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1
DISPLAY CONTROL APPARATUS AND
METHOD OF DETERMINING DRIVING
PARAMETER FOR OVERDRIVE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a technique of determining
a driving parameter for overdrive of a liquid crystal display
device.

2. Description of the Related Art

Recently, liquid crystal display devices have been used as
TV receivers and the display devices of PCs. However, in a
liquid crystal display device, the response speed of the liquid
crystal is relatively low until actual display with respect to the
change rate (e.g., frame rate) of an input video signal, and
hence an afterimage can be generated when, for example, a
moving image is displayed. As a driving method for improv-
ing the response speed of a liquid crystal display device, there
has been proposed a so-called overdrive driving method of
correcting and outputting the video signal of the current dis-
play frame in accordance with a combination of a video signal
ofadisplay frame (current display frame) as a current display
target and the video signal of the immediately preceding
display frame (for example, Japanese Patent No. 3305240).

In addition, Japanese Patent Laid-Open No. 2001-343956
discloses a method of enhancing the effect of improving
liquid crystal response speed by driving one frame upon
dividing it into fields, and performing overdrive driving for
the first field.

FIG. 10 is a block diagram for explaining an overdrive
driving circuit. Referring to FIG. 10, reference numeral 1000
denotes an overdrive correction processing unit; 120, a frame
memory; and 110, a display output unit. The overdrive cor-
rection processing unit 1000 includes a correction amount
determination unit 1001, a correction table 1002, and a cor-
rection amount adding unit 1003.

The overdrive correction processing unit 1000 receives the
video signal of the current frame and the video signal of the
immediately preceding frame stored in the frame memory
120. The correction amount determination unit 1001 calcu-
lates a correction amount in accordance with a combination
of the signal levels of the two frames. If, for example, the
video signal level of the current frame is higher than that of
the immediately preceding frame, the correction amount
determination unit 1001 calculates a correction amount so as
to drive the liquid crystal panel at a liquid crystal driving
voltage higher than a normal driving voltage. In contrast, if
the video signal level of the current frame is lower than that of
the immediately preceding frame, the correction amount
determination unit 1001 calculates a correction amount so as
to drive the liquid crystal panel at a liquid crystal driving
voltage lower than the normal liquid crystal driving voltage.

The correction amount determination unit 1001 reads out a
correction amount corresponding to a combination of video
signal levels by referring to the correction table 1002. Note
that only representative combinations of video signal levels
may be stored in the correction table 1002, and other combi-
nations may be calculated by using an interpolation function.
The data to be stored in the correction table 1002 are deter-
mined based on the result obtained by measuring a liquid
crystal response speed for each signal level combination.

The correction amount adding unit 1003 adds or subtracts
the correction amount determined by the correction amount
determination unit 1001 to or from the video signal of the
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current frame. The display output unit 110 converts the cor-
rected input video signal into a liquid crystal panel driving
signal.

It is known that a liquid crystal response speed changes
depending on an operating environment such as a tempera-
ture. That is, depending on an operating environment, the
liquid crystal response speed which is set when data to be
stored in the correction table 1002 is determined differs from
the liquid crystal response speed of an actually used display
device. In this case, a calculated overdrive driving correction
amount is not an appropriate value, and hence the liquid
crystal response speed cannot be sufficiently improved. In
addition, an edge portion of a moving image is unnaturally
colored.

Japanese Patent Laid-Open No. 2005-70799 discloses a
liquid crystal display device which stops overdrive driving
based on an instruction from a user or changes the enhance-
ment conversion degree. In addition, Japanese Patent Laid-
Open No. 2006-243325 discloses a liquid crystal display
device which is provided with an arithmietic circuit so as to
reduce a correction table to be used when a correction amount
is to be changed in accordance with the temperature of the
liquid crystal display device, an instruction from the user, the
characteristics of an image, and the like.

