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7) ABSTRACT

A liquid crystal display panel driving device includes a first
signal level detection unit for detecting a level of an input
image signal, a memory unit for delaying the input image
signal by an arbitrary constant time period, a second signal
level detection unit for detecting a level of a signal output
from the memory unit, and a corrected-image-signal calcu-
lation unit for correcting the input image signal based on an
output from the first signal level detection unit, an output
from the second signal level detection unit, and the arbitrary
constant time period, and for outputting the resultant image
signal.
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LIQUID CRYSTAL DISPLAY PANEL DRIVING
DEVICE AND METHOD

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display panel driving device and method for improving the
display characteristics of a liquid crystal display panel.

[0003] The invention also relates to a response-speed
improving circuit in a liquid crystal display panel.

[0004]

[0005] Some conventional devices for improving the dis-
play characteristics of a liquid crystal display panel aim at
improvement in the response speed of a liquid crystal, such
as ones described in Japanese Patent Laid-Open Application
(Kokai) No. 3-96993 (1991) and in U.S. Pat. No. 5,119,084.

[0006] For example, Japanese Patent Laid-Open Applica-
tion (Kokai) No. 3-96993 (1991) describes the following
problems in conventional liquid crystal display devices.
That 1s, “it is known that in liquid crystal display devices, a
change in the orientation of liquid-crystal molecules for a
change in the electric field delays due to the viscosity of the
liquid crytal used in the device, resulting in large rise time
and fall time, i.e., inferior transient response characteristics.
When displaying a still image by a liquid crystal display
device, such inferior transient response characteristics of
liquid crystals cause no problem. However, when displaying
a moving image by a liquid crystal display device, appear-
ance of afterimage in a displayed image thereby to degrade
the quality of the reproduced image is a problem.”

[0007] In order to reduce the occurrence of such a prob-
lem, Japanese Patent Laid-Open Application (Kokai) No.
3-96993 (1991) discloses the following afterimage cancel-
ling circuit for a liquid-crystal display device.

[0008] In the afterimage cancelling circuit disclosed in
Japanese Patent Laid-Open Application (Kokai) No.
3-96993 (1991), a difference signal, representing the differ-
ence between image signals to be displayed on a liquid
crystal display device and image signals separated by one-
frame period or one-field period, is generated. When the
value of the difference signal is larger than a predetermined
value, the difference signal is added to an input image signal
in order to prevent appearance of afterimage in an image
displayed on the liquid crystal display device. When the
value of the difference signal is smaller than the predeter-
mined value, the difference signal is treated as noise, and an
input image signal is output without adding the difference
signal, otherwise the difference signal is subtracted from the
input image signal in order to output an image signal having
reduced noise.

[0009] The afterimage cancelling circuit disclosed in Japa-
nese Patent Laid-Open Application (Kokai) No. 3-96993
(1991) will now be described with reference to FIG. 9.

[0010] In the afterimage cancelling circuit shown in FIG.
9, an image signal input to an input terminal 901 is supplied
to subtracters 902 and 904 as a signal to be subjected to
subtraction, as well as to an adder 907.

[0011] An output signal from a coefficient circuit 905 is
supplied to the subtracter 902 as a subtraction signal. An
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output signal from the subtracter 902 is stored in a memory
903. For example, the memory 903 comprises a FIFO
(first-in first-out) memory, or two memories configured so as
to alternately perform writing and reading for every one-
field period (or one-frame period), so that an image signal
which precedes the current image signal for a one-field (or
a one-frame) by the one-field period (or one-frame period)
is read from the memory 903 and is supplied to the sub-
tracter 904 as a subtraction signal.

[0012] The subtracter 904 uses the current image signal
supplied from the input terminal 901 as a signal to be
subjected to subtraction, and supplies a difference signal
obtained by subtracting an image signal which precedes the
current image signal for a one-field period (or a one-frame
period) by the one-field period (or the one-frame period)
read from the memory 903 from the current image signal to
coefficient circuits 905 and 906.

[0013] The coefficient circuit 905 multiplies the difference
signal output from the subtracter 904, for example, by a
coefficient smaller than 1, and supplies the subtracter 902
with the resultant signal as a subtraction signal.

