub-frame period, and wherein when a luminance level of the moving object supplied in a first
sub-frame period is of a luminance level relatively larger than the luminance level supplied in a second sub-
frame period, then a luminance level of the background supplied in the first sub-frame period is also of a
luminance level relatively larger than the luminance level supplied in the second sub-frame period.

197.The method of claim 196, wherein the plurality of sub-frame periods is two sub-frame periods.

198.A method of displaying including the method of claim 196, further comprising:

displaying the input image signal at the supplied gradation level.

199.A method of displaying including the method of claim 197, further comprising:

displaying the input image signal at the supplied gradation level.

200.A computer program for allowing a computer to execute a method according to claim 196.

201.A computer program for allowing a computer to execute a method according to claim 197.

202.A computer program for allowing a computer to execute a method according to claim 198.

203.A computer program for allowing a computer to execute a method according to claim 199.

204.A computer-readable recording medium having a computer program according to claim 200.

205.A computer-readable recording medium having a computer program according to claim 201.

206.A computer-readable recording medium having a computer program according to claim 202.

207.A computer-readable recording medium having a computer program according to claim 203.

208.An apparatus for displaying an image of an input image signal including at least a moving object portion and a
background portion, wherein a frame period is divided into a plurality of sub-frame periods including at least an α
sub-frame period and a β sub-frame period, comprising:

means for supplying a gradation level of an input image signal; and
means for displaying the image signal at the supplied gradation, wherein when both the moving object portion
and background portion are of a luminance level below 50% of relatively largest luminance, then a luminance
level of a relatively smallest value is supplied in at least a β sub-frame period of the plurality of sub-frame
periods, and wherein, when both the moving object portion and background portion are of a luminance level
of at least 50% of relatively largest luminance, then a luminance level of a relatively largest value is supplied
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in at least an α sub-frame period of the plurality of sub-frame periods.

209.The apparatus of claim 208, wherein the plurality of sub-frame periods is two sub-frame periods.

210.The apparatus of claim 209, wherein when a response time of the means for displaying to a decrease in the
luminance level is relatively shorter than a response time of the means for displaying to an increase in the luminance
level, the α sub-frame period is assigned to a second sub-frame period of the two sub-frame periods; and

when the response time of the means for displaying to the decrease in the luminance level is longer than
the response time of the means for displaying to the increase in the luminance level, the sub-frame period α is
assigned to a first sub-frame period of the two sub-frame periods.

211.The apparatus of claim 209, wherein a response time of the means for displaying to a decrease in the luminance
level is relatively shorter than a response time of the means for displaying to an increase in the luminance level,
and the α sub-frame period is assigned to a second sub-frame period of the two sub-frame periods.

212.The apparatus of claim 209, wherein a response of the means for displaying to the decrease in the luminance
level is longer than the response time of the means for displaying to the increase in the luminance level, and the
sub-frame period α is assigned to a first sub-frame period of the two sub-frame periods.

213.An apparatus for displaying an image of an input image signal including at least a moving object portion and a
background portion, wherein a frame period is divided into a plurality of sub-frame periods, comprising:

means for supplying a gradation level of an input image signal; and
means for displaying the input image signal at the supplied gradation, wherein when a luminance level of the
moving object supplied in a first sub-frame period is of a luminance level relatively smaller than the luminance
level supplied in a second sub-frame period, then a luminance level of the background supplied in the first
sub-frame period is also of a luminance level relatively smaller than the luminance level supplied in the second
sub-frame period, and wherein when a luminance level of the moving object supplied in a first sub-frame period
is of a luminance level relatively larger than the luminance level supplied in a second sub-frame period, then
a luminance level of the background supplied in the first sub-frame period is also of a luminance level relatively
larger than the luminance level supplied in the second sub-frame period.

214.The apparatus of claim 213, wherein the plurality of sub-frame periods is two sub-frame periods.

215.An apparatus for displaying an image of an input image signal including at least a moving object portion and a
background portion, wherein a frame period is divided into a plurality of sub-frame periods including at least an α
sub-frame period and a β sub-frame period, comprising:

a display control section, adapted to supply a gradation level of an input image signal; and
an image display section, adapted to display the image signal at the supplied gradation, wherein when both
the moving object portion and background portion are of a luminance level below 50% of relatively largest
luminance, then a luminance level of a relatively smallest value is supplied in at least a β sub-frame period of
the plurality of sub-frame periods, and wherein, when both the moving object portion and background portion
are of a luminance level of at least 50% of relatively largest luminance, then a luminance level of a relatively
largest is supplied in at least an α sub-frame period of the plurality of sub-frame periods.

