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7) ABSTRACT

A driving system of the present invention for use in a
displaying device is provided with a pseudo bit-depth exten-
sion section. In the pseudo bit-depth extension section, a
noise pattern is added to upper-n-bit data of an input signal
DO in m-bit, where (i) m is an integer of 9 or greater, and (ii)
n is an integer of 8 or greater, but less than m. Then,
upper-n-bit of data D1 thus obtained from the DO is output-
ted, as output data D2, from the pseudo bit-depth extension
section. The driving system is further provided with an
overshoot-driving section for carrying out an overshoot-
driving with respect to each of pixels. A noise amount of the
noise pattern is 1 or less in 8-bit data, and a calculation in
the overshoot-driving section is carried out with n-bit data.
With this driving system which adopts a combination of (a)
a overshoot-driving method for enforcing liquid crystal to
respond at a high speed, and (b) a bit-depth extension
technology in which a number of grayscales is increased by
adding noise, it is possible to provide, at a low cost, a
high-definition displaying device such as a liquid crystal

GD Int. CL7 e G11C 500 display, having a high-response-characteristics and a high
(532) US. Cl e 365/189.05 quality of grayscale reproduction.
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FIG. 14 (a)
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FIG. 14 (b)
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FIG. 15 (a)

SCROLLING DIRECTION
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FIG. 15 (b)

AFTER SCROLLING
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FIG. 17
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FIG. 18
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FIG. 22
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DRIVING SYSTEM FOR DISPLAY DEVICE

[0001] This Nonprovisional application claims priority
under 35 U.S.C. § 119(a) on patent application No. 2004/
52301 filed in Japan on Feb. 26, 2004, the entire contents of
which are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a driving system
for use in a display device, such as a liquid crystal display
device carrying out image display with a liquid crystal
display panel, and relates particularly to a driving system
which improves display quality of the display device.

BACKGROUND OF THE INVENTION

[0003] A flat panel display (FPD) serving as a display
device has been remarkably advancing in recent years, and
various forms of the FPD are superseding the CRT (Cathode
Ray Tube) monitors. While the CRT monitor requires a large
depthwise dimension, and occupies a large space for setting
it up, the FPD can be built thin with significantly reduced
depthwise dimension. This allows the FPD to be set up in a
space smaller than the space needed for the CRT monitor.
Among the various forms of the FPD, a liquid crystal display
device (Hereinafter referred to as LCD), in particular, is a
forerunning form of the FPD, and remarkable advancement
in LCD technology has caused diverse uses of the LCD in
various scenes of everyday life, thus attracting more atten-
tion to a further advancement of the LCD technology.

[0004] However, there still remain some unigonorable
weaknesses in the LCD yet to be overcome: for example, a
response speed and a quality of image reproduction. In order
to improve these weaknesses, two technologies are intro-
duced to the LCD.

[0005] One of the technologies is called overshoot-driving
in which the response speed of liquid crystal (Hereinafter
referred to as LC) is compulsively accelerated by applying
a greater potential difference to the LC than the general
potential difference required for switching L.C. Patent docu-
ment 1 discloses a liquid crystal drive circuit adopting such
a overshoot-driving.

[0006] Another one of the technologies is called pseudo
bit-depth extension, such as dithering, in which a noise
pattern is added to increase the level of grayscales. For
example, in a case where an LCD adopts an n-bit driver that
can handle n-bit data, the noise pattern is added to n-bit
grayscales data (2" grayscales (n is an integer)), so that an
improved vision seemingly having grayscales of m-bit data
(2™ grayscales (m is an integer and m>n) is obtained from
the n-bit data.

[0007] The cost of a LCD driver increases as it handles a
larger number of bits. In this view, the pseudo bit-depth
extension is an effective solution to realize a LCD capable
of displaying a larger number of visible grayscales, thus
achieving a high quality of the image reproduction, without
a cost increase of the driver. Patent document 2 discloses an
example of image display device and image processing
device thereof, adopting the pseudo bit-depth extension
technology.

[0008] Thus, with a combination of the overshoot-driving
technology and the pseudo bit-depth extension technology,

Sep. 1, 2005

it is possible to realize an LCD with a high response speed
and a high quality of the image reproduction.

[0009] As described above, the overshoot-driving boosts
signals, and the pseudo bit-depth extension technology adds
a noise. Here, when these technologies are combined in
order to realize an LCD with a high-response speed and a
high quality of the image reproduction, the two technologies
must be appropriately combined. In an LCD in which those
technologies are inadequately combined, the overshoot-
driving may boost noise as well, causing the LCD to output
noise-rich images.

[0010]

[0011] Japanese Patent No. 2708746 (registered on Oct.
17, 1997)

[0012]

[0013] Japanese Unexamined Patent Publication No.
2001-337667 (Tokukai 2001-337667; published on Dec. 7,
2001)

(Patent Document 1)

(Patent Document 2)

[0014] Inview of the foregoing problem, in a conventional
display device, the pseudo bit-depth extension has been
carried out after the overshoot-driving is performed. This,
however, requires a larger scale of circuit; therefore an
increase in the costs for the circuit becomes an inevitable
problem.

[0015] Firstly, the following provides a little more specific
explanation about the pseudo bit-depth extension. In the
pseudo bit-depth extension, a signal representing m-bit data
(where m>n) is inputted to the LCD from which n-bit data
is outputted. A periodical noise pattern is added, by using a
circuit, to the upper-n-bit data of the inputted m-bit data, and
n-bit data is outputted. This noise pattern, when averaging a
certain cycles of it, is generated so as to cause data to
become data in m-bit.

[0016] In short, by adding the noise pattern to the n-bit
data, the n-bit data to which the noise pattern is added
indicates pseudo-m-bit grayscales. Thus, in the pseudo bit-
depth extension, the m-bit data is inputted, and the n-bit data
is outputted. If the overshoot-driving is carried out in a
preceding stage of the pseudo bit-depth extension, the over-
shoot-driving has to be carried out with respect to the m-bit
data.

[0017] Next, the following is a little more specific expla-
nation on the operation of overshoot-driving. In the over-
shoot-driving, grayscale data of a first frame is compared
with grayscale data of a (1-1) frame. Based on a difference
in the respective grayscale data, an amount of data ampli-
fication is determined. Here, the (1-1) frame data is data of
a preceding frame created by buffering the input data into a
frame memory.

[0018] Accordingly, in the overshoot driving, an increase
in bit-depth of data requires a larger volume of memory. As
a result, the circuit scale needs to be enlarged, thereby
increasing the cost. When the overshoot-driving is per-
formed with respect to n-bit data, it simply requires an
overshoot-driving circuit with a frame memory enough for
storing the n-bit data. However, in the foregoing arrange-
ment, a pseudo bit-depth extension block is arranged in a
following stage of the overshoot-driving circuit; therefore, it
is required to handle m-bit data in the overshoot driving.
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[0019] As a result, the frame memory in the overshoot-
driving block is enlarged to handle the m-bit data, thus
causing the above-mentioned problem of cost rise. Further,
in the overshoot-driving, an overshooting parameter for
determining the amount of the data amplification is also
stored in the form of m-bit. Therefore, the volume of
memory for storing the overshooting parameter also
increases, thus causing the foregoing problem of cost rise.

SUMMARY OF THE INVENTION

[0020] The present invention is made in view of the
foregoing problems, and an object of the present invention
is to provide a driving method and a driving system therefor
which realize a display device such as an liquid crystal
display device with a high-response characteristics and high
quality image reproduction, without (i) distorting displayed
image, (ii) enlarging a scale of circuit, and (iif) increasing in
the cost.

[0021] In order to achieve the foregoing object, a driving
systemn (driving circuit) of the present invention, which is
capable of gradation display, the driving system for use in a
display device includes: (I) a pseudo bit-depth extension
block for increasing visible gradation levels by (i) adding a
noise pattern to upper-8-bits of input m-bit data (m being an
integer not less than 9), and (ii) outputting as output data
upper-n-bit (n being an integer not less than 8 and less than
m) of data obtained by adding the noise pattern to the
upper-8 bits of the input m-bit data; (II) an overshoot-driving
block for performing overshoot-driving in display operation,
an amount of the noise pattern being not more than 1 in 8-bit
data, and the overshoot-driving block for performing calcu-
lation on 8-bit basis. “The noise not greater than 1 in 8 bits
data” refers to varying gradation level by a noise in an
amount of 1 or less.

[0022] The foregoing arrangement (I) adopts a displaying
device that outputs n-bit data where n is not less than 8, (II)
minimizes a noise amount (1 or less) added to data in pseudo
bit-depth extension, and (IIT) carries out overshoot-driving
process consistently with 8-bit data. With this arrangement,
for both algorisms :(a) the pseudo bit-depth extension is
performed before the overshoot-driving, or (b) the over-
shoot-driving is performed before the pseudo bit-extension;
the same effect can be obtained with the same scale of
circuit.

[0023] Thus, the foregoing arrangement realizes high-
quality image reproduction that is achieved by the over-
shoot-driving and the high-speed response obtained by the
pseudo bit-depth extension. At the same time, the arrange-
ment further achieves reduction in bit-number of data for use
in the overshoot-driving. Thus the arrangement prevents an
increase in the cost by an increase in memory amount and a
number of calculation processes, due to an increase in
bit-number of data.

[0024] Additional objects, features, and strengths of the
present invention will be made clear by the description
below. Further, the advantages of the present invention will
be evident from the following explanation in reference to the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG.1is a circuit block diagram showing Embodi-
ment 1 of a driving system in accordance with the present
invention.
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[0026] FIG. 2 is a circuit block diagram showing Embodi-
ment 2 of the driving system in accordance with the present
invention.

[0027] FIG. 3 is a circuit block diagram showing Embodi-
ment 3 of the driving system in accordance with the present
invention.

[0028] FIG. 4 is a circuit block diagram showing an
alternative form of Embodiment 3.

[0029] FIG. 5 is a circuit block diagram showing Embodi-
ment 4 of the driving system in accordance with the present
invention.

[0030] FIG. 6 is a circuit block diagram showing Embodi-
ment 5 of the driving system in accordance with the present
invention.

[0031] FIG. 7 is a circuit block diagram showing Embodi-
ment 6 of the driving system in accordance with the present
invention.