[0014] That is, according to the operation of a loop of the
subtracter 902—the memory 903—the subtracter 904—the
coefficient circuit 905—the subtracter 902, a difference
signal representing the difference between image signals
separated by a one-frame period or a one-field period (a
motion detection signal) is output from the subtracter 904.

[0015] The difference signal output from the subtracter
904 is supplied to the coefficient circuit 906.

[0016] When the value of the difference signal supplied
from the subtracter 904 to the coefficient circuit 906 is
within a range of O~+a or 0~-a, i.e., smaller than a prede-
termined value |a], an output signal obtained by multiplying
the input signal by a coefficient having a polarity inverse to
the polarity of the input signal is output to the adder 907,
which outputs an image signal obtained by subtracting the
difference signal from the input image signal to an output
terminal 908. In the output signal in this state, noise is
reduced in the image signal.

[0017] When the value of the difference signal supplied
from the subtracter 904 to the coefficient circuit 906 is
outside the range of O~+a or O~-a, i.., larger than the
predetermined value |af, an output signal obtained by mul-
tiplying the input signal by a coefficient having the same
polarity as the polarity of the input signal is output to the
adder 907, which outputs an image signal obtained by
adding the difference signal to the input image signal to the
output terminal 908. The output signal in this state can
cancel afterimage in an image displayed on the liquid crystal
display device.

[0018] However, studies done by the inventor of the
present invention have revealed that the afterimage cancel-
ling circuit described above has problems. That is, for
example, when applying a signal voltage of +5 V to an
image signal for a frame and then applying a signal voltage
of +15 V to an image signal for the next frame, the difference
between the applied signal voltages is 10 V. On the other
hand, when applying a signal voltage of +10 V to an image
signal for a frame and then applying a signal voltage of +20
V for an image signal for the next frame, the difference
between the applied signal voltages is also 10 V. However,
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when correction is performed by using the same difference
signal for the two cases, optimum correction is not always
obtained. This is because a liquid crystal behaves differently
depending on the value of the level of the signal applied
thereto. That is, even if the same difference signal is applied,
optimum correction is not obtained unless the value of the
level of the signal applied to the liquid crystal is considered.
This fact is not taken into consideration in Japanese Patent
Laid-Open Application (Kokai) No. 96993 (1991).

[0019] For example, in display devices using twisted
nematic liquid crystals, vertically aligned liquid crystals and
PDLC’s (polymer dispersed liquid crystals), the response
speed greatly differs depending on the absolute values of the
level of the signal for the preceding frame and the level of
the signal for the current frame.

[0020] Although the response speed from 0% to 100% of
the maximum luminance level is sufficiently high, the
response speed from 0% to 10% of the maximum luminance
level is very low.

[0021] As described above, since the response speed
greatly differs depending on the values of the level of the
signal for the preceding frame and the level of the signal for
the current frame, an optimum response speed cannot be
obtained according to the conventional correction method
that does not depend on the signal level.

[0022] For example, if adjustment is performed so as to be
adapted to a signal level having a high response speed,
sufficient improvement is not obtained for a signal level
having a low response speed. On the other hand, if adjust-
ment is performed so as to be adapted to a signal level
having a low response speed, an image having prominent
noise is, in some cases, obtained because of excessive
correction.

SUMMARY OF THE INVENTION

[0023] Tt is an object of the present invention to solve the
above-described problems.

[0024] According to one aspect, the present invention
which achieves the above-described object relates to a liquid
crystal display panel driving device including first signal
level detection means for detecting a signal level of an input
image signal, memory means for delaying the input image
signal by an arbitrary constant time period, second signal
level detection means for detecting a level of a signal output
from the memory means, and corrected-image-signal calcu-
lation means for correcting the input image signal based on
an output from the first signal level detection means, an
output from the second signal level detection means, and the
arbitrary constant time period, and for outputting the result-
ant image signal.