216.The apparatus of claim 215, wherein the plurality of sub-frame periods is two sub-frame periods.

217.The apparatus of claim 216, wherein when a response time of the image display section to a decrease in the
luminance level is relatively shorter than a response time of the image display section to an increase in the lumi-
nance level, the α sub-frame period is assigned to a second sub-frame period of the two sub-frame periods; and

when the response time of the image display section to the decrease in the luminance level is longer than
the response time of the image display section to the increase in the luminance level, the sub-frame period α is
assigned to a first sub-frame period of the two sub-frame periods.

218.The apparatus of claim 216, wherein a response time of the image display section to a decrease in the luminance
level is relatively shorter than a response time of the image display section to an increase in the luminance level,
and the α sub-frame period is assigned to a second sub-frame period of the two sub-frame periods.
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219.The apparatus of claim 216, wherein a response of the image display section to the decrease in the luminance
level is longer than the response time of the image display section to the increase in the luminance level, and the
sub-frame period α is assigned to a first sub-frame period of the two sub-frame periods.

220.An apparatus for displaying an image of an input image signal including at least a moving object portion and a
background portion, wherein a frame period is divided into a plurality of sub-frame periods, comprising:

a display control section, adapted to supply a gradation level of an input image signal; and
an image display section, adapted to display the input image signal at the supplied gradation, wherein when
a luminance level of the moving object supplied in a first sub-frame period is of a luminance level relatively
smaller than the luminance level supplied in a second sub-frame period, then a luminance level of the back-
ground supplied in the first sub-frame period is also of a luminance level relatively smaller than the luminance
level supplied in the second sub-frame period, and wherein when a luminance level of the moving object
supplied in a first sub-frame period is of a luminance level relatively larger than the luminance level supplied
in a second sub-frame period, then a luminance level of the background supplied in the first sub-frame period
is also of a luminance level relatively larger than the luminance level supplied in the second sub-frame period.

221.The apparatus of claim 220, wherein the plurality of sub-frame periods is two sub-frame periods.

222.A method of supplying, for display, an image of an input image signal, wherein a frame period is divided into a
plurality of sub-frames, comprising:

supplying a gradation level of an input image signal to an image display section, wherein a relatively largest
luminance value is supplied in at least one relatively central of the plurality of sub-frames with relatively smallest
luminance values being supplied in sub-frames relatively furthest from the relatively central of the plurality of
sub-frames.

223.The method of claim 222, wherein when the gradation level is at least 50% of relatively largest luminance, then a
luminance level of a relatively largest luminance value is supplied to at least one relatively central sub-frame.

224.The method of claim 222, wherein when the gradation level is less than 50% of the relatively largest luminance
level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from the
relatively central of the plurality of sub-frames.

225.The method of claim 223, wherein when the gradation level is less than 50% of the relatively largest luminance
level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from the
relatively central of the plurality of sub-frames.

226.The method of claim 222, wherein when the plurality of sub-frames is odd in number, a relatively largest luminance
value is supplied in at least one central sub-frame, and when the plurality of sub-frames is even in number, a
relatively largest luminance value is supplied in at least two relatively central sub-frames.

227.A method of displaying including the method of claim 222, further comprising:

displaying the input image signal at the supplied gradation level.

228.A computer program for allowing a computer to execute a method according to claim 222.

229.A computer program for allowing a computer to execute a method according to claim 223.

230.A computer program for allowing a computer to execute a method according to claim 224.

231.A computer program for allowing a computer to execute a method according to claim 225.

232.A computer program for allowing a computer to execute a method according to claim 226.

233.A computer program for allowing a computer to execute a method according to claim 227.
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234.A computer-readable recording medium having a computer program according to claim 228.

235.A computer-readable recording medium having a computer program according to claim 229.

236.A computer-readable recording medium having a computer program according to claim 230.

237.A computer-readable recording medium having a computer program according to claim 231.

238.A computer-readable recording medium having a computer program according to claim 232.

239.A computer-readable recording medium having a computer program according to claim 233.

240.A method of supplying, for display, an image of an input image signal, wherein a frame period is divided into a
plurality of sub-frames, comprising:

supplying a gradation level of an input image signal to an image display section, wherein luminance values of
the gradation level are relatively lowered for sub-frames relatively outward from a relatively central of the
plurality of sub-frames.

241.The method of claim 240, wherein when the gradation level is at least 50% of relatively largest luminance, then a
luminance level of a relatively largest luminance value is supplied to at least one relatively central of the plurality
of sub-frames.