[0032] FIG. 8 s a circuit block diagram showing Embodi-
ment 7 of the driving system in accordance with the present
invention.

[0033] FIG. 9 is a circuit block diagram showing Embodi-
ment 8 of the driving system in accordance with the present
invention.

[0034] FIG. 10 is a circuit block diagram showing
Embodiment 9 of the driving system in accordance with the
present invention.

[0035] FIG. 11 is a circuit block diagram showing
Embodiment 10 of the driving system in accordance with the
present invention.

[0036] FIG. 12 is a circuit block diagram showing
Embodiment 11 of the driving system in accordance with the
present invention.

[0037] FIG. 13 is a circuit block diagram showing
Embodiment 12 of the driving system in accordance with the
present invention.

[0038] FIG. 14 (a) is a table of an oblique gradation for
8-bit data, and FIG. 14(b) is a table of an oblique gradation
for 10-bit data obtained through a pseudo bit-depth exten-
sion with respect to the 8-bit oblique gradation shown in
FIG. 14(a). The all values of this 10-bit oblique gradation
are expressed based on 8-bits.

[0039] FIGS. 15(a) and 15(b) respectively show before
and after the scrolling in the upper left direction of the

oblique gradation with the pseudo bit-depth extension, as
shown in FIG. 14(b).

[0040] FIG. 16(a) shows tables respectively showing an
original gradation, a noise pattern added to the original
gradation, and the resulting gradation by addition of the
noise pattern. FIG. 16(b) shows the tables shown in FIG.
16(x) after the gradation is scrolled as in the case with FIG.
15, and also shows an error caused by the scrolling of the
gradation.

[0041] FIG. 17 shows samples of gradations used for
evaluation in image reproduction quality of the driving
system in accordance with the present invention. FIG. 17(a)
is an original gradation, FIG. 17(b) is a gradation according
to a first comparative example, FIG. 17(c) is a gradation



US 2005/0190610 A1

according to Embodiment 1 of the present invention, and
FIG. 17(d) is a gradation according to Embodiment 2 of the
present invention.

[0042] FIG. 18 is a graph according to the embodiments
of the present invention, showing changes in grayscale of
each color through an independent y-processing that is
performed after a pseudo bit-depth extension process.

[0043] FIG. 19 is a graph of a second comparative
example, showing changes in grayscale of each color
through the independent y-processing when the pseudo
bit-depth extension process is not performed therebefore.

[0044] FIG. 20 is a circuit-block diagram showing as the
first comparative example a real 8-bit driving system having
an independent y-processing function.

[0045] FIG. 21 is a circuit-block diagram showing as the
second comparative example a driving system having no
grayscale cutting function.

[0046] FIG. 22 is a graph showing distribution of
response speed in a driving system of the present invention
having the grayscale cutting function.

[0047] FIG. 23 is a graph showing distribution of
response speed in a driving system of the second compara-
tive example having no grayscale cutting function.

DESCRIPTION OF THE EMBODIMENTS

[0048] The following describes embodiments of the
present invention with reference to FIG. 1 through FIG. 23.
However, the present invention is not limited to the follow-
ing embodiments. Further, each of the following embodi-
ments deals with a case where n-bit data, which is outputted
from a LCD (display device), is 8-bit data, and m-bit data
supplied to the LCD is 10-bit data.

[0049] The LCD includes (i) a display section (displaying
means: not shown) for displaying a full-color image accord-
ing to a video signal, and (ii) an image processing device for
processing the video signal according to display character-
istics of the display section. The display section includes a
LCD panel capable of color gradation display which
includes pixels, and corresponding color filters arranged in
a matrix-manner, and a source driver and a gate driver as
driving means for driving the LCD panel.

[0050] The video signal which has been processed by the
image processing device is supplied to the source driver.
Then, according to the input video signal, the source driver
applies a voltage to a source electrode line (not shown) of
the LCD panel.

[0051] In the meantime, the gate driver is supplied with a
sync signals (i.e. horizontal sync signal H and vertical sync
signal V), and applies a voltage corresponding to the input
sync signal to a gate electrode line (not shown) of the LCD
panel.

[0052] In order to subject the output video signal to
pseudo bit-depth extension, the image processing device
adopts an area-modulation method such as dither method, as
a grayscale reproduction method for full-color display. Note
that, the grayscale reproduction method may be other meth-
ods than the area-modulation method, such as an amplitude
modulation method, or a frame rate control method.
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[0053] Further, the image processing device performs
overshoot driving with respect to the video signal in order to
accelerate response speed of the display section. The over-
shoot driving is a method of instantaneously applying a
voltage higher than a standard voltage while the optical
response in the display section is occurring, so that the
optical response is accelerated.

Embodiment 1

[0054] FIG.1is a schematic diagram illustrating a driving
system according to Embodiment 1 of the present invention.
The driving system is provided in the foregoing image
processing device. The driving system has two circuit
blocks, a pseudo bit-depth extension section (pseudo bit-
depth extension block) 2 and an overshoot-driving section
(overshoot-driving block) 3.

[0055] The pseudo bit-depth extension section 2 is pro-
vided with a lower-2-bit separator 24 for dividing 10-bit data
into upper-8-bit data and the remaining bits, i.e., lower-2-bit
data. Further, the pseudo bit-depth extension section 2 is
provided with a noise generator 2b for generating a noise
pattern with a noise amount=1 or less based on the lower-
2-bit data. The noise with a noise amount of not greater than
1 refers to a small amount of noise causing a change of 1
grayscale level or less among 256 levels of grayscale of 8-bit
data.

[0056] The pseudo bit-depth extension section 2 also
includes a Look Up Table (Hereinafter referred to as LUT)
2¢. The LUT 2¢ is a memory for storing in advance different
noise patterns respectively corresponding to various types of
2-bit-data, as well as conversion rules for the noise patterns.
The pseudo bit-depth extension section 2 further includes an
adder 2d for adding the noise pattern to the upper 8-bit data.

[0057] The 10-bit data is supplied to the pseudo bit-depth
extension section 2, and the lower-2-bit-data separator 2a
converts the input 10-bit data into 8-bit data before the data
is outputted. Here, the optimum noise pattern is created in
the noise generator 2b with reference to the LUT 2¢, based
on (i) information of the lower-2 bits of the input 10-bit-data,
(ii) a local coordinate of the data when the display area is
divided into specific sized minute regions, and (iii) a value
of a frame counter (not shown) in the circuit. The noise
pattern is then outputted to the adder 2d. In the adder 2d, the
noise pattern in an amount of 1 or less is added to the
least-significant-bit of the upper-8-bit data outputted from
the lower-2-bit separator 24. A size of the minute region is
preferably, for example, 8 pixelsx8 pixelsxRGB. The frame
counter is reset every 8 frames, for example.

[0058] The 8-bit data from the pseudo bit-depth extension
section 2 is inputted to the overshoot-driving section 3. The
overshoot-driving section 3 carries out a calculation using
the entire 8-bit data. An overshooting parameter of the
overshoot-driving section 3 is 8-bit data, which is stored in
an LUT 3¢ in the overshoot-driving section 3.

[0059] The driving system preferably further includes an
independent y-processing section 1, having a function of
converting input 8-bit data into the 10-bit data before the
data is supplied to the following pseudo bit-depth extension
section 2 and the overshoot-driving section 3. The indepen-
dent y-processing section 1 includes (i) an independent
y-processing block 1a for converting 8-bit input grayscales
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into 10-bit data, and (ii) a grayscale cutting block 1c for
cutting off some of the grayscale levels of the converted
input signal, or for compressing the converted input signal
to a signal including a region not containing the grayscales.

[0060] The Orders in layout (orders in processing) of the
independent y-block 1a and the grayscale cutting block 1c
may be swapped according to the demands for the circuits.
Idealistically, the independent y-block 1 and the grayscale
cutting block 1c carry out their conversion operations with
calculations. However, to allow individual adjustment for
each model, conversion rules of the independent y-block 1a
and the grayscale cutting block 1¢ are preferably stored in
LUTs 15 and 1d separately. Further, the independent y-pro-
cessing section 1 preferably includes the independent
y-blocks for each of R, G, and B for color display, allowing
separate processing for the respective colors.

[0061] As described, in a signal processing of the first
embodiment, for example, a signal representing the inputted
8-bit data is first inputted to the independent y-processing
block 1a. The 8-bit data is then extended to the 10-bit data
whose grayscale ranges from a 1st grayscale to a 1024th
grayscale. Then, the 10-bit data is compressed to a signal
whose grayscale ranges from a 32nd grayscale to a 992nd
grayscale in the grayscale cutting block 1c before outputted.
As described, the 10-bit data obtained after the y-processing
and the compression is outputted from the independent
y-processing section 1 as a 10-bit data signal. This 10-bit
data signal is then sent to the pseudo bit-depth extension
section 2.

[0062] In the pseudo bit-depth extension section 2, the
input 10-bit data signal inputted is converted into an 8-bit
data signal whose grayscale ranges from an 8th to a 248th
grayscales. This 8-bit data signal is outputted, with the
optimum noise pattern added thereto, from the pseudo
bit-depth extension section 2, as 8-bit-data representing
10-bit information. The noise pattern is generated by the
noise generator 2b, based on the conversion rules previously
stored in the LUT 2¢, with a noise amount not more than 1.

[0063] This 8-bit data is supplied to the overshoot-driving
section 3. In the overshoot-driving section 3, the entire 8-bit
data is stored in a frame memory 3a, and is also supplied to
an overshoot-calculation block 3b. The overshoot-calcula-
tion block 3b executes an overshoot-calculation based on ()
the input 8-bit data, (b) 8-bit data of a previous frame, and
(c) the overshooting-parameter read out from the LUT 3c,
and outputs the resulting data.

[0064] This data resulted from the overshoot-calculation,
having also been through the pseudo bit-depth extension, is
applied to the LCD, so that the data is displayed as a
high-quality image with high-speed response and a large
number of grayscales.

Embodiment 2

[0065] FIG. 2 is a schematic diagram illustrating a driving
system according to Embodiment 2 of the present invention,
provided in a liquid crystal display. The driving system of
the embodiment 2 includes an independent y-processing
section 1, an overshoot-driving section 31 (instead of an
overshoot-driving section 3 in Embodiment 1), and a pseudo
bit-depth extension section 2, each of the sections being
connected in this order.
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[0066] The overshoot-driving section 31 is supplied with
10-bit data, and divides the data into upper-8-bit data and
lower-2-bit data by a lower-2-bit separator 3d. Then, the
upper-8-bit data is subjected to the foregoing calculation as
described in Embodiment 1. An overshooting parameter is
8-bit data, which is stored in an LUT 3¢ in the overshoot-
driving section 31.