When the correction amount for overdrive driving is to be
adjusted by user operation, the user may adjust the correction
amount without specifically knowing what kind of image a
target image is. In addition, the user may set a correction
amount with a purpose different from the primary purpose of
implementing overdrive driving. Setting an inappropriate
correction amount in this manner will lead to problems such
as coloring of an edge portion of a moving image and an
increase in noise.

The present invention provides a technique of allowing a
user to more easily set a correction amount in overdrive
driving of a liquid crystal display device.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, a display
control apparatus which determines a driving parameter for
overdrive of a liquid crystal display device, the apparatus
comprises: a first display unit which repeatedly scrolls a
preset reference pattern image in a first region of the liquid
crystal display device in one direction; a second display unit
which statically displays, in a second region of the liquid
crystal display device, a plurality of sample images identical
to the reference pattern image and having pseudo-afterimage
regions whose end portions in a direction of the scrolling are
different from each other; a selection acceptance unit which
accepts selection of one sample image of the plurality of
sample images statically displayed in the second region from
auser; and a determination unit which determines the driving
parameter for overdrive based on a difference between a pixel
value of the pseudo-afterimage region of a selected sample
image and a pixel value of a region corresponding to the
pseudo-afterimage region of the reference pattern image.

According to another aspect of the present invention, a
display control apparatus which determines a driving param-
eter for overdrive of a liquid crystal display device, the appa-
ratus comprises: a first display unit which repeatedly scrolls a
preset reference pattern image in a first region of the liquid
crystal display device in one direction; a second display unit
which statically displays, in a second region of the liquid
crystal display device, a sample image identical to the refer-
ence pattern image and having a pseudo-afterimage region
whose end portion in a direction of the scrolling changes in
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accordance with user operation using an operation unit; a
selection acceptance unit which accepts, from a user, selec-
tion of one sample image of the plurality of sample images
statically displayed in the second region; and a determination
unit which determines the driving parameter for overdrive
based on a difference between a pixel value of the pseudo-
afterimage region of a sample image adjusted by a user and a
pixel value of a region corresponding to the pseudo-afterim-
age region of the reference pattern image.

According to still another aspect of the present invention, a
method of determining a driving parameter for overdrive of a
liquid crystal display device, the method comprises: a first
display step of repeatedly scrolling a preset reference pattern
image in a first region of the liquid crystal display device in
one direction; a second display step of statically displaying, in
a second region of the liquid crystal display device, a plurality
of sample images identical to the reference pattern image and
sample images having pseudo-afterimage regions whose end
portions in a direction of the scrolling are different from each
other; a selection acceptance step of accepting selection of
one sample image of the plurality of sample images statically
displayed in the second region from a user; and a determina-
tion step of determining the driving parameter for overdrive
based on a difference between a pixel value of the pseudo-
afterimage region of a selected sample image and a pixel
value of a region corresponding to the pseudo-afterimage
region of the reference pattern image.

According to the present invention, there is provided a
technique of allowing a user to more easily set a correction
amount in overdrive (OD) driving of a liquid crystal display
device.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate embodi-
ments of the invention and, together with the description,
serve to explain the principles of the invention.

FIG.11isablock diagram showing the internal arrangement
of a liquid crystal display device according to the first
embodiment;

FIG. 2 is a view showing an example of the image data of
a fixed pattern stored in a memory unit 100;

FIG. 3 is a view for explaining a scroll pattern output by a
scroll processing unit 101;

FIG. 4is aview for explaining six sample images generated
by a sample image generating unit 103;

FIG. 5 is a view showing an example of an image quality
adjustment window on the liquid crystal display device
according to the first embodiment;

FIG. 6 is a view showing an example of the image quality
adjustment window updated after sample image selection;

FIG. 7 is a flowchart showing image quality adjustment
processing in the liquid crystal display device according to
the first embodiment;

FIG. 8 is a flowchart showing image quality adjustment
processing in a liquid crystal display device according to the
second embodiment;

FIG. 9 is a view showing an adjustment slider 900 included
in an image quality adjustment window on the liquid crystal
display device according to the second modification; and
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FIG. 10 is a block diagram for explaining an overdrive
driving circuit.