[0025] According to another aspect, the present invention
which achieves the above-described object relates to a liquid
crystal display panel driving device including first encoding
means for encoding a level of an input image signal,
memory means for delaying the input image signal by an
arbitrary constant time period, second encoding means for
encoding a level of a signal output from the memory means,
corrected-image-signal calculation means for obtaining a
correction value based on outputs from the first and second
encoding means, and addition-subtraction means for adding/
subtracting the corrected value to/from the input image
signal.
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[0026] According to still another aspect, the present inven-
tion which achieves the aboved-described object relates to a
liquid crystal display panel driving device including first
encoding means for encoding a level of an input image
signal, second encoding means for encoding the level of the
input image signal, memory means for delaying an output
from the second encoding means by an arbitrary constant
time period, corrected-image-signal calculation means for
obtaining a correction value based on an output from the first
encoding means and an output from the memory means, and
addition-subtraction means for adding/subtracting the cor-
rection value to/from the input image signal.

[0027] According to yet another aspect, the present inven-
tion which achieves the aboved-described object relates to a
liquid crystal display panel driving device including encod-
ing means for encoding a level of an input image signal,
memory means for delaying an output from the encoding
means by an arbitrary constant time period, corrected-
image-signal calculation means for obtaining a correction
value based on an output from the encoding means and an
output from the memory means, and addition-subtraction
means for adding/subtracting the correction value to/from
the input image signal.

[0028] In one embodiment, the corrected-image-signal
calculation means corrects the input image signal so as to
maintain a linear relationship between the difference
between the output from the first signal level detection
means and the output from the second signal level detection
means and a step level of a display luminance of a liquid
crystal display panel, based, in depedence upon a value of a
step response output in a relationship between a driving
voltage and the display luminance of the liquid crystal
display panel after the arbitrary constant time period, on
levels before and after the step.

[0029] In another embodiment, the corrected-image-signal
calculation means comprises a look-up table.

[0030] In still another embodiment, the arbitrary constant
time period is a time period until the input image signal
again drives the same pixel of the liquid crystal display
panel.

[0031] According to yet a further aspect, the present
invention which achieves the above-described object relates
to a liquid crystal display panel driving method including the
step of driving a liquid crystal display device by an image
signal corrected so as to maintain a linear relationship
between a step level of the image signal and a step level of
a display luminance of the liquid crystal display panel,
based, in depedence upon a value of a step response output
in a relationship between a driving voltage and the display
luminance of the liquid crystal display panel after an arbi-
trary constant time period, on levels before and after the
step.

[0032] 1In one embodiment, when the level of the current
image signal is low, finer correction is performed than when
the level is high.

[0033] In another embodiment, the arbitrary constant time
period is a time period until the input image signal again
drives the same pixel of the liquid crystal panel.

[0034] According to the present invention, by correcting
the driving signal for the liquid crystal display panel to an
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optimum value in accordance with the level of the current
input image signal and the level of the past input image
signal driving the same pixel, the display characteristics of
the liquid crystal display panel can be improved.

[0035] Tt is thereby possible to display an image having a
smaller afterimage even when displaying a moving image.
Hence, it is possible to use even a liquid crystal display panel
having a low response speed for use in displaying a moving
image.

[0036] The foregoing and other objects, advantages and
features of the present invention will become more apparent
from the following detailed description of the preferred
embodiments taken in conjunction with the accompanying
drawings.

BRIEF DESCRITION OF THE DRAWINGS

[0037] FIG. 1 is a block diagram illustrating the configu-
ration of a liquid crystal display panel driving device accord-
ing to a first embodiment of the present invention,

[0038] FIG. 2 is a block diagram illustrating the configu-
ration of a liquid crystal display panel driving device accord-
ing to a second embodiment of the present invention;

[0039] FIG. 3 is a block diagram illustrating the configu-
ration of an encoder circuit;

[0040] FIG. 4 is a block diagram illustrating the configu-
ration of a liquid crystal display panel driving device accord-
ing to a third embodiment of the present invention;

[0041] FIG. 5is a block diagram illustrating the configu-
ration of a liquid crystal display panel driving device accord-
ing to a fourth embodiment of the present invention;

[0042] FIGS. 6A and 6B are diagrams illustrating the
principle of correction of the response speed of a liquid
crystal display panel according to the present invention,