[0067] The lower-2-bit data passes through the overshoot-
driving section 31 without being processed. Then, in a
lower-2-bit combining block 3e, the lower-2-bit data is
added to and combined with the upper-8-bit data having
been through the calculation. As a result, 10-bit data is
outputted from the overshoot-driving section 31.

[0068] The 10-bit data from the overshoot-driving section
31 is supplied to the pseudo bit-depth extension section 2,
and is outputted as 8-bit data. Here, a noise pattern whose
noise amount is 1 or less is added to the least significant-bit
of the output 8-bit data, in accordance with (i) information
of the lower-2-bit of the input 10-bit data, (ii) a local
coordinate of the data when the display area is divided into
specific sized minute regions, and (iii) a value of the frame
counter of the circuit.

[0069] The size of a minute region is 8 pixelsx8 pixelsx
RGB, and the frame counter is reset every 8 frames. The
driving system preferably further includes an independent
y-processing section 1, having a function of converting input
8-bit data into the 10-bit data before the data is supplied to
the following pseudo bit-depth extension section 2 and the
overshoot-driving section 3. The independent y-processing
section 1 includes (i) an independent y-processing block 1a
for converting 8-bit input grayscales into 10-bit data, and (i)
a grayscale cutting block 1c for cutting off some of the
grayscale levels of the converted input signal, or for com-
pressing the converted input signal to a signal including a
region not containing the grayscales.

[0070] The Orders in layout (orders in processing) of the
independent y-block 1a and the grayscale cutting block 1c
may be swapped according to the demands for the circuits.
Idealistically, the independent y-block 1 and the grayscale
cutting block 1c carry out their conversion operations with
calculations. However, to allow individual adjustment for
each model, conversion rules of the independent y-block 1a
and the grayscale cutting block 1¢ are preferably stored in
LUTs 1) and 14 separately.

[0071] As described, in a signal processing of the first
embodiment, for example, a signal representing the inputted
8-bit data is first inputted to the independent y-processing
section 1. The 8-bit data is then extended to the 10-bit data.
Then, in the grayscale cutting block 1c, the 10-bit data is
compressed to a signal whose grayscale ranges from a 32nd
grayscale to a 992nd grayscale, and is outputted. As
described, the 10-bit data obtained after the y-processing and
the compression is outputted from the independent y-pro-
cessing section 1 as a 10-bit data signal. This 10-bit data
signal is then sent to the overshoot-driving section 31.

[0072] The overshoot-driving section 31 reads out the
overshooting-parameter from the LUT 3¢ according to the
upper-8-bit data of the input 10-bit data signal and the
processed 8-bit data and the lower-2-bit data of the input
10-bit data are combined together. The resulting data is then
outputted to the pseudo bit-depth extension section 2.
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[0073] In the pseudo bit-depth extension section 2, the
inputted 10-bit data signal is converted into an 8-bit data
signal whose grayscale ranges from an 8th to a 248th
grayscales. This 8-bit data signal is outputted, with the
optimum noise pattern added thereto. A noise pattern, whose
noise amount is 1 or less generated, from the pseudo
bit-depth extension section 2, as 8-bit-data representing
10-bit information. The noise pattern is generated, based on
the foregoing conversion rules, with a noise amount not
more than 1.

[0074] As described, in the foregoing Embodiments 1 and
2, the ultimate output is the 8-bit data signal that represents
information of 10-bit data. Accordingly, the driving system
described in Embodiment 1 or 2 is an 8-bit driving system
that is capable of reproduction based on 10-bit data.

[0075] The driving systems of the Embodiments 1 and 2
were respectively mounted in the LCDs, and the gradation
pattern shown in FIG. 17(a) was displayed in those systems.
This gradation pattern is reproduced from the 8-bit data
externally supplied to the LCDs. In this data, the upper-left
portion is vellow, the lower-right portion is blue, the lower-
left is a dark portion, and the upper-right portion is a bright
portion. The gradation itself show direct reflection of the
smoothness of y-curve. The L.CD used here is for HDTV
(High Definition Television), and performs display by a
dot-inversion driving method. For comparison, a similar
observation was conducted with respect to a real-8-bit data
driving system (first comparative example; see FIG. 20)
having no function of extending 8-bit-data to 10-bit data.

[0076] As aresult, as shown in FIG. 19, with the real-8-bit
data driving system, the displayed gradation was not as
smooth as the gradation shown in FIG. 17(b). This is
attributed to an irregular y-curve due to the independent
y-process. In the driving systems of the Embodiments 1 and
2 in which bit-number is extended to the 10-bit data, the
y-curve was as smooth as that of FIG. 18, even after the
independent y-process was carried out. Thus, as shown in
FIGS. 17(c¢) and (d), more natural gradations were obtained.
Note that, no difference was seen between the respective
displays according to Embodiments 1 and 2.

[0077] Next, the gradation pattern was scrolled to confirm
the effect of the present invention. The scrolling of the
gradation pattern causes the following phenomena, thereby
enhancing influence of the noise used in the pseudo bit-
depth extension. The influence of noise is first described
with a simple example.

[0078] First, the gradation pattern of 8-bit data shown in
FIG. 14(a) is converted into a gradation pattern of 10-bit
data shown in FIG. 14(b). For convenience, the gradation
values are expressed on the basis of 8-bit data. Then, the
gradation is scrolled towards the upper-left as shown in
FIGS. 15(a) and (). Here, if a gradation pattern of real
10-bit data is displayed, the scrolling does not cause any
problems in the quality of the reproduction. However, since
this gradation is obtained by converting 8-bit data into
pseudo 10-bit data through the pseudo bit-depth extension,
the following problems in image display occurs due to the
systemn in which the 8-bit data (i.e. base grayscales), and (b)
a noise pattern made of O or 1 having a time period are
combined.

[0079] As shown in FIGS. 16(z) and 16()), in a shaded
region, particularly in the region painted black, the noise
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pattern causes 2 levels change in gradation even though this
noise pattern is supposed to cause 1 level change. This is
attributed to the changes in base grayscales in noise pattern
caused by the scrolling. This phenomenon in these black
regions periodically appears regardless of the setting of
noise pattern, and therefore is observed as a stripe.

[0080] If the stripe is significant, it becomes a serious
problem in a LCD in which a high-performance is assured.
However, the stripe was barely noticeable in both Embodi-
ments 1 and 2. Thus, the high quality of the image repro-
duction was ensured. Further, the stripe was barely notice-
able in both Embodiments 1 and 2 with or without the
overshoot-driving process; therefore, both of Embodiments
1 and 2 ensure high display quality.

[0081] Further, another observation was conducted in
Embodiments 1 and 2, with a natural image. As a result, the
systems of Embodiments 1 and 2 both produced a smooth
y-curve even after the independent y-process was carried out,
without causing any color fading or degradation in tone,
thereby obtaining a high-quality image. Further, the influ-
ence of noise used in the pseudo bit-depth extension was not
seen in both Embodiments 1 and 2, and the qualities of the
images were substantially the same.

[0082] Here, for the systems according to Embodiments 1
and 2, an evaluation was carried out with respect to the
gradation pattern, by generating a noise whose noise
amount=2 by the pseudo bit-depth extension section 2. As a
result, in the system of Embodiment 2, the periodical noise
became significant when the gradation was scrolled. The
periodical noise was even more significant in the system of
Embodiment 1.

[0083] Further, in Embodiments 1 and 2, a size of a region
where the noise pattern is generated is changed to 2x2x
RGB, 4x4xRGB, 16x16xRGB, and 32x32xRGB, and a
similar evaluation was carried out by scrolling the gradation.
As a result, in the case of 2x2xRGB, the effect of the pseudo
bit-depth extension was not sufficient. Further, in the case of
32x32xRGB, the effects of the pseudo bit-depth extension
was sufficient, however a size of the circuit became exces-
sively large.

[0084] Further, another similar evaluation was carried out
in the system of Embodiments 1 and 2, by scrolling the
gradation using different periods of repeating the noise
patterns, every 4 frames, 8 frames, 16 frames, and 32 frames.

[0085] As a result, in the case where the noise patterns
were repeated every 4 frames, half of the noise patterns
disappeared when, for example, a pseudo-impulse driving
was carried out, thus failing to obtain sufficient effect of the
pseudo bit-depth extension. Half of the noise patterns also
disappeared for the noise patterns with a period of 8 frames
or greater when the pseudo-impulse driving was carried out;
however, the effect was sufficient in the remaining half.
Further, in the case where the noise patterns have a period
of 32 frames, sufficient effects of the pseudo bit-depth
extension was obtained; however the size of the circuit
became excessively large.

[0086] Here, the systems of Embodiments 1 and 2 both
require at least four LUTs including (a) an LUT for storing
signal conversion rules applied in the grayscale cutting
block, (b) an LUT for storing conversion rules applied in the
independent y-processing block, (¢) an LUT for storing
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conversion rules applied in the overshoot-driving block, and
(d) an LUT storing the noise patterns for the pseudo bit-
depth extension section 2. As a result, the required memory
amount for the circuit increases.

[0087] In view of the foregoing problem, the present
invention provides still another system in which some of the
LUTs are combined, so that the number of the LUTs is
reduced. Here, since the LUT provided in the pseudo bit-
depth extension section 2 has different characteristics from
those of the other LU, there is a difficulty in combining the
LUT with the others.

Embodiment 3

[0088] The foregoing system is described below as
Embodiment 3 of the present invention. As shown in FIGS.
3 and 4, the LUT 15 for the independent y-processing block
1a and the LUT 14 for the grayscale cutting block 1¢, each
of which provided in the independent y-processing section 1
of Embodiments 1 and 2, are combined with each other, and
the combined block is contained in an block le, together
with an LUT, which is a combined memory of the LUT 1b
and the LUT 1d. The block le is provided in a preceding
stage of the pseudo bit-depth extension section 2. This
arrangement requires only three LUTS, that is, one of the
LUTs is omitted.