DESCRIPTION OF THE EMBODIMENTS

The preferred embodiments of the present invention will be
described in detail below with reference to the accompanying
drawings. Note that the following embodiments are merely
examples, and do not limit the scope of the present invention.

First Embodiment

A liquid crystal display device will be exemplarily
described below as the first embodiment of a display control
apparatus according to the present invention.

<Device Arrangement>

FIG.11is ablock diagram showing the internal arrangement
of a liquid crystal display device according to the first
embodiment.

Reference numeral 100 denotes a memory unit which
stores the image data of a fixed pattern (to be described later);
101, a scroll processing unit for scrolling the image data of the
fixed pattern; and 102, an OD driving adjustment unit which
performs signal processing for OD (overdrive) driving for the
moving image output from the scroll processing unit 101.
Note that the OD driving adjustment unit 102 corresponds to
an overdrive correction processing unit 1000 in FIG. 10.
Note, however, that the OD driving adjustment unit 102 dif-
fers from the unit 1000 in FIG. 10 in that the unit 102 is
configured to adjust a correction amount based on a param-
eter input from a sample image generating unit 103 (to be
described later).

The sample image generating unit 103 generates a sample
image (to be described later) based on the image data of a
fixed pattern. Reference numeral 104 denotes an OSD (On-
Screen Display) generating unit which generates a window
for a user interface; 105, a mixing unit for forming the images
generated by the OD driving adjustment unit 102, the sample
image generating unit 103, and the OSD generating unit 104
into one window; and 106, an operation unit for accepting
operation from a user. This unit includes a keyboard, mouse,
and remote controller. Note that the operation unit 106 cor-
responds to the selection acceptance unit in the appended
claims. A display outputunit 110 and a frame memory 120 are
identical to those shown in FIG. 10, and hence a repetitive
description will be omitted.

FIG. 2 is a view showing an example of the image data of
a fixed pattern stored in the memory unit 100. Image data 200
of a fixed pattern is a reference pattern image serving as a
reference for a “scroll pattern” and a “sample image” (to be
described later). For the sake of simplicity, assume that the
image data 200 of the fixed pattern is rectangular image data
constituted by regions (regions A and B) having two different
tone values. More specifically, assume that the region A is
deep (dark) gray represented by (R, G, B)=(150, 150, 150),
and the region B is pale (light) gray represented by (R, G,
B)=(200, 200, 200). Note thatred (R), green (G), and blue (B)
each are expressed by 256 (8 bits) tones. It is preferable that
tone combinations which exhibit large change amounts of
response speed, in particular, due to a difference in operating
environment and the like be selected as two kinds of tones
included in a fixed pattern.

Although the following description is based on the
assumption that only one kind of image data 200 is stored in
the memory unit 100, it suffices to store the image data of
different fixed patterns. It also suffices to store a pattern image
other than a gray image. Furthermore, the memory unit 100
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may store amoving image instead of a still image. In this case,
this device need not be provided with the scroll processing
unit 101.

Scroll Pattern

FIG. 3 is aview for explaining a scroll pattern output by the
scroll processing unit 101.

The scroll processing unit 101 reads out the image data 200
from the memory unit 100, and performs processing to scroll
the image data 200 on a liquid crystal display unit (not shown)
connected to the display output unit 110. In this case, to scroll
is to move and display an image on the liquid crystal display
unit in a predetermined direction at a predetermined speed.
Note that the scroll processing unit 101 corresponds to the
first display unit in the appended claims.

When, for example, scrolling an image to the right (in one
direction) by 16 pixels per frame, the scroll processing unit
101 reads out the image data 200 from the memory unit 100
while shifting it to the right by 16 pixels per frame, and
outputs the readout result. Performing such control will scroll
the deep gray rectangular image (region A) on the pale gray
image (region B) as a background image to the right by 16
pixels per frame. A moving image obtained by scroll process-
ing will be referred to as a “scroll pattern” hereinafter.