242.The method of claim 240, wherein when the gradation level is less than 50% of the relatively largest luminance
level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from the
relatively central of the plurality of sub-frames.

243.The method of claim 241, wherein when the gradation level is less than 50% of the relatively largest luminance
level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from the
relatively central of the plurality of sub-frames.

244.The method of claim 240, wherein when the plurality of sub-frames is odd in number, a relatively largest luminance
value is supplied in at least one central sub-frame, and when the plurality of sub-frames is even in number, a
relatively largest luminance value is supplied in at least two relatively central sub-frames.

245.A method of displaying including the method of claim 240, further comprising:

displaying the input image signal at the supplied gradation level.

246.A computer program for allowing a computer to execute a method according to claim 240.

247.A computer program for allowing a computer to execute a method according to claim 241.

248.A computer program for allowing a computer to execute a method according to claim 242.

249.A computer program for allowing a computer to execute a method according to claim 243.

250.A computer program for allowing a computer to execute a method according to claim 244.

251.A computer program for allowing a computer to execute a method according to claim 245.

252.A computer-readable recording medium having a computer program according to claim 246.

253.A computer-readable recording medium having a computer program according to claim 247.

254.A computer-readable recording medium having a computer program according to claim 248.

255.A computer-readable recording medium having a computer program according to claim 249.
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256.A computer-readable recording medium having a computer program according to claim 250.

257.A computer-readable recording medium having a computer program according to claim 251.

258.An apparatus for displaying an image of an input image signal, wherein a frame period is divided into a plurality
of sub-frames, comprising:

means for supplying a gradation level of an input image signal; and
means for displaying the input image signal at a supplied gradation level, wherein a relatively largest luminance
value is supplied in at least one relatively central of the plurality of sub-frames with relatively smallest luminance
values being supplied in sub-frames relatively furthest from the relatively central of the plurality of sub-frames.

259.The apparatus of claim 258, wherein when the gradation level is at least 50% of relatively largest luminance, then
a luminance level of a relatively largest luminance value is supplied to at least one relatively central sub-frame.

260.The apparatus of claim 258, wherein when the gradation level is less than 50% of the relatively largest luminance
level , then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from the
relatively central of the plurality of sub-frames.

261.The apparatus of claim 259, wherein when the gradation level is less than 50% of the relatively largest luminance
level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from the
relatively central of the plurality of sub-frames.

262.The apparatus of claim 258, wherein when the plurality of sub-frames is odd in number, a relatively largest lumi-
nance value is supplied in at least one central sub-frame, and when the plurality of sub-frames is even in number,
a relatively largest luminance value is supplied in at least two relatively central sub-frames.

263.An apparatus for displaying an image of an input image signal, wherein a frame period is divided into a plurality
of sub-frames, comprising:

a display control section, adapted to supply a gradation level of an input image signal; and
an image display section, adapted to display the input image signal at a supplied gradation level, wherein a
relatively largest luminance value is supplied in at least one relatively central of the plurality of sub-frames
with relatively smallest luminance values being supplied in sub-frames relatively furthest from the relatively
central of the plurality of sub-frames.

264.The apparatus of claim 263, wherein when the gradation level is at least 50% of relatively largest luminance, then
a luminance level of a relatively largest luminance value is supplied to at least one relatively central sub-frame.

265.The apparatus of claim 263, wherein when the gradation level is less than 50% of the relatively largest luminance
level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from the
relatively central of the plurality of sub-frames.

266.The apparatus of claim 264, wherein when the gradation level is less than 50% of the relatively largest luminance
level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from the
relatively central of the plurality of sub-frames.

267.The apparatus of claim 264, wherein when the plurality of sub-frames is odd in number, a relatively largest lumi-
nance value is supplied in at least one central sub-frame, and when the plurality of sub-frames is even in number,
a relatively largest luminance value is supplied in at least two relatively central sub-frames.

268.An apparatus for displaying an image of an input image signal, wherein a frame period is divided into a plurality
of sub-frames, comprising:

means for supplying a gradation level of an input image signal; and
means for displaying the input image signal at the supplied gradation level, wherein luminance values of the
gradation level are relatively lowered for sub-frames relatively outward from a relatively central of the plurality
of sub-frames.



EP 1 536 407 A2

5

10

15

20

25

30

35

40

45

50

55

120

269.The apparatus of claim 268, wherein when the gradation level is at least 50% of relatively largest luminance, then
a luminance level of a relatively largest luminance value is supplied to at least one relatively central of the plurality
of sub-frames.