Embodiment 4

[0089] Yet another system is described below as Embodi-
ment 4 of the present invention. As shown in FIG. §, in this
embodiment, there is provided an overshoot-driving section
32 that contains an overshoot-calculation block 3f and a
unified LUT 3g. The overshoot-calculation block 3f is a
combination of the independent y-processing section 1 and
the overshoot-driving section 31 of the second embodiment,
and therefore has (a) an overshoot-calculation function, (b)
an 8-bit-to-10-bit conversion function, and (c) a grayscale
cutting function. The unified LUT 3g is a combined LUT 3g
of the LUTs 3¢, 1b and 1d, and stores 10-bit data. Further,
the pseudo bit-depth extension section 2 is provided in a
following stage of the overshoot-driving section 32. This
arrangement requires only two LUTs.

[0090] Such combination of the LUT 3¢ of the overshoot-
calculation section 31 and the LUTs 1b and 1d of the
independent y-processing section 1 in the system of Embodi-
ment 1; and therefore, the layout of the combination is
difficult to realize in the system of Embodiment 1. Accord-
ingly, the arrangements of Embodiments 3 and 4 should be
selectively adopted in consideration of the arrangement of
circuit and the capacity of memory.

[0091] The driving systems according to Embodiments 1
through 4 of the present invention are respectively mounted
in separate LCDs, so as to display the gradation patterns
shown in FIG. 18, with a result that all of the systems
display natural gradation. Further, there is no difference in
display between those systems.

[0092] Further, an observation was carried out by scrolling
the gradation in each of the embodiments. As a result, in
spite of ON/OFF operations in the overshoot-driving pro-
cess, the influence of noise used in the pseudo bit-depth
extension was not seen in any of the embodiments.

[0093] Further, another observation was conducted in each
of the foregoing embodiment, with a natural image. As a
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result, the systems of the Embodiments all produced a
smooth y-curve even after the independent y-process was
carried out, without causing any color fading or degradation
in tone, thereby obtaining a high-quality image. Further, the
influence of noise used in the pseudo bit-depth extension
was not seen in any of the Embodiments, and the qualities
of the images were substantially the same.

[0094] Next, in each system of Embodiments 1 through 4,
response speed of the LCD was measured. The measurement
was carried out for both cases (a) performing the overshoot-
driving and (b) not performing the overshoot-driving. For
comparison, response speed was also measured for a driving
system in which the grayscale cutting block is omitted
(second comparative example; see FIG. 21). In this driving
system shown in FIG. 21, the independent y-processing
section 12 has no function of cutting the grayscales.

[0095] As a result, with the driving system shown in FIG.
21, the overshoot-driving did not make a significant
improvement in response speed in transition in the vicinity
of the Oth grayscale or in transition in the vicinity of the
255th grayscale. Accordingly, as shown in FIG. 23, the
response speed hardly changes with or without enforcement
of the overshoot driving in most of the regions including the
vicinity of the Oth and the vicinity of the 255th grayscale.
However, the overshoot-driving was effective for the
response speed in transition among intermediate grayscales,
and the response speed in those regions was significantly
increased compared to the response speed when the over-
shoot-driving was not performed.

[0096] On the other hand, the overshoot-driving was
effective for all ranges of grayscale in any of the systems of
Embodiments 1 through 4. This is because the grayscale
cutting block reserves a lower voltage region of the 0th
grayscale and an upper voltage region of the 255th grayscale
to use these regions for the overshoot-driving, thereby
ensuring the effect of overshoot-driving for all ranges of
grayscale. Thus, as shown in FIG. 22, the response speed
was accelerated by the overshoot-driving in all grayscale
transitions compared to the case where the overshoot-driv-
ing was not performed.

[0097] Next, in each of the systems of Embodiments 1
through 4, the quality of the image reproduction was evalu-
ated by varying the default setting of the y-value in the
respective displaying sections. However, the independent
y-processing sections 1 and 11 do not cause any changes in
the default setting of the y-value. In the evaluation, the
y-value was set to 2.0,2.2, 2.5, 2.8, 3.0, and 3.2 and image
quality for each value was evaluated.

[0098] As a result, black was insufficiently reproduced in
the case of y=2.0, and therefore the resulting image was not
up to standard. In the case of y=2.2, though the quality of
image was passable, black-sided grayscales were slightly
too bright because 8 levels of the black-sided grayscales
were cut off by the grayscale cutting block. This caused
deterioration in contrast of the image. In addition to this, the
black-sided grayscales were insufficiently expressed. In the
cases of g=2.5, 2.8, or 3.0, the quality of the displayed image
was well up to standard with sufficient reproduction of
black-sided grayscales and adequate brightness of the black-
sided grayscales. In the case where y=3.2, the brightness of
the black-sided grayscales were too dark, decreasing the
quality of image to an unallowable level. In all of the cases,
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the characteristics of y-values of the grayscale display
regions were smaller than the default y-value.

[0099] Next, in each of the systems of Embodiments 1
through 4, the quality of image reproduction was evaluated
with the foregoing y-value characteristics 2.5, 2.8, and 3.0
that ensured sufficient quality in the above evaluation.
Further, the y-value characteristics in the grayscale display
regions were set higher than the default y-value by the
independent y-processing sections 1 or 11. As a result,
superior reproduction was obtained for each y-value char-
acteristic, and the reproduction quality was increased after
y-correction was carried out by the independent y-processing
section 1 or 11.

[0100] The following describes specific arrangements of
the foregoing Embodiments 1 through 4 of the present
invention.

Embodiment 5

[0101] FIG. 6 shows a system according to Embodiment
5 of the present invention. The system includes an indepen-
dent y-processing section 12, a pseudo bit-depth extension
section 2, and an overshoot-driving section 3, each of which
are arranged in this order. In this system, the output of the
pseudo bit-depth extension section 2 is used as the previous
frame data for use in the overshoot-driving section 3, which
output is 8-bit data stored in the frame memory 3a.

Embodiment 6

[0102] FIG. 7 shows a system according to Embodiment
6 of the present invention. The system includes an indepen-
dent y-processing section 12, an overshoot-driving section
31, and a pseudo bit-depth extension section 2, each of
which are arranged in this order. In this system, input 8-bit
data for the independent y-processing section 12 is used as
the previous frame data for use in the overshoot-driving
section 31, and therefore the 8-bit data is stored in the frame
memory 3a before inputted to the independent y-processing
section 12.

Embodiment 7

[0103] FIG. 8 shows a system according to Embodiment
7 of the present invention. The system includes an indepen-
dent y-processing section 12, a pseudo bit-depth extension
section 2, and an overshoot-driving section 3, each of which
are arranged in this order. In this system, input 8-bit data for
the independent y-processing section 12 is used as the
previous frame data for use in the overshoot-driving section
3, and therefore the 8-bit data is stored in the frame memory
3a before inputted to the independent y-processing section
12.

Embodiment 8

[0104] FIG. 9 shows a system according to Embodiment
8 of the present invention. The system includes an indepen-
dent y-processing section 11 (grayscale cutting block
included), a pseudo bit-depth extension section 2, and an
overshoot-driving section 3, each of which are arranged in
this order. In this system, the output of the pseudo bit-depth
extension section 2 is used as the previous frame data for use
in the overshoot-driving section 3, which output is 8-bit data
stored in the frame memory 3a.
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Embodiment 9

[0105] FIG. 10 shows a system according to Embodiment
9 of the present invention. The system includes an indepen-
dent vy-processing section 12 (grayscale cutting block
included), an overshoot-driving section 31, and a pseudo
bit-depth extension section 2, each of which are arranged in
this order. In this system, input 8-bit data for the independent
y-processing section 12 is used as the previous frame data
for use in the overshoot-driving section 31, and therefore the
8-bit data is stored in the frame memory 3a before inputted
to the independent y-processing section 12 including a
grayscale cutting function.

Embodiment 10

[0106] FIG. 11 shows a system according to Embodiment
10 of the present invention. The system includes an a
grayscale cutting block 1¢, independent y-processing section
13, an overshoot-driving section 31, and a pseudo bit-depth
extension section 2, each of which are arranged in this order.
In this system, the 8-bit data from the grayscale cutting
block 1c is stored in the frame memory 3¢, and is used as the
previous frame data for use in the overshoot-driving section
31. In Embodiment 10, the grayscale cutting block 1c¢ and
the independent y-processing block 1a are not combined
with each other, and are arranged in a reversed order of the
arrangement of those in the foregoing Embodiment 1.

[0107] Accordingly, the system of Embodiment 10 is
preferably applied to a driving system with a sufficient
volume of memory, or a driving system using an overshoot-
driving section 32 of the foregoing Embodiment 4 in which
an overshoot-driving section and an independent y-process-
ing section are combined with each other.

Embodiment 11

[0108] FIG. 12 shows a system according to Embodiment
11 of the present invention. The system includes an inde-
pendent y-processing section 11 (grayscale cutting block
included), a pseudo bit-depth extension section 2, and an
overshoot-driving section 3, each of which are arranged in
this order. In this system, input 8-bit data for the independent
y-processing section 11 is used as the previous frame data for
use in the overshoot-driving section 3, and therefore the
8-bit data is stored in the frame memory 3a before inputted
to the independent y-processing section 11 including a
grayscale cutting function.

Embodiment 12

[0109] FIG. 13 shows a system according to Embodiment
12 of the present invention. The system includes an inde-
pendent y-processing section 13 (grayscale cutting block 1c¢
included), a pseudo bit-depth extension section 2, and an
overshoot-driving section 3, each of which are arranged in
this order. In this system, the output of the grayscale cutting
block 1c is used as the previous frame data for use in the
overshoot-driving section 3, which output is 8-bit data
stored in the frame memory 3a.

[0110] For each of the embodiments 5 through 12, the
same evaluation as that for Embodiments 1 through 4 was
performed, with a result that all of the systems of Embodi-
ments 5 through 12 ensured high-speed response and high
quality display.
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[0111] As described, various effects can be obtained by the
present invention.