The OD driving adjustment unit 102 calculates a correction
amount in accordance with a combination of the scroll pattern
output from the scroll processing unit 101 and the scroll
pattern of the immediately preceding frame temporarily
stored in the frame memory 120. The OD driving adjustment
unit 102 generates an image signal for overdrive driving by
adding or subtracting the calculated correction amount to or
from the image signal of the scroll pattern of the current
display frame.

Note that if no optimal correction amount is provided by
the OD driving adjustment unit 102, it is impossible to suffi-
ciently improve a response speed for a tone change between
frames. In addition, for example, an edge portion of a moving
image exhibiting a large tone change between frames is
unnaturally colored, or an image is displayed with an after-
image being left. For this reason, if no optimal correction
amount is provided when the image data 200 is scrolled to the
right at a predetermined speed, a region where a tone change
occurs between frames, for example, a portion near a right
end region or left end region of the region A, is also colored,
or an afterimage is generated.

Reference numeral 300 denotes a scroll pattern. A region C
is a region in which the tone value changes between display
frames (i.e., between the current display frame and the imme-
diately preceding display frame). In this case, a region in
which a tone value changes from (R, G, B)=(200, 200, 200) to
(R, G,B)=(150, 150, 150) is shown as the region C. Overdrive
driving is performed based on the correction amount calcu-
lated from a combination of tone value (R, G, B)=(200, 200,
200) of the immediately preceding frame and tone value (R,
G, B)=(150, 150, 150) of the current frame. For this reason, if
a correction amount for this combination is not optimal, the
above trouble of coloring occurs. That is, the region C indi-
cates a region in which coloring occurs if the OD driving
adjustment unit 102 does not provide an appropriate correc-
tion amount.

Sample Image

FIG. 4is aview for explaining six sample images generated
by the sample image generating unit 103.

The sample image generating unit 103 reads out the image
data 200 from the memory unit 100 and generates a sample
image by replacing the tone value of a partial region of the
image data 200 with a different tone value. Note that the
sample image generating unit 103 corresponds to the second
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display unit in the appended claims. FIG. 4 shows an example
of how six sample images (a) to (f) replaced with different
tone values are generated. A sample image generation
sequence will be described below.

First of all, the sample image generating unit 103 reads out
the image data 200 of the fixed pattern from the memory unit
100, for example, six times during one frame period. That is,
each sample is identical to the image data 200 as the reference
pattern image. Assume that in this case, only a partial region
(region A) of the image data 200 is read out. This is because
a region in which a tone value is replaced is a region corre-
sponding to the region C described above, and the region C is
included in the region A.

The sample image generating unit 103 then replaces the
tone value of a partial region (end portion) of the readout
region (region A) with a different tone value. A region
(pseudo-afterimage region) subjected to replacement is a
region corresponding to the region C described above. This
region will be referred to as a region D on a sample image.
That is, the width of the region D corresponds to a region in
which a change in pixel value occurs between the current
frame and the immediately preceding frame. More specifi-
cally, this region is determined by the refresh rate and scroll
speed of the liquid crystal display panel. If, for example, the
scroll pattern 300 is a moving image which scrolls to the right
by 16 pixels per frame, the region D can be a rectangular
region having a width of about 16 pixels on the right end of the
region A.

Although any kind of value can be set as the tone value of
the region D which is actually set, it suffices to roughly
predict the degrees of change in the response characteristic of
the liquid crystal from an operating environment including an
operating temperature and operation time and set several tone
values well representing coloring degrees determined by the
change amounts. It also suffices to select several tone values
near to the tone values of the regions A and B and set them for
the region D. In this case, for example, the region D is
replaced with six different gray images obtained by changing
R, G, B)=(190, 190, 190) to (R, G, B)=(90, 90, 90) by (R, G,
B)=(20, 20, 20) at a time. The purpose of changing the tone
value of the region D is to statically display image candidates
similar to the scroll pattern 300 having the region C as a
plurality of still patterns.

