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(57) A luminance detected by a built-in photosensor
and a luminance of light emitted from a backlight through
a liquid crystal panel are measured in a plurality of states
where the backlight has a different luminance, and are
preliminarily stored in a storage unit. Moreover, a lumi-
nance of light emitted through the liquid crystal panel in
each input level when the maximum luminance of light
emitted through the liquid crystal panel is a predeter-

mined value is measured and is preliminarily stored in
the storage unit. The maximum luminance of light emitted
through the liquid crystal panel is then accepted, the lu-
minance of the backlight is controlled, the luminance in
each input level and an ideal luminance in each gray level
are calculated, and an input level which gives a lumi-
nance substantially equal to the ideal luminance in each
gray level is obtained to update an LUT.
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Description

TECHNICAL FIELD

[0001] The present invention relates to: a luminance control method for a liquid crystal display device comprising a
liquid crystal panel and a backlight disposed at the back of the liquid crystal panel; a liquid crystal display device to which
the luminance control method is applied; and a computer program for realizing the luminance control method with a
computer.

BACKGROUND ART

[0002] A liquid crystal display device displays an image by controlling On/Off of each pixel in a liquid crystal panel on
the basis of a video signal inputted from a personal computer (which will be hereinafter referred to as a PC) or the like
and by applying to each pixel a data voltage according to the video signal with a built-in gate driver and a built-in source
driver so as to control light transmittance determined by an electrooptical characteristic of a liquid crystal material.
[0003] The electrooptical characteristic of a liquid crystal material is determined by the distance between facing sub-
strates, i.e. a liquid crystal gap, as well as the characteristics of the liquid crystal material itself (e.g. birefringent index).
More specifically, in a case of a TN (Twisted Nematic) liquid crystal, for example, the transmission intensity I is determined
by a per se known expression (1) using a parameter of a product of the birefringent index ∆n and the liquid crystal gap
d of the TN liquid crystal, i.e. the retardation ∆n·d. It should be noted that the liquid crystal gap d is generally designed
to be the first local minimum point ((2·∆n·d)/λ=√3, λ: wavelength) of the expression (1). 

[0004] FIG. 13 is a graph showing an example of the electrooptical characteristic of a liquid crystal material, wherein
the abscissa axis denotes the voltage applied to the liquid crystal material while the ordinate axis denotes the light
transmittance of the liquid crystal material. Referring to FIG. 13, a continuous line A denotes a characteristic obtained
when the liquid crystal gap d satisfies d=λ·√ 3/(2·∆n), a continuous line B denotes a characteristic obtained when the
liquid crystal gap d satisfies d<λ·√3/(2·∆n) and a continuous line C denotes a characteristic obtained when the liquid
crystal gap d satisfies d>λ·√3/(2·∆n), and it is understood that the light transmittance, which is an important quality,
changes as the liquid crystal gap d changes, as shown by the above expression (1). Thus, the liquid crystal gap d, which
is a parameter for determining the light transmittance of a liquid crystal display device, might be narrower or wider than
a designed value due to a variation in manufacture, causing a problem that a desired light transmittance cannot be
obtained and an intended gray-level display cannot be provided.
[0005] Known as a solution for this problem is a liquid crystal display device comprising a memory for storing a look-
up table (which will be hereinafter referred to as an LUT) in which a gray level represented by the inputted video signal
is associated with an input level to a liquid crystal panel corresponding to the gray level, whereby a desired gray-level
characteristic can be realized by converting a gray level into an input level on the basis of the LUT and correcting specific
characteristics of the device (see, for example, Patent Document 1).
[0006] The liquid crystal display device disclosed in the Patent Document 1 measures a luminance in each input level
with an external photosensor (luminance meter) provided at the front of the liquid crystal panel and evaluates an actual
panel gray-level characteristic of the liquid crystal panel. A gray level and an input level, which are to be written into the
LUT, are calculated from the measured panel gray-level characteristic and the desired ideal gray-level characteristic,
and stored in the LUT.
[0007] FIG. 14 is a concept view showing an example of the content of the LUT. The LUT stores a gray level as an
index associated with an input level as a value. It should be noted that shown is an example wherein the number of gray
levels is 8 bits (256) and the input level is 10 bits (1024), i.e. 2 bits larger than the number of gray levels. The LUT stores
a gray level "0" associated with an input level "0", a gray level "1" associated with an input level "5", a gray level "2"
associated with an input level "8", ..., and a gray level "255" associated with an input level "1023". As shown in FIG. 15,
the liquid crystal display device converts an inputted gray level (FIG. 15(a)) of each pixel into an input level (FIG. 15(b))
associated with the gray level on the basis of the LUT, and outputs it.
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[0008] FIG. 16 is an explanatory view showing the concept of luminance control using the LUT. Referring to FIG. 16,
the continuous line denotes an actual gray-level characteristic of the liquid crystal panel and the broken line denotes an
ideal gray-level characteristic to be set. The liquid crystal display device converts a gray level X represented by the
inputted video signal into an input level Y to the liquid crystal panel on the basis of the LUT to obtain a luminance Q,
which gives an ideal gray-level characteristic, so as to realize an ideal gray-level characteristic artificially.
[Patent Document 1] Japanese Patent Application Laid-Open No.2002-99238