[0112] First, the display device of the present invention
uses (A) an LCD that outputs n-bit data (n is an integer not
less than 8), and (B) a driving system having (i)a pseudo
bit-depth extension section 2 for carrying out n-bit conver-
sion by a pseudo bit-depth extension so as to convert m-bit
data (m is an integer greater than the n) into n-bit data,
and-(ii) an overshoot-driving block such as the overshoot-
driving section 3 or 31, wherein the amount of noise added
to data is minimized, and the overshoot-driving is always
performed with respect to 8-bit data. With this arrangement,
regardless of relative positions of the pseudo bit-depth
extension section 2 and the overshoot-driving section, a
display device ensuring high quality of image reproduction
and high-response-speed is realized without changing the
scale of circuit,

[0113] Further, the noise pattern generated in the pseudo
bit-depth extension section 2 is specified based on (i) a local
coordinate of a region whose size is 4x4xRGB, 8x8xRGB,
or 16x16xRGB, (ii) lower-bit of the m-bit data (i.e. (m-n)-
bit), (iil) a frame counter being reset every 8 frames or 16
frames. This keeps the noise pattern insignificant, thereby
realizing a display device capable of a wider range of visible
grayscales free from influence of noise.

[0114] Further, by providing the independent y-processing
block in a preceding stage of the pseudo bit-depth extension
section 2 and the overshoot-driving block, so as to convert
input data into m-bit data. This results in a smooth y-curve,
thereby realizing a display device with high reproduction
quality without color fading or degradation in tones.

[0115] Further, by placing the grayscale cutting block in a
preceding or a following stage of the pseudo bit-depth
extension section 2, the overshoot-driving effectively
improves the response speed in a transition to any of the
grayscales, including the transition to black or white, which
effect was not overcome by conventional devices, Thus, the
response speed in transition to any of the grayscales is
accelerated.

[0116] Further, an appropriate set of the grayscale cutting
block, independent y-processing block, and the overshoot-
driving block, each of which requires LUT, can be combined
together in consideration of their systems and the circuit
scale, thereby reducing the number of LUTs. Thus, it is
possible to provide, at a low cost, a display device with the
high quality of the image reproduction and a high response-
speed.

[0117] Itshould be noted that, all of the foregoing embodi-
ments deal with a case where the driving system of the
present invention is mounted to a LCD as a display device;
however, the present invention can be adopted to any
devices and any systems in which the pseudo bit-depth
extension and the overshoot-driving are performed.

[0118] In order to solve the foregoing problem, a driving
system (driving circuit) of the present invention for use in a
display device includes: (I) a pseudo bit-depth extension
block for increasing visible gradation levels by (i) adding a
noise pattern to upper-8-bits of input m-bit data (m being an
integer not less than 9), and (ii) outputting as output data
upper-n-bit (n being an integer not less than 8 and less than
m) of data obtained by adding the noise pattern to the
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upper-8 bits of the input m-bit data; (IT) an overshoot-driving
block for performing overshoot-driving in display operation,
an amount of the noise pattern being not more than 1 in 8-bit
data, and the overshoot-driving block for performing calcu-
lation on 8-bit basis.

[0119] The foregoing arrangement (I) adopts a displaying
device that outputs n-bit data where n is not less than 8, (I)
minimizes a noise amount (1 or less) added to data in pseudo
bit-depth extension, and (IIT) carries out overshoot-driving
process consistently with 8-bit data. With this arrangement,
for both algorisms: (a) the pseudo bit-depth extension is
performed before the overshoot-driving, or (b) the over-
shoot-driving is performed before the pseudo bit-extension;
the same effect can be obtained with the same scale of
circuit.

[0120] Here, the foregoing display device is limited to a
display device capable of outputting data of 8 or a larger
number of bits, on the grounds of the following facts.
Namely, in order to achieve high quality image reproduc-
tion, it is estimated that a display device needs to output at
least 8-bit data. That is, it is required that the display device
needs to be capable of reproducing at least 256 grayscales
(16.77 million colors). In this view, it is not reasonable or
feasible in the first place to realize high quality of the image
reproduction with a display device that fails to meet this
requirement.

[0121] Further, in terms of costs for a driver, it is not
currently preferable to adopt the present invention to a
display device capable of reproducing higher number of
grayscales. However, such a cost problem is expected to be
solved in the future. Thus it is the most effective to adopt the
present invention to a display device that outputs not less
than 8-bit data.

[0122] Further, in order to avoid mistakenly amplifying
noise incidental to the original image signal due to some
reason, when an amount of transition in grayscale is not
more than a predetermined amount, the overshoot-driving
process is not carried out, the predetermined amount being
a through-grayscale width.

[0123] A specific value of the through-grayscale width
varies depending on a purpose for which the displaying
device is designed. For example, in a case of display device
designed for HDTV, the through-grayscale width is set to
approximately 3 of 256 grayscales. Accordingly, if noise in
an amount of 1 or less of the 256 grayscales of the 8-bit data
(i.e. 1 grayscale or less) is generated in the pseudo bit-depth
extension process, it does not affect the overshoot-driving.
Therefore, it is possible to adopt the present invention to an
algorithm which carries out the overshoot-driving after the
pseudo bit-depth extension.

[0124] Further, although it is idealistic to carry out the
overshoot-driving with the same bit number as that of the
input data in a case of inputting n-bit data to the overshoot-
driving section, the inventors of the present invention have
found that, overshoot driving using 8-bit data provides
sufficient effect.

[0125] More specifically, the calculation in overshoot-
driving can be carried out with upper-8-bits of the input n-bit
data, allowing the lower-(n-8)-bit pass through the over-
shoot-driving section without being processed. This lower-
(n-8)-bit is later added to the 8-bit data resulted from the
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calculation. In this way, it is not necessary to carry out the
calculation of overshoot-driving with the n-bit, the cost rise
for circuit is prevented.

[0126] Further, although the low-(n-8)-bit is not subjected
to the overshoot-driving process, sufficient effects can be
obtained by carrying out the calculation of the overshoot-
driving process based on 8-bits. Thus, an influence of the
unprocessed low-(n-8)-bit to the displayed image is ignor-
able. This algorithm realizes a display device with a high-
response speed and high quality in image reproduction,
without a significant increase in cost.

[0127] Further, in the case where m-bit data is inputted to
the overshoot-driving section, the calculation of overshoot-
driving is carried out using upper-8-bits of the inputted m-bit
data, and the lower-(m-8)-bit passes through the overshoot-
driving section without being processed, and is added to
8-bit data resulted from the calculation. Since it is not
necessary to carry out the calculation of overshoot-driving
based on the entire m-bit, an increase in cost of the circuit
is prevented.

[0128] Although the lower-(m-8)-bit is not subjected to
the overshoot-driving, sufficient effects can be obtained by
carrying out the calculation of overshoot-driving based on
8-bits. Thus, an influence of the unprocessed lower-(n-8)-bit
to the displayed image is ignorable. This algorithm which
carries out the pseudo bit-depth extension after the over-
shoot-driving process is carried out realizes a display device
with a high-response speed and high quality in image
reproduction, without a significant increase in cost.

[0129] Further, the addition of noise amount of 1 (in terms
of 256 gradation levels) or less (more preferably less than 1),
can be performed according to, for example, a method
disclosed in Japanese Patent Application No. 2003-175251
(Tokugan 2003-175251). More specifically, the noise pattern
may be determined as follows. Namely, the display screen is
divided into appropriate-sized plural blocks, and then among
those blocks, it is decided whether or not to add 1 as noise
to the least significant-bit of the upper-8-bit of the inputted
m-bit data, in accordance with the lower-(m-n)-bit of the
m-bit data and a value of the frame counter.

[0130] Since the size of a block of the display screen is
determined based on a circuit, it is preferable to set the size
of the block in a unit of 2/ pixels (where j is an integer). Here,
if the size of the block is too small, it will make the effects
of the pseudo bit-depth extension insufficient; on the other
hand, if the size of the block is too large, it will cause an
increase in circuit scale, thus causing an increase in cost. It
was confirmed that the present invention is sufficiently
effective with a block whose size is 4x4xRGB, 8x8xRGB,
or 16x16xRGB. Accordingly, the value of J is preferably 2,
3, or 4.

[0131] Further, the frame counter is also determined
according to the circuit. Therefore, it is preferable to provide
2' frames (where 1 is an integer). If the number of frame
counter is too small, it will also make the effect of pseudo
bit-depth extension insufficient; on the other hand, if a time
period of the frame counter is too large, it will cause an
increase in circuit scale, thus causing an increase in cost. It
was confirmed that the present invention is most effective
when the frame counter is reset at a cycle of every 8 frames
or 16 frames.
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[0132] Further, the driving system of the present invention
may further include an independent y-processing block
provided in a preceding stage of the pseudo bit-depth
extension block and an overshoot-driving block, for respec-
tively converting R, G and B signals (input data) into m-bit
data.

[0133] An independent y-process is an effective method
for correcting colors. However, in the case of display device
whose input/output data is in 8-bits, the independent y-pro-
cess results in an irregular y-curve due to degradation in tone
or fading of gradation. However, with an independent y-pro-
cessing block having a function of extending input data to
m-bit data, such degradation in tone or fading of gradation
is prevented, thus obtaining a smooth y-curve.

[0134] The bit-depth of input signal varies depending on
the source signal of image, but the input signal is usually
6-bits or more. In the case where the input signal is m or a
larger-bits, information in the lower-bit of the input signal is
cut-off, and therefore, there is no effect in performing
bit-depth extension, thus the subject matter of the present
invention cannot be realized.

[0135] Further, the driving system of the present invention
may further include a grayscale cutting block in a preceding/
following stage of the independent y-processing block, for
cutting off a part of grayscales of an input grayscale signal,
or for compressing the converted input signal to a signal
including a region not containing the grayscales.

[0136] In a general overshoot-driving, an overshooting
parameter is determined within a range of the Oth to 255th
grayscales, though grayscales represented by a signal are
also ranged from the Oth to 255th grayscales. Therefore, the
overshoot-driving does not affect transition in the vicinity of
the Oth grayscale and transition in the vicinity of the 255th
grayscale. By providing the grayscale cutting block, the
range of grayscale represented by the input signal is reduced
to a range of, for example, the 8th to 248th grayscales, while
the overshooting parameter is determined within the range
of the Oth to 255th grayscales. Therefore, the overshoot-
driving becomes effective in transition between any of the
grayscales. It should be noted that the grayscale cutting
block may be omitted in the case where response speed of,
for example, liquid crystal is sufficiently high, and the
response speed in transition in the vicinity of the Oth
grayscale or in the vicinity of the 255th grayscale is suffi-
ciently high.