270.The apparatus of claim 268, wherein when the gradation level is less than 50% of the relatively largest luminance
level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from the
relatively central of the plurality of sub-frames.

271.The apparatus of claim 269, wherein when the gradation level is less than 50% of the relatively largest luminance
level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from the
relatively central of the plurality of sub-frames.

272.The apparatus of claim 268, wherein when the plurality of sub-frames is odd in number, a relatively largest lumi-
nance value is supplied in at least one central sub-frame, and when the plurality of sub-frames is even in number,
a relatively largest luminance value is supplied in at least two relatively central sub-frames.

273.An apparatus for displaying an image of an input image signal, wherein a frame period is divided into a plurality
of sub-frame periods, comprising:

a display control section, adapted to supply a gradation level of an input image signal; and
an image display section, adapted to display the input image signal at the supplied gradation level, wherein
luminance values of the gradation level are relatively lowered for sub-frames relatively outward from a relatively
central of the plurality of sub-frames.

274.The apparatus of claim 273, wherein when the gradation level is at least 50% of relatively largest luminance, then
a luminance level of a relatively largest luminance value is supplied to at least one relatively central of the plurality
of sub-frames.

275.The apparatus of claim 273, wherein when the gradation level is less than 50% of the relatively largest luminance
level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from the
relatively central of the plurality of sub-frames.

276.The apparatus of claim 274, wherein when the gradation level is less than 50% of the relatively largest luminance
level, then a luminance level of a relatively smallest value is supplied in sub-frames relatively furthest from the
relatively central of the plurality of sub-frames.

277.The apparatus of claim 273, wherein when the plurality of sub-frames is odd in number, a relatively largest lumi-
nance value is supplied in at least one central sub-frame, and when the plurality of sub-frames is even in number,
a relatively largest luminance value is supplied in at least two relatively central sub-frames.

278.A computer program for allowing a computer to execute an image display method according to claim 170.

279.A computer-readable recording medium having a computer program according to claim 278 stored thereon.

280.A computer program for allowing a computer to execute an image display method according to claim 171.

281.A computer-readable recording medium having a computer program according to claim 280 stored thereon.

282.A computer program for allowing a computer to execute an image display method according to claim 172.

283.A computer-readable recording medium having a computer program according to claim 282 stored thereon.

284.A computer program for allowing a computer to execute an image display method according to claim 173.

285.A computer-readable recording medium having a computer program according to claim 284 stored thereon.

286.A computer program for allowing a computer to execute an image display method according to claim 174.
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287.A computer-readable recording medium having a computer program according to claim 286 stored thereon.

288.A computer program for allowing a computer to execute an image display method according to claim 175.

289.A computer-readable recording medium having a computer program according to claim 288 stored thereon.

290.A computer program for allowing a computer to execute an image display method according to claim 176.

291.A computer-readable recording medium having a computer program according to claim 290 stored thereon.

292.An electronic apparatus for performing image display on a display screen of an image display section of an image
display apparatus according to claim 1.

293.A liquid crystal TV, comprising:

an image display apparatus according to claim 5; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
image display apparatus.

294.A liquid crystal monitoring apparatus, comprising:

an image display apparatus according to claim 5; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the image display apparatus.

295.An electronic apparatus for performing image display on a display screen of an image display section of an image
display apparatus according to claim 5.

296.A liquid crystal TV, comprising:

an image display apparatus according to claim 6; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
image display apparatus.

297.A liquid crystal monitoring apparatus, comprising:

an image display apparatus according to claim 6; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the image display apparatus.

298.An electronic apparatus for performing image display on a display screen of an image display section of an image
display apparatus according to claim 6.

299.A liquid crystal TV, comprising:

an image display apparatus according to claim 7; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
image display apparatus.

300.A liquid crystal monitoring apparatus, comprising:

an image display apparatus according to claim 7; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the image display apparatus.

301.An electronic apparatus for performing image display on a display screen of an image display section of an image
display apparatus according to claim 7.
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302.A liquid crystal TV, comprising:

an image display apparatus according to claim 8; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
image display apparatus.

303.A liquid crystal monitoring apparatus, comprising:

an image display apparatus according to claim 8; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the image display apparatus.

304.An electronic apparatus for performing image display on a display screen of an image display section of an image
display apparatus according to claim 8.

305.A liquid crystal TV, comprising:

an image display apparatus according to claim 9; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
image display apparatus.

306.A liquid crystal monitoring apparatus, comprising:

an image display apparatus according to claim 9; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the image display apparatus.