When overdrive driving is performed on the scroll pattern
300 with an optimal correction amount, the tone value of the
region C is (R, G, B)=(150, 150, 150). If, however, the cor-
rection amount is not optimal, for example, the tone value
becomes (R, G, B)=(120, 120, 120) or the color balance
deteriorates to (R, G, B)=(120, 150, 160). It is, however,
difficult to accurately determine in advance how the region C
is displayed, because it changes depending on a difference in
operating environment. For this reason, the first embodiment
is configured to make the user select a still pattern (sample
image) most similar to the display of the region C of the scroll
pattern 300, thereby uniquely determining it.

Setting User Interface (UI)

FIG. 5 is a view showing an example of an image quality
adjustment window on the liquid crystal display device
according to the first embodiment. An image quality adjust-
ment window 500 is displayed when, for example, the user
operates the operation unit 106. When, for example, the user
presses an image quality setting button on a remote controller,
the image quality adjustment function is invoked, and the
image quality adjustment window 500 is displayed. Note that
the image quality adjustment window 500 is an image output
from the mixing unit 105. The user operates the operation unit
106 to issue an instruction to determine an image quality
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adjustment value, an instruction to select the image data of a
fixed pattern to be used, an instruction to change a scroll speed
or direction, and the like.

Inthe case shown in FIG. 5, the scroll pattern 300 described
above is placed in the upper left region (in the first region) of
the setting window. A selection window 400 on which a
plurality of sample patterns is shown is placed in the lower
region (in the second region) of the setting window. In addi-
tion, buttons and the like generated by the OSD generating
unit 104 are arranged in the upper right region of the setting
window. Although the arrangement of the respective portions
can be arbitrarily determined, it is preferable to display them
within the same window.

The scroll processing unit 101 selects image data to be read
out from the memory unit 100 based on a user instruction to
select the image data of a fixed pattern. The following
description is based on the assumption that the image data 200
has been selected. The scroll processing unit 101 changes the
scroll speed to a desired speed by changing the reading and
outputting of the image data 200 from the memory unit 100
based on the operation of a slider for scroll speed adjustment
via the operation unit 106. On the image quality adjustment
window 500, a plurality of sample images shown in FIG. 4 are
arranged as the selection window 400. This window is con-
figured to allow the user to select a sample image by moving
a cursor 510 via the operation unit 106.

<Operation of Device>

FIG. 7 is a flowchart showing image quality adjustment
processing in the liquid crystal display device according to
the first embodiment. Note that the following sequence is
implemented by causing a CPU (not shown) of the liquid
crystal display device to execute an image quality adjustment
program.

The CPU determines in step S11 whether the user has
issued an instruction to start image quality adjustment via the
operation unit 106. If the user has issued an instruction to start
image quality adjustment, the process advances to step S12.

In step S12, the scroll processing unit 101 reads the image
data 200 from the memory unit 100 and starts generating a
scroll image. The OD driving adjustment unit 102 sets, for
example, a correction amount for an initially set value (de-
fault value) based on a correction table, and starts performing
OD driving correction processing for a scroll pattern.

In step S13, the sample image generating unit 103 reads the
image data 200 from the memory unit 100 and generates the
above sample image.

In step S14, the CPU displays the image quality adjustment
window 500. The CPU then accepts setting for an instruction
from the user to select a type of fixed pattern or an instruction
to change a scroll speed or direction. At this time, the CPU
sets the following tone values in the regions D of six sample
images (a) to (f) on the selection window 400:

(a): (R, G, B)=(190, 190, 190)

(b): (R, G, B)=(170, 170, 170)

(©): (R, G, B)=(150, 150, 150)

@): (R, G, B)=(130, 130, 130)

(e): (R, G, B)=(110, 110, 110)

®: R, G, B)=(90, 90, 90)

In step S15, the CPU determines whether the user has
issued an instruction to select a sample image. That is, the
CPU determines whether an instruction to select a sample
image most similar to the scroll pattern 300 is accepted from
the user via the operation unit 106. If the user has issued an
instruction to select, the process returns to step S13 to change
the tone values of the six patterns (a) to (f) such that they
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change in increments smaller than those set previously. If the
user has not issued such an instruction, the process advances
to step S16.