[0137] Further, it is more effective to use the grayscale
cutting block with the independent y-processing block. In
particular, by adjacently arranging the grayscale cutting
block and the independent y-processing block, it is possible
to combine grayscale conversion rules of the grayscale
cutting block with grayscale conversion rules of the inde-
pendent y-processing block as a single LUT. This reduces a
required amount of memory, thus preventing an increase in
circuit scale.

[0138] Further, the driving system of the present invention
having the overshoot-driving block, pseudo bit-depth exten-
sion block, independent y-processing block, and the gray-
scale cutting block may further include a look-up-table
containing a combination of a conversion rule applied in the
independent y-processing block and a conversion rule
applied in the grayscale cutting block.
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[0139] The overshoot-driving block, pseudo bit-depth
extension block, and the independent y-processing block
each requires an LUT for storing conversion rules, and a
memory for storing the LUT. Therefore, an enormous vol-
ume of memory is required for each block. This defect may
be avoided by combining the LUTs; however, the LUT for
the pseudo bit-depth extension block stores noise generation
patterns, and differs from the other LUTS.

[0140] For this reason, the LUT for the overshoot-driving
block and the LUT for the independent y-processing block
are combined as an unified LUT, thereby saving (i) the
memory, preventing (if) increases in circuit scale and cost.
However, the LUTs can only be combined in the case where
the overshoot-driving block is positioned in a preceding
stage of the pseudo bit-depth extension block. When these
blocks are arranged in the reverse order, there is a difficulty
in combining their LUTs.

[0141] Therefore, the driving system of the present inven-
tion having the overshoot-driving block, pseudo bit-depth
extension block, independent y-processing block, and the
grayscale cutting block may further include (I) a look-up-
table specifying conversion data for use in the independent
y-processing block; and (II) a look-up-table specifying an
overshooting parameter of the overshoot-driving block.

[0142] This arrangement is effective to the case where the
overshoot-driving block is positioned in a following stage of
the pseudo bit-depth extension block. However, if a suffi-
cient memory is available, the foregoing arrangement is also
effective when the overshoot-driving block is positioned in
preceding a stage of the pseudo bit-depth extension block.

[0143] The driving system of the present invention may be
adapted so that the overshoot-driving block outputs 8-bit
data resulted from overshoot-driving that is performed by
using a current frame data and a previous frame data, the
current frame data being 8-bit data processed in the pseudo
bit-depth extension block, and the previous frame data being
data which has been stored in a frame memory.

[0144] Further, the driving system of the present invention
may be adapted so that the overshoot-driving block outputs
8-bit data resulted from overshoot-driving that is performed
by using a current frame data and a previous frame data, the
current frame data being 8-bit data processed by (a) the
grayscale cutting block, the independent y-processing block,
and the pseudo bit-depth extension block in this order, or by
(b) the independent y-processing block, the grayscale cutting
block, and the pseudo bit-depth extension block in this order,
and the previous frame data being data which has been
stored in a frame memory.

[0145] The following describes specific details of the
driving system in accordance with the present invention, for
use in a displaying device. In a driving system (driving
method) of the present invention, (I) input data for produc-
ing grayscales is k-bit data, where k is an integer and
6=k<m (where m is an integer not less than 9); (II) when
k=7, 0 is added to lower-(8-K) bit of the input k-bit data,
and data obtained by adding 0 is stored in a frame memory;
(1) when k28, upper-8-bits of the k-bit data is stored in the
frame memory; (IV) the input k-bit-data is converted into
m-bit-data in an independent y-processing block; (V) over-
shoot-driving is carried out based on current frame data and
previous frame data wherein the current frame data is
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upper-8-bit data of the m-bit-data, and the previous frame
data is data stored in the frame memory; (VI) lower-(m-8)
bit data of the current frame data is added to data resulted
from the overshoot-driving so that m-bit overshoot-driving
data is created; and (VII) the m-bit overshoot-driving data is
processed in a pseudo bit-depth extension block, and is
outputted in the form of 8-bit data.

[0146] Further, in a driving system of the present inven-
tion, (I) input data for producing grayscales is k-bit data,
where k is an integer and 6=k<m (where m is an integer not
less than 9); (I) when k=7, 0 is added to lower-(8-K) bit of
the input k-bit data, and data obtained by adding O is stored
in a frame memory; (IIT) when k=28, upper-8-bits of the k-bit
data is stored in the frame memory; (IV) the input k-bit-data
is converted into 8-bit data by an independent y-processing
block and pseudo bit-depth extension block in this order; (V)
overshoot-driving is carried out based on current frame data
and previous frame data wherein the current frame data is
the 8-bit-data obtained through the independent y-processing
block and the pseudo bit-depth extension block, and the
previous frame data is data stored in the frame memory; (VI)
data resulted from the overshoot driving is outputted in the
form of 8-bit data.

[0147] Further, in a driving system of the present inven-
tion, (I) input data for producing grayscales is k-bit data,
where k is an integer and 6=k<m (where m is an integer not
less than 9); (II) when k=7, 0 is added to lower-(8-K) bit of
the input k-bit data, and data obtained by adding O is stored
in a frame memory; (III) when k=8, upper-8-bits of the k-bit
data is stored in the frame memory; (IV) the input k-bit-data
is converted into m-bit data by (i) a grayscale cutting block
and an independent y-processing block in this order, or (ii)
an independent y-processing block and a grayscale cutting
block in this order; (V) overshoot-driving is carried out
based on current frame data and previous frame data
wherein the current frame data is upper-8-bit-data of the
m-bit data, and the previous frame data is data stored in the
frame memory; (VI) lower-(m-8) bit data of the current
frame data is added to data resulted from the overshoot-
driving so that m-bit overshoot-driving data is created; and
(V) the m-bit data obtained by adding the lower-(m-8) bit
data is added is processed in a pseudo bit-depth extension
block, and is outputted in the form of 8-bit data.

[0148] Further, in a driving system of the present inven-
tion, (I) input data for producing grayscales is k-bit data,
where k is an integer and 6=k<m (where m is an integer not
less than 9); (IT) when k=7, 0 is added to lower-(8-K) bit of
the input k-bit data, and data obtained by adding O is stored
in a frame memory; (IIT) when k=28, upper-8-bits of the k-bit
data is stored in the frame memory; (IV) the input k-bit-data
is converted into m-bit-data in an independent y-processing
block; (V) overshoot-driving is carried out based on current
frame data and previous frame data wherein the current
frame data is upper-8-bit data of the m-bit, and the previous
frame data is data stored in the frame memory; (VI) lower-
(m-8) bit data of the current frame data is added to data
resulted from the overshoot-driving so that m-bit is created,
and (VII) the m-bit data to which the lower-(m-8) bit data is
added is processed in a pseudo bit-depth extension block,
and is outputted in the form of 8-bit data.

[0149] Further, in a driving system of the present inven-
tion, (I) input data for producing grayscales is k-bit data,
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where k is an integer and 6 Zk<m (where m is an integer not
less than 9); (IT) when k=7, 0 is added to lower-(8-K) bit of
the input k-bit data, and data obtained by adding O is stored
in a frame memory; (IIT) when k28, upper-8-bits of the k-bit
data is stored in the frame memory; (IV) the input k-bit data
is converted into 8-bit data by (i) a grayscale cutting block,
an independent y-processing block and a pseudo bit-depth
extension block in this order, or (ii) the independent y-pro-
cessing block, the grayscale cutting block, and the pseudo
bit-depth extension block in this order; (V) overshoot-
driving is carried out based on current frame data and
previous frame data wherein the current frame data is the
8-bit-data converted from the input k-bit data, and the
previous frame data is data stored in the frame memory; (VI)
data resulted from the overshoot driving is outputted in the
form of 8-bit data.

[0150] Further, in a driving system of the present inven-
tion, (I) input data for producing grayscales is k-bit data,
where k is an integer and 6 Sk<m (where m is an integer not
less than 9); (IT) when k=7, 0 is added to lower-(8-K) bit of
the input k-bit data, and data obtained by adding 0 is stored
in a frame memory; (III) when k28, upper-8-bits of the k-bit
data is stored in the frame memory; (IV) overshoot-driving
is carried out based on current frame data and previous
frame data wherein the current frame data is the 8-bit-data
obtained through the independent y-processing block and the
pseudo bit-depth extension block, and the previous frame
data is data stored in the frame memory; (V) data resulted
from the overshoot driving is outputted in the form of 8-bit
data.

[0151] Further, the foregoing eight driving systems may
be adapted so that a part of look-up-tables for use in
processes by the blocks, sequentially arranged without inter-
posing a memory, is used as a common look up table for all
of the blocks, so that the blocks form one conversion block.
Particularly, by using the unified look-up-table particularly
to the conversion block in which each of the blocks are
sequentially arranged without interposing a frame memory,
the number of LUTs is reduced.

[0152] Here, a default y-value of luminance property of
the displaying device to which the present invention is
adopted is not less than an output y-value whose value is
estimated based on an input signal. In general, in a video
signal including input data, it is assumed that the default
y-value for display of a display device is set to 2.2.

[0153] Accordingly, if the default y-value of the display
device used for the present invention is less than 2.2, it is
impossible to achieve desired quality in image reproduction.
On the contrary, by adopting the present invention to a
display device whose y-value is 2.2, grayscales are re-
allotted with respect to signal having been processed in the
independent y-processing block and the grayscale cutting
block on condition y=2.2. Since the grayscales are re-allotted
to 9 or larger bits data, overall grayscales are reproduced
smoothly without degradation in tone or fading of gradation.

[0154] Further, since the upper and the lower ranges of
voltage, that were supposed to be used for reproducing the
lost grayscales, that have been cut off by the grayscale
cutting block, can be used for overshoot-driving, it is
possible to realize a display capable of effectively carrying
out overshoot-driving. Accordingly, the present invention
realizes a display device in which y-value of 2.2 is more
accurately reflected, and response speed is accelerated.
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[0155] However, when the black-sided grayscales are cut
off, the luminance of black increases, thereby causing an
decreasing in contrast. In order to solve this problem, the
black-sided grayscales are intentionally degraded by setting
the y-value higher than 2.2, so as to overcome the brightness
of black-sided grayscales. Thus, it is preferable to set the
y-value of the displaying device to a large value. Further,
increasing the bit-number of input signal causes significant
improvement particularly in reproduction of black-sided
grayscales.