[0043] FIG. 7 is a graph illustrating response character-
istics of a liquid crystal display panel, serving as the base for
a method of calculating a corrected output image signal Sc;

[0044] FIG. 8 is a diagram illustrating an example of data
arrangement in an LUT (look-up table); and

[0045] FIG. 9 is a schematic diagram illustrating a con-
ventional afterimage cancelling circuit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0046]

[0047] FIG. 11is a block diagram illustrating the configu-
ration of a liquid crystal display panel driving device accord-
ing to a first embodiment of the present invention. In FIG.
1, reference numeral 1 represents an input terminal for the
current image signal. A first level detection unit 2 receives
the input current image signal. A memory unit 3 delays the
current image signal by a predetermined time period. A
second level detection unit 4 receives the image signal
which precedes the current image signal by the predeter-
mined time period and is output from the memory unit 3. A
corrected-display-image-signal calculation unit 5 is con-
nected to the input terminal 1, the first level detection unit
2 and the second level detection unit 4, and calculates an
image signal to be displayed based on signals input from

First Embodiment
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these units. An output signal from the corrected-display-
image-signal calculation unit § is supplied to an output
terminal 6.

[0048] First, a description will be provided of the principle
of correction of the response speed performed by a response-
speed correction circuit in a liquid crystal display panel
according to the present invention, with reference to FIGS.
6A and 6B.

[0049] 1In FIGS. 6A and 6B, S, represents an input image
signal to be displayed on the liquid crystal display panel.

[0050] In general, a change in the orientation of the
molecules of a liquid crystal used in a liquid crystal display
panel lags behind a change in the electric field, due to the
viscosity of the liquid crystal. Hence, for example, when the
signal S; in the form of a stepwise voltage is input to the
liquid crystal display panel, the rise of display of the liquid
crystal display panel is delayed, as indicated by S, in FIG.
6A due to the transient response characteristics of the liquid
crystal.

[0051] Although illustration is omitted, the fall of display
of the liquid-crystal display panel is delayed in the same
manner.

[0052] 1In the first embodiment, as shown in FIG. 6B, the
corrected-display-image-signal calculation unit § converts
the input signal S, into a signal S_ such that the signal S,
obtained from the input signal S; by being timewise delayed
due to the transient response characteristics of the liquid
crystal is substantially corrected as S,'.

[0053] A signal that allows the response of the liquid
crystal to reach a desired signal level within a one-field
period is selected as the image signal S_ after correction.

[0054] For example, when displaying an image signal
having a refresh rate of 60 Hz, an exact display cannot be
performed and afterimage is generated unless the response
of the liquid crystal is such that it reaches a desired final
value within about 16.6 ms.

[0055] Accordingly, a signal that allows the response of
the liquid crystal to reach a desired value within about 16.6
ms is used as the image signal to be output to the liquid
crystal display panel.

[0056] A method for calculating the corrected output
image signal S_ will now be described with reference to
FIG. 7.

[0057] FIG. 7 illustrates transient response characteristics
of the display luminance of the liquid crystal with respect to
the stepwise input voltage.

[0058] In FIG. 7, a line “a” represents the transient
characteristic when the display luminance changes from 0%
to 30%. A line “b” represents the transient characteristic
when the display luminance changes from 0% to 50%, and
a line “c” represents the transient characteristic when the
display luminance changes from 0% to 70%.

[0059] For example, since the one-field period of an
NTSC TV image is about 16.6 ms (=0 sec), it is desired
that the response speed of the liquid crystal display panel is
within 16.6 ms.

[0060] When displaying a luminance of 30% with a
refresh rate of 60 Hz, the luminance must reach the final
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value within about 16.6 ms. Actually, however, as shown in
FIG. 7, the luminance reaches only about 30% of the final
value (a display luminance of 10%) at about 16.6 ms.

[0061] Accordingly, afterimage is generated when dis-
playing a moving image.