If, for example, an instruction to select the sample image
corresponding to pattern (d), it suffices to set tone values as
follows, with tone value (R, G, B)=(130, 130, 130) of (d)
being a central tone value, as shown in FIG. 6:

(a): (R, G, B)=(140, 140, 140)

(b): (R, G, B)=(135, 135, 135)

(©): (R, G, B)=(130, 130, 130)

(@): (R, G, B)=(125, 125, 125)

(e): (R, G, B)=(120, 120, 120)

®: (R, G,B)=(115, 115, 115)

The CPU then accepts an instruction to select a sample image
again. The following description is based on the assumption
that the CPU has accepted an instruction to select the sample
image indicated by (e) in FIG. 6. That is, the coloring degree
ofthe scroll pattern 300 is determined as (R, G, B)=(120, 120,
120).

In step S16, the CPU determines whether the user has
issued an instruction to determine image quality adjustment.
More specifically, the CPU determines whether the user has
pressed the “decision” button on the image quality adjust-
ment window 500. If the user has issued an instruction to
determine image quality determination, the sample image
generating unit 103 transmits a determined tone value to the
OD driving adjustment unit 102. The OD driving adjustment
unit 102 changes (updates) the adjustment value for overdrive
driving based on the transmitted tone value.

When the adjustment value for overdrive driving is
changed (updated), overdrive driving based on the new
adjustment value is performed, and the result is reflected in
the scroll pattern 300. If the user has not issued an instruction
to determine image quality adjustment, the process advances
to step S17.

Note that the OD driving adjustment unit 102 adjusts a
correction amount for overdrive driving based on the follow-
ing equation:

a'="+k(I,~P)

where

1,,: the tone value of the current frame

I,,.,: the tone value of the immediately preceding frame

o a correction amount for overdrive driving which is cal-
culated from a combination of I, and I, , (o includes positive/
negative sign information. If I, ,>I,, a=0. If I, | =1, a=0.)

P: a tone value (0=P=255) to be sent from the sample
image generating unit 103 to the OD driving adjustment unit
102

a': a correction amount for overdrive driving after adjust-
ment

k: a coeflicient equal to or larger than 0
Note that the above equation can be applied to each of R, G,
and B as a plurality of reference colors. In this case, the
correction amount o also has a correction amount unique to
each of R, G, and B. The coefficient k may be a fixed value or
may be held in advance in the form of a table in correspon-
dence with each tone value combination.

Note that the manner of deriving o' is not limited to the
above equation, and it suffices to use an arbitrary technique as
long as it compensates for overcorrection/undercorrection
based on the information (tone value) transmitted from the
sample image generating unit 103 to the OD driving adjust-
ment unit 102. For example, a correction amount can be
adjusted by

a'=a+ok(l,-P)
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In step S17, the CPU determines whether the user has
issued an instruction to finish image quality adjustment. More
specifically, the CPU determines whether the user has pressed
the “finish” button on the image quality adjustment window
500. If the user has issued an instruction to finish image
quality adjustment, the process advances to step S18. Other-
wise, the process returns to step S15.

In step S18, the CPU turns off the display of the image
quality adjustment window and terminates the image quality
adjustment function.

As described above, the liquid crystal display device
according to the first embodiment allows the user to easily set
a correction amount in overdrive driving of the liquid crystal
display device. That is, the user is only required to select a
sample image similar to the scroll pattern 300 displayed on
the image quality adjustment window 500. The liquid crystal
display device can uniquely determine a current display state
based on the sample image selected by the user. This makes it
possible to set a more suitable correction amount for over-
drive driving more accurately.

Note that it suffices to change, based on the difference
value between correction amounts before and after adjust-
ment, a correction amount based on a combination of other
tones in the OD driving adjustment unit 102. In addition, this
device may be configured to set a table for user adjustment in
a rewritable nonvolatile memory such as a flash memory.