307.An electronic apparatus for performing image display on a display screen of an image display section of an image
display apparatus according to claim 9.

308.A liquid crystal TV, comprising:

an image display apparatus according to claim 10; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
image display apparatus.

309.A liquid crystal monitoring apparatus, comprising:

an image display apparatus according to claim 10; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the image display apparatus.

310.An electronic apparatus for performing image display on a display screen of an image display section of an image
display apparatus according to claim 10.

311.A liquid crystal TV, comprising:

an image display apparatus according to claim 11; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
image display apparatus.

312.A liquid crystal monitoring apparatus, comprising:

an image display apparatus according to claim 11; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the image display apparatus.

313.An electronic apparatus for performing image display on a display screen of an image display section of an image
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display apparatus according to claim 11.

314.A liquid crystal TV, comprising:

an image display apparatus according to claim 12; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
image display apparatus.

315.A liquid crystal monitoring apparatus, comprising:

an image display apparatus according to claim 12; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the image display apparatus.

316.An electronic apparatus for performing image display on a display screen of an image display section of an image
display apparatus according to claim 12.

317.A liquid crystal TV, comprising:

an apparatus for displaying according to claim 215 ; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
apparatus for displaying.

318.A liquid crystal monitoring apparatus, comprising:

an apparatus for displaying according to claim 215; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the apparatus for displaying.

319.An electronic apparatus for performing image display on a display screen of an image display section of an appa-
ratus for displaying according to claim 215.

320.A liquid crystal TV, comprising:

an apparatus for displaying according to claim 220; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
apparatus for displaying.

321.A liquid crystal monitoring apparatus, comprising:

an apparatus for displaying according to claim 220; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the apparatus for displaying.

322.An electronic apparatus for performing image display on a display screen of an image display section of an appa-
ratus for displaying according to claim 220.

323.A liquid crystal TV, comprising:

an apparatus for displaying according to claim 263; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
apparatus for displaying.

324.A liquid crystal monitoring apparatus, comprising:

an apparatus for displaying according to claim 263; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the apparatus for displaying.
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325.An electronic apparatus for performing image display on a display screen of an image display section of an appa-
ratus for displaying according to claim 263.

326.A liquid crystal TV, comprising:

an apparatus for displaying according to claim 273; and
a tuner section for outputting a TV broadcast signal of a selected channel to the display control section of the
apparatus for displaying.

327.A liquid crystal monitoring apparatus, comprising:

an apparatus for displaying according to claim 273; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the display control section of the apparatus for displaying.

328.An electronic apparatus for performing image display on a display screen of an image display section of an appa-
ratus for displaying according to claim 273.

329.A liquid crystal TV, comprising:

an apparatus for displaying according to claim 208 ; and
a tuner section for outputting a TV broadcast signal of a selected channel to the means for supplying of the
apparatus for displaying.

330.A liquid crystal monitoring apparatus, comprising:

an apparatus for displaying according to claim 208; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the means for supplying of the apparatus for displaying.

331.An electronic apparatus for performing image display on a display screen of the means for displaying of an appa-
ratus for displaying according to claim 208.

332.A liquid crystal TV, comprising:

an apparatus for displaying according to claim 213; and
a tuner section for outputting a TV broadcast signal of a selected channel to the means for supplying of the
apparatus for displaying.

333.A liquid crystal monitoring apparatus, comprising:

an apparatus for displaying according to claim 213; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the means for supplying of the apparatus for displaying.

334.An electronic apparatus for performing image display on a display screen of the means for displaying of an appa-
ratus for displaying according to claim 213.

335.A liquid crystal TV, comprising:

an apparatus for displaying according to claim 258; and
a tuner section for outputting a TV broadcast signal of a selected channel to the means for supplying of the
apparatus for displaying.

336.A liquid crystal monitoring apparatus, comprising:

an apparatus for displaying according to claim 258; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
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signal, to the means for supplying of the apparatus for displaying.

337.An electronic apparatus for performing image display on a display screen of the means for displaying of an appa-
ratus for displaying according to claim 258.

338.A liquid crystal TV, comprising:

an apparatus for displaying according to claim 268; and
a tuner section for outputting a TV broadcast signal of a selected channel to the means for supplying of the
apparatus for displaying.

339.A liquid crystal monitoring apparatus, comprising:

an apparatus for displaying according to claim 268; and
a signal processing section for outputting a monitor image signal, obtained by processing an external monitor
signal, to the means for supplying of the apparatus for displaying.

340.An electronic apparatus for performing image display on a display screen of the means for displaying of an appa-
ratus for displaying according to claim 268.
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