[0062] The line “b” shown in FIG. 7 can reach 30% of the
display luminance at about 16.6 ms. Accordingly, when
changing the luminance to be displayed after one field from
0% to 30%, a display signal such as would normally be
applied to change the display luminance from 0% to 50% is
applied. It is thereby possible to obtain a display luminance
of 30% at 16.6 ms.

[0063] Although in the first embodiment, a description has
been provided of only the case of changing the display
luminance from 0%, the corrected output image signal is
also calculated in the same manner for a case of changing the
display luminance from a non-zero display luminance to
another display luminance.

[0064] As described above, the output image signal S,
after correction is determined based on the level of the input
signal, the level of the input signal which precedes the
current input signal by a predetermined time period, and the
predetermined time period.

[0065] By applying the output image signal after correc-
tion to the liquid crystal display panel via the output terimi-
nal 6, it is possible to provide an optimum display as
indicated by S_' shown in FIG. 6b.

[0066] It is not necessary that the result of calculation of
the corrected image signal S, causes complete coincidence
with the target luminance. The image signal S, is appropri-
ately adjusted in consideration of necessary accuracy in
calculation, the preferred result of correction, and the like.

[0067] For example, the corrected-display-image-signal
calculation unit may be configured by a look-up table
(hereinafter abbreviated as an “LUT”) having the level of
the input image signal for the current field and the level of
the input image signal for the immediately preceding field as
addresses, and the output image signal S_ after correction as
data.

[0068] Although in the first embodiment, the same pixel of
the liquid erystal panel is driven at a one-field period (16.6
ms) of an NTSC signal, the driving period is not limited to
this value. For example, a one-frame period of an NTSC
signal, a field period or a frame period of a PAL/SECOM
signal, or a period corresponding to the refresh rate of a
VGA (Video Graphics Array) signal or a SVGA (super video
graphics array) signal may also be adopted. In such a case,
it is possible to deal with various signals by preparing in
advance the characteristics of the corrected-display-image-
signal calculation unit 5 corresponding to the respective
signals and switching the characteristics in accordance with
the type of the signal.

[0069] Instead of independently providing an LUT for
each refresh rate, an LUT having a typical correction value
may be commonly used.

[0070]

[0071] FIG. 2 is a block diagram illustrating the configu-
ration of a liquid-crystal display panel driving device
according to a second embodiment of the present invention.

Second Embodiment
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The figure illustrates an example of the detailed circuit
configuration of the liquid-crystal display panel driving
device of the first embodiment.

[0072] 1In FIG. 2, the current image signal is input to an
input terminal 201, and to a first encoder circuit (encoder 1)
202. A frame memory 203 delays an image signal by one
frame or one field. The image signal for the immediately
preceding frame or field output from the frame memory 203
is input to a second encoder circuit (encoder 2) 204. An LUT
205 is connected to the first encoder circuit 202 and the
second encoder circuit 203. An adder-subtracter 206 adds/
subtracts correction data output from the LUT 205 to/from
the current image signal. Reference numeral 207 represents
an output terminal. The LUT 205 and the adder-subtracter
206 constitute the corrected-display-image-signal calcula-
tion unit § of the first embodiment.

[0073] The second embodiment will now be described in
detail.
[0074] An image signal S; input to the input terminal 201

is supplied to the first encoder circuit 202. The current image
signal S; comprises 8 bits.

[0075] FIG. 3 illustrates the detail of the first encoder
circuit 202.
[0076] In FIG.3,the image signal S; input to the encoder

circuit via an input terminal 301 is compared with compari-
son levels 322-336 in comparators 302-316, respectively. In
the second embodiment, by using 15 comparators, input 8
bits are converted into 16 states, which are converted into 4
bits by an encoder 317. Reference numeral 318 represents an
output terminal.

[0077] The comparison levels are finely set in a range of
signal levels where accuracy in calculation is required, and
are roughly set in a range of signal levels where accuracy in
calculation is not required. For example, the comparison
levels are finely set in a range of low signal levels, and
roughly set in a range of high signal levels.

[0078] 1t is thereby possible to perform weighting in
accuracy in calculation depending on the level of the input
signal.

[0079] 1In FIG. 2, a signal output from the first encoder
circuit 202 is input to the LUT 205.