Second Embodiment

A liquid crystal display device will be exemplarily
described below as the second embodiment of the display
control apparatus according to the present invention. The
second embodiment will exemplify a case in which a correc-
tion amount for overdrive driving is adjusted by transmitting
a tone value to an OD driving adjustment unit 102 at the
timing when a user issues a selection instruction. Note that the
device arrangement is the same as that of the first embodi-
ment, and hence a repetitive description will be omitted.

<Operation of Device>

FIG. 8 is a flowchart showing an image quality adjustment
sequence in the liquid crystal display device according to the
second embodiment. Note that the following sequence is
executed by causing a CPU (not shown) of the liquid crystal
display device to execute the image quality adjustment pro-
gram. Note that the processing from step S21 to step S24 is the
same as that from step S11 to step S14 in the first embodi-
ment.

In step S25, the CPU determines whether the user has
issued an instruction to select a sample image. That is, the
CPU determines whether the selection of a sample image
most similar to a scroll pattern 300 is accepted from the user
via an operation unit 106. If the user has issued an instruction
to select, a sample image generating unit 103 transmits the
selected tone value to the OD driving adjustment unit 102.
The OD driving adjustment unit 102 changes (updates) the
adjustment value for overdrive driving based on the transmit-
ted tone value. If the user has not issued any selection instruc-
tion, the CPU determines whether an instruction to finish
image quality adjustment is received (step S26). If the user
has issued an instruction to finish image quality adjustment,
the CPU terminates image quality adjustment processing
(step S27).

As described above, the liquid crystal display device
according to the second embodiment allows the user to easily
set a correction amount in overdrive driving of the liquid
crystal display device as in the first embodiment. Selecting a
sample image will sequentially update an adjustment value
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for overdrive driving. This operation is then reflected in a
scroll pattern to be displayed. This allows the user to accu-
rately select a sample image most similar to the scroll pattern
300.

(Modification 1)

Modification 1 exemplifies a case in which a chromatic
sample image is generated instead of the sample image
described in the first embodiment.

It suffices to set, as sample images to be displayed on a
selection window 400 included in an image quality adjust-
ment window 500, for example,

(a): (R, G, B)=(180, 140, 140)

(b): (R, G, B)=(150, 170, 150)

(a) apattern colored in red or the like and (b) a pattern colored
in green or the like. In this case, if the pattern (a) is selected,
the CPU determines, based on the degree of coloring, that the
scroll pattern 300 is reddish. It therefore suffices to prepare
six types of patterns to be displayed next on the updated
selection window 400 by changing only the tone value of R
without changing the tone values of G and B.

(Modification 2)

In modification 2, an adjustment slider is provided for the
image quality adjustment window 500 to allow the user to
directly change an adjustment amount in the OD driving
adjustment unit 102. Since the arrangement and operation of
this device are almost the same as those in the first embodi-
ment, a repetitive description will be omitted.

FIG. 9 is a view showing an adjustment slider 900 included
in an image quality adjustment window on a liquid crystal
display device according to modification 2.

The adjustment slider 900 is a Ul for allowing the user to
directly adjust each of correction values for red, green, and
blue. After, for example, adjustment is performed by the
processing sequences in the first and second embodiments,
the correction amount is finely adjusted via the adjustment
slider 900. This makes it possible to adjust the correction
amount with higher accuracy.

(Modification 3)

In modification 3, an adjustment slider is provided for the
image quality adjustment window 500 to allow the user to
directly change an adjustment amount in the OD driving
adjustment unit 102. Since the arrangement and operation of
this device are almost the same as those in the first embodi-
ment, a repetitive description will be omitted.

The adjustment slider 900 is a UI on the image quality
adjustment window 500 for allowing the user to directly
adjust each of correction values for red, green, and blue. One
sample image is displayed on the selection window 400 of the
image quality adjustment window 500. Note that the tone
value of the region D is dynamically changed by operating the
adjustment slider 900.