[0156] Accordingly, it is preferable to setting the y-value
of the display device to a large value, so as to improve the
effect of superior reproduction. Further, in the grayscale
cutting block, a signal representing the black-sided gray-
scales is also partially cut off, and therefore, it is an
indispensable objective to improve reproduction of black-
sided grayscales expressed by the cut off signal Therefore, it
is required to set the y-value to a large value in the display
device. However, if the y-value is excessively large, the
degradation of black-sided grayscales becomes too signifi-
cant. Thus, y-value is preferably set around 2.5 to 3.0.

[0157] Further, the independent y-processing block is
capable of changing the y-value through digital processing.
By cutting a part of black-sided grayscales and/or white-
based grayscales by the grayscale cutting block, the display
device automatically has a smaller y-value in the gradation
display region than the default value. Accordingly, in the
independent y-processing block, y-characteristic of the dis-
played grayscales are set higher than the default y-value, so
that the default y-value for the gradation display region is
maintained. Thus, the y-characteristic for grayscales outside
the gradation display region automatically becomes smaller
than the y-characteristic of the grayscales inside the grada-
tion display region.

EFFECTS OF THE INVENTION

[0158] A driving system of the present invention includes:
(D) a pseudo bit-depth extension block for increasing visible
gradation levels by (i) adding a noise pattern to upper-8-bits
of input m-bit data (m being an integer not less than 9), and
(i1) outputting as output data upper-n-bit (n being an integer
not less than 8 and less than m) of data obtained by adding
the noise pattern to the upper-8 bits of the input m-bit data;
(II) an overshoot-driving block for performing overshoot-
driving in display operation, an amount of the noise pattern
being not more than 1 in 8-bit data, and the overshoot-
driving block for performing calculation on 8-bit basis.

[0159] The foregoing arrangement (I) adopts a displaying
device that outputs n-bit data where n is not less than 8, (II)
minimizes a noise amount (1 or less) added to data in pseudo
bit-depth extension, and (IIT) carries out overshoot-driving
process consistently with 8-bit data. With this arrangement,
for both algorisms: (a) the pseudo bit-depth extension is
performed before the overshoot-driving, or (b) the over-
shoot-driving is performed before the pseudo bit-extension;
the same effect can be obtained with the same scale of
circuit.

[0160] Thus, the foregoing arrangement realizes high-
quality image reproduction that is achieved by the over-
shoot-driving and the high-speed response obtained by the
pseudo bit-depth extension. At the same time, the arrange-
ment further achieves reduction in bit-number of data for use
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in the overshoot-driving. Thus the arrangement prevents an
increase in the cost by an increase in memory amount and a
number of calculation processes, due to an increase in
bit-number of data.

INDUSTRIAL APPLICABILITY

[0161] A driving system of the present invention for use in
a display device achieves () improvement in image repro-
duction quality by carrying out pseudo bit-depth extension
and overshoot-driving, and (b) reduction in bit-number of
data used for the overshoot-driving process. In this way, an
increase in bit-number of data is prevented, thereby prevent-
ing an increase in cost for overshoot-driving. This driving
system is suitably adopted to a field of image reproduction
such as HDTV (high-definition television) that requires high
quality image reproduction.

[0162] The following explains differences between the
present invention and related prior arts, according to the
inventors of the present invention.

[0163] In a liquid crystal control circuit disclosed in
Japanese Patent No. 2708746, gradation data is written to a
frame memory that stores a frame of gradation data. Then,
when the written gradation data is larger than the stored data
according to the input gradation data, correction data for
enabling reproduction of target gradations of a following
frame is outputted. If the data is not larger than the stored
data, the input grayscale data is outputted as such.

[0164] The foregoing Japanese Patent No. 2708746, how-
ever, deals with only the overshoot-driving and does not
mention the pseudo bit-depth extension, which is one of
features of the present invention.

[0165] Japanese Patent No. 2650479 discloses a liquid
crystal control circuit in which output data is acquired by
calculation using a previous frame and the currently dis-
played frame, and the output values are continuously cor-
rected in this way also for the later frames. Unlike this
Japanese Patent No. 2650479, in the present invention, once
correction is made for one frame, the correction result will
not be subjected to another correction in the later frames.
Further, in the present invention, it is not necessary to
successively carry out correction in gradation. This is
because the present invention realizes more effective high-
speed driving by combining the overshoot-driving and the
pseudo bit-depth extension.

[0166] Japanese Unexamined Patent Publication No.
2001-337667 (Tokukai 2001-337667) discloses an image
processing device including (I) a first signal processing
circuit for converting an input digital signal, that is a n-bit
image signal (n is an integer), into a m-bit digital signal (m
is an integer and m>n), and (I) a second signal processing
circuit for adding noise to the signal so as to reduce a pseudo
contour caused by the conversion of the signal, and output-
ting a digital signal, obtained by cutting off the lower-bit
from the signal, to a display section.

[0167] Unlike the foregoing Tokukai 2001-337667, in the
present invention in which the overshoot-driving and the
pseudo bit-depth extension are combined, the noise amount
of the noise pattern used for the pseudo bit-depth extension
is set to a small value (1 or less in 8-bit data). Therefore, it
is not necessary to specify relative positions of the over-
shoot-driving block and the pseudo-bit-depth extension
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block. In contrast, Tokukai 2001-337667 does not at all
mention a specific noise amount. Further, in the arrangement
of this publication, it is required that the pseudo bit-depth
extension block is provided in a following stage of the
overshoot-driving block.

[0168] Lastly, Japanese Unexamined Patent Publication
No. 2002-116743 (Tokukai 2002-116743) discloses still
another driving method for a liquid crystal display device. In
this method, plural frame memories are provided for respec-
tively storing input signals for three frames, and forepast
image data is read out twice at a double-speed, while image
data is being written to one of the frame memory. Then, if
the input image data is greater than the forepast image data,
the liquid crystal display device is supplied with image data
having a data value larger than a target data value, and this
image data is supplied twice in a frame period.

[0169] Unlike the foregoing Tokukai 2002-116743, the
present invention uses a region generated by the pseudo
bit-depth extension, which region is not used for displaying
upper and/or lower grayscales. In this way, the present
invention achieves effective overshoot-driving with a dif-
ferent arrangement from that of the foregoing publication.

[0170] The embodiments and concrete examples of imple-
mentation discussed in the foregoing detailed explanation
serve solely to illustrate the technical details of the present
invention, which should not be narrowly interpreted within
the limits of such embodiments and concrete examples, but
rather may be applied in many variations within the spirit of
the present invention, provided such variations do not
exceed the scope of the patent claims set forth below.

1. A driving system, for use in a displaying device capable
of gradation display, comprising:

a pseudo bit-depth extension block for increasing visible
gradation levels by (i) adding a noise pattern to upper-
8-bits of input m-bit data (m being an integer not less
than 9), and (ii) outputting as output data upper-n-bit (n
being an integer not less than 8 and less than m) of data
obtained by adding the noise pattern to the upper-8 bits
of the input m-bit data;

an overshoot-driving block for performing overshoot-
driving in display operation,

an amount of the noise pattern being not more than 1 in
8-bit data, and

the overshoot-driving block for performing calculation on
8-bit basis.
2. The driving system as set forth in claim 1, wherein:

the pseudo bit-depth extension block is positioned in a
preceding stage of the overshoot-driving block; and

the overshoot-driving block performs the calculation
using upper-8-bit of input n-bit data of the overshoot-
driving block.

3. The driving system as set forth in claim 1, wherein:

the pseudo bit-depth extension block is positioned in a
following stage of the overshoot-driving block; and

the overshoot-driving block carries out the calculation
using upper-8-bit of input m-bit data to the overshoot-
driving block.
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4. The driving system as set forth in claim 1, further
comprising:

an independent y-processing block provided in a preced-
ing stage of the pseudo bit-depth extension block, for
respectively converting R, G and B signals into m-bit
data.
5. The driving system as set forth in claim 1, further
comprising;

an independent y-processing block provided in a preced-
ing stage of the overshoot-driving block, for respec-
tively converting R, G and B signals into m-bit data.

6. The driving system as set forth in claim 4, wherein:

the independent y-processing block is supplied with a
signal ranging from 6-bits to m-bits.
7. The driving system as set forth in claim 5, wherein:

the independent y-processing block is supplied with a
signal ranging from 6-bits to m-bits.
8. The driving system as set forth in claim 4, further
comprising:

a grayscale cutting block provided in a preceding stage of
the independent y-processing block, for cutting off a
part of grayscales of an input grayscale signal, or for
compressing the grayscales to a region where a part of
the grayscales is excluded.

9. The driving system as set forth in claim 4, further

comprising:

a grayscale cutting block provided in a following stage of
the independent y-processing block, for cutting or com-
pressing at least one of upper and/or lower grayscales
represented by a grayscale signal.

10. The driving system as set forth in claim 8, further

comprising:

a look-up-table containing a combination of a conversion

rule applied in the independent y-processing block and

a conversion rule applied in the grayscale cutting block.

11. The driving system as set forth in claim 9, further
comprising:

a look-up-table containing a combination of a conversion

rule applied in the independent y-processing block and

a conversion rule applied in the grayscale cutting block.

12. The driving system as set forth in claim 4, further
comprising:

a look-up-table containing a conversion rule determined
according to (i) conversion data used in the indepen-
dent y-processing block and (ii) an overshooting
parameter of the overshoot-driving block.

13. The driving system as set forth in claim 4, further

comprising:

a look-up-table specifying conversion data for use in the
independent y-processing block; and

a look-up-table specifying an overshooting parameter of

the overshoot-driving block.

14. The driving system as set forth in claim 1, wherein the
noise pattern is defined by a local coordination of a region
whose sized is 4x4xRGB, 8x8xRGB, or 16x16xRGB.

15. The driving system as set forth in claim 1, wherein the
noise pattern is defined by information contained in lower
(m-n)-bit data of the m-bit data, and a frame counter.
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16. The driving system as set forth in claim 1, wherein a
block of the noise pattern has a time period of 8 frames or
16 frames.

17. The driving system as set forth in claim 1, wherein:

the overshoot-driving block outputs 8-bit data resulted
from overshoot-driving that is performed by using a
current frame data and a previous frame, the current
frame data being 8-bit data processed in the pseudo
bit-depth extension block, and the previous frame being
data which has been stored in a frame memory.