[0080] The image signal input from the input terminal 201
is written in the frame memory 203. When the image signal
for the next frame or field is input, the image signal for the
immediately preceding frame or field which has been written
is read from the frame memory 203. The image signal for the
immediately preceding frame or field read from the frame
memory 203 is input to the second encoder circuit 204.

[0081] Since the configuration of the second encoder
circuit 204 is the same as the configuration of the first
encoder circuit 202 shown in FIG. 3, further description
thereof will be omitted.

[0082] The image signal for the immediately preceding
frame or field output from the frame memory 203 is input to
the second encoder circuit 204, and is converted into a signal
obtained by performing weighting in accordance with the
level of the input signal. A description will be provided
assuming that an 8-bit input signal is converted into a 4-bit
signal, as in the first encoder circuit 202.
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[0083] The signal obtained by performing weighting by
the second encoder circuit 204 is input to the LUT 205.

[0084] Accordingly, the 4-bit signal output from the first
encoder circuit 202 and the 4-bit signal output from the
second encoder circuit 204, comprising 8 bits in total, are
input to the LUT 205.

[0085] The LUT 205 receives an address comprising 8
bits, and outputs 8-bit data selected by the address.

[0086] In the second embodiment, the 4-bit data output
from the first encoder circuit 202 is input to upper 4 bits of
the address input of the LUT 205, and the 4-bit data output
from the second encoder circuit 204 is input to lower 4 bits
of the address input of the LUT 205.

[0087] Correction values corresponding to respective
addresses are input as data of the LUT 203.

[0088] FIG. 8 illustrates an example of the LUT 205. The
amount of correction to be added/subtracted to/from the
current image signal is selected from upper 4 bits (the level
of the current image signal) and lower 4 bits (the level of the
image signal for the immediately preceding frame or field)
of the address, and the selected amount is output.

[0089] For example, when the level of the signal for the
immediately preceding frame or field is 0000b, and the level
of the current image signal is 0111b, a correction value of
+31 (0001 1111b) is selected.

[0090] By adding the correction value +31 to the current
image signal by the adder-subtracter 206 and applying the
resultant signal to the liquid crystal display panel, it is
possible to display an image without degradation in the
display speed.

[0091] Although in the second embodiment, the input
image signal comprises 8 bits, and correction data is calcu-
lated after compressing the image signal into a 4-bit signal
by the encoder circuit, the number of bits of the input signal
and the number of bits to be compressed by the encoder may
be appropriately selected in consideration of required accu-
racy in calculation and the amount of usable hardware.

[0092] For example, a simple configuration in which only
upper 4 bits of the 8-bit input image signal are used may also
be adopted.

[0093] Tt is also possible to adopt a configuration in which
the 8-bit input image signal is directly input to the calcula-
tion circuit without being compressed.

[0094] Although in the second embodiment, the LUT 205
where the results of calculation performed in advance have
been input and the adder-subtracter 206 are used as an
example of the constitution of the corrected-display-image-
signal calculation unit §, a calculation circuit for performing
calculation may be separately provided for the corrected-
display-image-signal calculation unit 5. The frame memory
203 is not necessarily a particular video memory, but any
memory unit having a memory function, such as an SRAM
(static random access memory), a DRAM (dynamic RAM),
an EDORAM (extended-data-out RAM), an SDRAM (syn-
chronous dynamic RAM), a FIFO (first-in first-out) memory,
or the like, may also be used.
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[0095]

[0096] FIG. 4 is a block diagram illustrating the configu-
ration of a liquid crystal display panel driving device accord-
ing to a third embodiment of the present invention.

[0097] In this configuration, the level of a signal is
detected by a second encoder circuit 404, and after com-
pressing the signal, the resultant signal is written in a frame
memory 403.

[0098] According to this configuration, it is possible to
reduce the number of bits written in the frame memory.
Hence, a small-capacity memory can be used, resulting in
reduction in the cost.

[0099]

[0100] FIG. 5 is a block diagram illustrating the configu-
ration of a liquid crystal display panel driving device accord-
ing to a fourth embodiment of the present invention.