That is, the user operates the adjustment slider 900 to make
sample image coloring equal to coloring of the scroll pattern
300. Upon determining that the coloring degrees become
equal, the user issues an instruction to determine image qual-
ity adjustment. Upon receiving an instruction to determine
image quality adjustment, the OD driving adjustment unit
102 adjusts a correction amount for overdrive driving based
on the tone value set by the user and the equation described in
the first embodiment.

Forming such a Ul makes it possible to apply the present
invention to a case in which it is difficult to display a plurality
of patterns on the selection window 400 because the display
window is small.

Other Embodiments

Although the embodiments of the present invention have
been described in detail above, the present invention can be
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applied to a system including a plurality of devices, or to an
apparatus including a single device.

Note that the present invention can also be implemented by
acquiring programs which implement the functions of the
above embodiments via a network or a various kinds of stor-
age media and causing a processor such as a computer to
execute the programs.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2008-140035, filed May 28, 2008, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. A display control apparatus which determines a driving
parameter for overdrive of a liquid crystal display device, the
apparatus comprising:

a first display unit which repeatedly scrolls, in one direc-
tion, a preset reference pattern image in a first region of
the liquid crystal display device;

asecond display unit which statically displays, in a second
region of the liquid crystal display device, a plurality of
sample images each having a shape identical to the shape
of the reference pattern image and having pseudo-after-
image regions at end portions in a direction of the scroll-
ing, wherein brightness values of each pseudo-afterim-
age region are different from each other within a first
predetermined brightness values range;

a selection acceptance unit which accepts selection of one
sample image of the plurality of sample images stati-
cally displayed in the second region from a user; and

a determination unit which determines the driving param-
eter for overdrive based on a difference between a pixel
value of the pseudo-afterimage region of a selected
sample image and a pixel value of a region correspond-
ing to the pseudo-afterimage region of the reference
pattern image,

wherein, responsive to the selection acceptance unit
accepting selection of one sample image, the second
display unit statically displays a plurality of sample
images each having a shape identical to the shape of the
reference pattern image and having pseudo-afterimage
regions at end portions in a direction of the scrolling,
wherein brightness values of each pseudo-afterimage
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regions are different from each other within a second
predetermined brightness values range that is narrower
than the first predetermined brightness values range.

2. The apparatus according to claim 1, wherein the pseudo-
afterimage region of the sample image is a region whose pixel
value differs between a current display frame, which is
scrolled by the first display unit, and an immediately preced-
ing display frame.

3. The apparatus according to claim 1, wherein said deter-
mination unit independently determines the driving param-
eter for overdrive for each of a plurality of reference colors.

4. A method of determining a driving parameter for over-
drive of a liquid crystal display device, the method compris-
ing:

a first display step of repeatedly scrolling, in one direction,

a preset reference pattern image in a first region of the
liquid crystal display device;

a second display step of statically displaying, in a second
region of the liquid crystal display device, a plurality of
sample images each having a shape identical to the shape
of the reference pattern image and sample images having
pseudo-afterimage regions at end portions in a direction
of the scrolling, wherein brightness values of each
pseudo-afterimage region are different from each other
within a first predetermined brightness values range;

a selection acceptance step of accepting selection of one
sample image of the plurality of sample images stati-
cally displayed in the second region from a user; and

a determination step of determining the driving parameter
for overdrive based on a difference between a pixel value
of the pseudo-afterimage region of a selected sample
image and a pixel value of a region corresponding to the
pseudo-afterimage region of the reference pattern
image; and

responsive to acceptance of a selection of one sample
image in the selection acceptance step, a third display
step of statically displaying a plurality of sample images,
in substitution of the plurality of sample images dis-
played by the second display step, each having a shape
identical to the shape of the reference pattern image and
having pseudo-afterimage regions at brightness values
of end portions in a direction of the scrolling, wherein
brightness values of each pseudo-afterimage region are
different from each other within a second predetermined
brightness values range that is narrower than the first
predetermined brightness values range.

#* * #* ok %
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