18. The driving system as set forth in claim 8, wherein:

the overshoot-driving block outputs 8-bit data resulted
from overshoot-driving that is performed by using a
current frame data and a previous frame,

the current frame data being 8-bit data processed by (a)
the grayscale cutting block, the independent y-process-
ing block, and the pseudo bit-depth extension block in
this order, or by (b) the independent y-processing block,
the grayscale cutting block, and the pseudo bit-depth
extension block in this order, and

the previous frame data being data which has been stored
in a frame memory.
19. The driving system as set forth in claim 9, wherein:

the overshoot-driving block outputs 8-bit data resulted
from overshoot-driving that is performed by using a
current frame data and a previous frame,

the current frame data being 8-bit data processed by (a)
the grayscale cutting block, the independent y-process-
ing block, and the pseudo bit-depth extension block in
this order, or by (b) the independent y-processing block,
the grayscale cutting block, and the pseudo bit-depth
extension block in this order, and

the previous frame data being data which has been stored
in a frame memory.
20. A driving system for use in a displaying device
capable of gradation display with respect to each of pixels,
wherein:

input data for producing grayscales is k-bit data, where k
is an integer and 6 Zk<m (where m is an integer not less
than 9);

when k=7, 01is added to lower-(8-K) bit of the input k-bit
data, and data obtained by adding O is stored in a frame
memory;

when k=28, upper-8-bits of the k-bit data is stored in the
frame memory;

the input k-bit-data is converted into m-bit-data in an
independent y-processing block;

overshoot-driving is carried out based on current frame
data and previous frame data wherein the current frame
data is upper-8-bit data of the y-processing data, and the
previous frame data is data stored in the frame memory;

lower-(m-8) bit data of the current frame data is added to
data resulted from the overshoot-driving so that m-bit
overshoot-driving data is created; and

the m-bit overshoot-driving data is processed in a pseudo
bit-depth extension block, and is outputted in the form
of 8-bit data.
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21. A driving system for use in a displaying device
capable of gradation display with respect to each of pixels,
wherein:

input data for producing grayscales is k-bit data, where k

is an integer and 6 =k<m (where m is an integer not less
than 9);

when k=7, 01s added to lower-(8-K) bit of the input k-bit
data, and data obtained by adding 0 is stored in a frame
memory;

when k=8, upper-8-bits of the k-bit data is stored in the
frame memory;

the input k-bit-data is converted into 8-bit data by an
independent y-processing block and pseudo bit-depth
extension block in this order;

overshoot-driving is carried out based on current frame
data and previous frame data wherein the current frame
data is the 8-bit-data obtained through the independent
y-processing block and the pseudo bit-depth extension
block, and the previous frame data is data stored in the
frame memory;

data resulted from the overshoot driving is outputted in
the form of 8-bit data.
22. A driving system for use in a displaying device
capable of gradation display with respect to each of pixels,
wherein:

input data for producing grayscales is k-bit data, where k

is an integer and 6 =k<m (where m is an integer not less
than 9);

when k=7, 01s added to lower-(8-K) bit of the input k-bit
data, and data obtained by adding 0 is stored in a frame
memory;

when k=8, upper-8-bits of the k-bit data is stored in the
frame memory;

the input k-bit-data is converted into m-bit data by (i) a
grayscale cutting block and an independent y-process-
ing block in this order, or (ii) an independent y-pro-
cessing block and a grayscale cutting block in this
order;

overshoot-driving is carried out based on current frame
data and previous frame data wherein the current frame
data is upper-8-bit-data of the m-bit data, and the
previous frame data is data stored in the frame memory;

lower-(m-8) bit data of the current frame data is added to
data resulted from the overshoot-driving so that m-bit
overshoot-driving data is created; and

the m-bit data obtained by adding the lower-(m-8) bit data
is added is processed in a pseudo bit-depth extension
block, and is outputted in the form of 8-bit data.
23. A driving system for use in a displaying device
capable of gradation display with respect to each of pixels,
wherein;

input data for producing grayscales is k-bit data, where k

is an integer and 6 =k<m (where m is an integer not less
than 9);

when k=7, 01s added to lower-(8-K) bit of the input k-bit
data, and data obtained by adding 0 is stored in a frame
memory;
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when k28, upper-8-bits of the k-bit data is stored in the
frame memory;

the input k-bit-data is converted into m-bit-data in an
independent y-processing block;

overshoot-driving is carried out based on current frame
data and previous frame data wherein the current frame
data is upper-8-bit data of the m-bit y-processing data,
and the previous frame data is data stored in the frame
memory;

lower-(m-8) bit data of the current frame data is added to
data resulted from the overshoot-driving so that m-bit
is created; and

the m-bit data to which the lower-(m-8) bit data is added
is processed in a pseudo bit-depth extension block, and
is outputted in the form of 8-bit data.
24. A driving system for use in a displaying device
capable of gradation display with respect to each of pixels,
wherein:

input data for producing grayscales is k-bit data, where k
is an integer and 6=k <m (where m is an integer not
less than 9);

when k=7, 0is added to lower-(8-K) bit of the input k-bit
data, and data obtained by adding 0 is stored in a frame
memory;

when k=28, upper-8-bits of the k-bit data is stored in the
frame memory;

the input k-bit data is converted into 8-bit data by (i) a
grayscale cutting block, an independent y-processing
block and a pseudo bit-depth extension block in this
order, or (ii) the independent y-processing block, the
grayscale cutting block, and the pseudo bit-depth
extension block in this order;

overshoot-driving is carried out based on current frame
data and previous frame data wherein the current frame
data is the 8-bit-data converted from the input k-bit
data, and the previous frame data is data stored in the
frame memory;

data resulted from the overshoot driving is outputted in
the form of 8-bit data.
25. A driving system for use in a displaying device
capable of gradation display with respect to each of pixels,
wherein:

input data for producing grayscales is k-bit data, where k
is an integer and 6 =k<m (where m is an integer not less
than 9);

when k=7, 01s added to lower-(8-K) bit of the input k-bit
data, and data obtained by adding 0 is stored in a frame
memory;

when k=28, upper-8-bits of the k-bit data is stored in the
frame memory;

overshoot-driving is carried out based on current frame
data and previous frame data wherein the current frame
data is the 8-bit-data obtained through the independent
y-processing block and the pseudo bit-depth extension
block, and the previous frame data is data stored in the
frame memory;
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data resulted from the overshoot driving is outputted in
the form of 8-bit data.
26. The driving system as st forth in claim 20, wherein:

apart of look-up-tables for use in processes by the blocks,
sequentially arranged without interposing a memory, is
used as a common look up table for all of the blocks,
so that the blocks form one conversion block.

27. The driving system as set forth in claim 20, wherein:

apart of look-up-tables for use in processes by the blocks,
sequentially arranged without interposing a memory, is
used as a common look up table for all of the blocks,
so that the blocks form one conversion block.

28. The driving system as set forth in claim 1, wherein:

a default y-value of luminance property of the displaying
device is not less than an output y-value whose value is
estimated based on an input signal.

29. The driving system as set forth in claim 28, wherein

the output y-value is between 2.5 and 3.0.
30. The driving system as set forth in claim 8, wherein:

a y-value is set high for grayscales between a highest
grayscale and a grayscale corresponding to a maximum
output of the grayscale cutting block; and

a y-value is set relatively low for other grayscales.
31. The driving system as set forth in claim 21, wherein:

a part of look-up-tables for use in processes by the blocks,
sequentially arranged without interposing a memory, is
used as a common look up table for all of the blocks,
so that the blocks form one conversion block.

32. The driving system as set forth in claim 22, wherein:

apart of look-up-tables for use in processes by the blocks,
sequentially arranged without interposing a memory, is
used as a common look up table for all of the blocks,
so that the blocks form one conversion block.

33. The driving system as set forth in claim 23, wherein:

apart of look-up-tables for use in processes by the blocks,
sequentially arranged without interposing a memory, is
used as a common look up table for all of the blocks,
so that the blocks form one conversion block.

34. The driving system as sct forth in claim 24, wherein:

apart of look-up-tables for use in processes by the blocks,
sequentially arranged without interposing a memory, is
used as a common look up table for all of the blocks,
so that the blocks form one conversion block.

35. The driving system as set forth in claim 25, wherein:

a part of look-up-tables for use in processes by the blocks,
sequentially arranged without interposing a memory, is
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used as a common look up table for all of the blocks,
so that the blocks form one conversion block.

36. The driving system as set forth in claim 21, wherein:

a part of look-up-tables for use in processes by the blocks,
sequentially arranged without interposing a memory, is
used as a common look up table for all of the blocks,
so that the blocks form one conversion block.

37. The driving system as set forth in claim 22, wherein:

a part of look-up-tables for use in processes by the blocks,
sequentially arranged without interposing a memory, is
used as a common look up table for all of the blocks,
so that the blocks form one conversion block.

38. The driving system as set forth in claim 23, wherein:

a part of look-up-tables for use in processes by the blocks,
sequentially arranged without interposing a memory, is
used as a common look up table for all of the blocks,
so that the blocks form one conversion block.

39. The driving system as set forth in claim 24, wherein:

a part of look-up-tables for use in processes by the blocks,
sequentially arranged without interposing a memory, is
used as a common look up table for all of the blocks,
so that the blocks form one conversion block.

40. The driving system as set forth in claim 25, wherein:

a part of look-up-tables for use in processes by the blocks,
sequentially arranged without interposing a memory, is
used as a common look up table for all of the blocks,
so that the blocks form one conversion block.

41. The driving system as set forth in claim 9, wherein:

a y-value is set high for grayscales between a highest
grayscale and a grayscale corresponding to a maximum
output of the grayscale cutting block; and

a y-value is set relatively low for other grayscales.
42. The driving system as set forth in claim 22, wherein:

a y-value is set high for grayscales between a highest
grayscale and a grayscale corresponding to a maximum
output of the grayscale cutting block; and

a y-value is set relatively low for other grayscales.
43. The driving system as set forth in claim 23, wherein:

a y-value is set high for grayscales between a highest
grayscale and a grayscale corresponding to a maximum
output of the grayscale cutting block; and

a y-value is set relatively low for other grayscales.
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