[0101] The fourth embodiment differs from the third
embodiment in that the second encoder 404 is removed, and
the output of the first encoder 402 is directly written in the
frame memory 403. The configuration of the fourth embodi-
ment can be adopted when the range of level detection by the
second encoder circuit 404 is the same as the range of level
detection by the first encoder circuit 402.

[0102] The fourth embodiment allows that the amount of
hardware to be further reduced and the cost to be thereby
reduced when compared with the third embodiment.

[0103] The individual components designated by blocks in
the drawings are all well-known in the liquid crystal display
panel driving device and method arts and their specific
construction and operation are not critical to the operation or
the best mode for carrying out the invention.

[0104] While the present invention has been described
with respect to what are presently considered to be the
preferred embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments. To the
contrary, the present invention is intended to cover various
modifications and equivalent arrangements included within
the spirit and scope of the appended claims. The scope of the
following claims is to be accorded the broadest interpreta-
tion so as to encompass all such modifications and equiva-
lent structures and functions.

Third Embodiment

Fourth Embodiment

What is claimed is:
1. A liquid crystal display panel driving device compris-
ing:
first signal level detection means for detecting a level of
an input image signal;

memory means for delaying the input image signal by an
arbitrary constant time period,

second signal level detection means for detecting a level
of a signal output from said memory means; and

corrected-image-signal calculation means for correcting
the input image signal based on an output from said first
signal level detection means, an output from said
second signal level detection means, and the arbitrary
constant time period, and for outputting a resultant
image signal.
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2. A liquid crystal display panel driving device compris-
ing:
first encoding means for encoding a level of an input
image signal;

memory means for delaying the input image signal by an
arbitrary constant time period,

second encoding means for encoding a level of a signal
output from said memory means;

corrected-image-signal calculation means for obtaining a
correction value based on outputs from said first and
second encoding means; and

addition-subtraction means for adding/subtracting the
correction value to/from the input image signal.
3. A liquid crystal display panel driving device compris-
ing:

first encoding means for encoding a level of an input
image signal;

second encoding means for encoding the level of the input
image signal;

memory means for delaying an output from said second
encoding means by an arbitrary constant time period,

corrected-image-signal calculation means for obtaining a
correction value based on an output from said first
encoding means and an output from said memory
means; and

addition-subtraction means for adding/subtracting the
correction value to/from the input image signal.
4. A liquid crystal display panel driving device compris-
ing:
encoding means for encoding a level of an input image
signal;

memory means for delaying an output from said encoding
means by an arbitrary constant time period,

corrected-image-signal calculation means for obtaining a
correction value based on an output from said encoding
means and an output from said memory means; and
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addition-subtraction means for adding/subtracting the
correction value to/from the input image signal.

5. A device according to claim 1, wherein said corrected-
image-signal calculation means corrects the input image
signal so as to maintain a linear relationship between the
difference between the output of said first signal level
detection means and the output of said second signal level
detection means and a step level of a display luminance of
a liquid-crystal display panel, based, in depedence upon a
value of a step response output in a relationship between a
driving voltage and the display luminance of the liquid-
crystal display panel after the arbitrary constant time period,
on levels before and after the step.

6. A device according to any one of claims 1 through 4,
wherein said corrected-image-signal calculation means
comprises a look-up table.

7. A device according to any one of claims 1 through 35,
wherein the arbitrary constant time period is a time period
until the input image signal again drives a same pixel of the
liquid crystal display panel.

8. A liquid crystal display panel driving method compris-
ing the step of driving a liquid crystal display panel by an
image signal corrected so as to maintain a linear relationship
between a step level of the image signal and a step level of
a display luminance of the liquid crystal display panel,
based, in depedence upon a value of a step response output
in a relationship between a driving voltage and the display
luminance of the liquid crystal display panel after an arbi-
trary constant time period, on levels before and after the
step.

9. Amethod according to claim 8, wherein, when the level
of a current image signal is low, finer correction is per-
formed than when the level is high.

10. A method according to claim 8 or 9, wherein the
arbitrary constant time period is a time period until the input
image signal again drives a same pixel of the liquid crystal
display panel.
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