DISCLOSURE OF THE INVENTION

[0009] Ideal gray-level characteristics are divided into two groups: one changes relatively to the maximum luminance,
and the other one does not change relatively to the maximum luminance. A specific example of the former is a gamma
characteristic, and a specific example of the latter is the gray-scale display function (which will be hereinafter referred
to as the GSDF) compatible with the DICOM (standard for a medical imaging device).
[0010] FIG. 17 is a graph showing the gamma characteristic (γ=2.2), wherein the abscissa axis denotes a gray level
and the ordinate axis denotes a luminance. The continuous line denotes a characteristic obtained when the luminance
at 255-gray level (maximum luminance) is 600cd/m2 and the luminance at 0-gray level (minimum luminance) is 1cd/m2,
and the broken line denotes a characteristic obtained when the maximum luminance is 300cd/m2 and the minimum
luminance is 1cd/m2. The gamma characteristic is represented by a per se known expression (2). Each characteristic,
when normalized by the maximum luminance, has a common characteristic (curve) despite a difference in the maximum
luminance as shown in FIG. 18. Accordingly, conversion into a desired gray-scale characteristic can be performed without
changing the LUT since the gray level for obtaining the same gray level does not change even when the luminance
changes. That is, there is no need to change the LUT when the ideal gray-scale characteristic changes relatively to the
maximum luminance. 

L: luminance
i: gray level (0, 1, ..., 255)
γ: gamma value
Lmax: maximum luminance
Lmin: minimum luminance
[0011] FIG. 19 is a graph showing the GSDF compatible with the DICOM, wherein the abscissa axis denotes the gray
level and the ordinate axis denotes the luminance. The continuous line denotes a characteristic obtained when the
maximum luminance is 600cd/m2 and the minimum luminance is 1cd/m2, and the broken line denotes a characteristic
obtained when the maximum luminance is 300cd/m2 and the minimum luminance is 1cd/m2. As shown in FIG. 20, each
GSDF, when normalized by the maximum luminance, has a different characteristic (curve) according to the maximum
luminance, differently from the above gamma characteristic. Since the gray level for obtaining the same gray level
changes as the luminance changes, deviation from a desired gray-level characteristic arises unless the LUT is changed.
For example, a gray level which gives the same normalized luminance Q (0.4cd/m2) is a gray level Y (203) when the
maximum luminance is 600cd/m2, and is a gray level X (196) when the maximum luminance is 300cd/m2. The gray level
thus differs (X≠Y). Accordingly, there arises a need to change the LUT when the ideal gray-level characteristic does not
change relatively to the maximum luminance.
[0012] However, there is a problem that change of the LUT needs measurement of an actual panel gray-level char-
acteristic with an external photosensor every time, since the information to be stored in the LUT is conventionally obtained
by measurement with an external photosensor in the production process of the liquid crystal display device. Though it
is conceivable to preliminarily measure a panel gray-level characteristic for each possible maximum luminance and store
a plurality of LUTs corresponding to the respective maximum luminance to perform correction, there is a problem that
a rise in the cost is inevitable in this manner since a required capacity of a storage unit increases and there arises a
need to generate and store a plurality of LUTs.
[0013] The above problem is caused by the fact that the liquid crystal display device, which is not a selfluminous
display device, needs a backlight as a light source and the luminance of the backlight generally changes as the backlight
is used. Aspects of the change in the luminance of the backlight include a fact that time (aging time) is required until the
luminance is stabilized and a fact that the luminance gradually decreases depending on cumulative operating time.
[0014] Though it is said that the luminance of a conventional liquid crystal display device can be controlled, controlled
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is only the brightness, i.e. the ratio of luminance, so that a user cannot evaluate the luminance value during control (e.g.
brightness 50%) and has to rely on his own sensitivity. That is, the brightness can be controlled only qualitatively, and
there is no liquid crystal display device capable of controlling the luminance as desired, although it is desirable to control
the luminance quantitatively according to conditions such as user preference, use environment and the type of a screen
image to be displayed.
[0015] The present invention has been made with the aim of solving the above problems, and it is an object thereof
to provide a luminance control method for a liquid crystal display device capable of controlling a luminance of a backlight
and setting the luminance quantitatively by uniquely obtaining the relation between the luminance of the backlight and
a luminance of light emitted from the backlight through a liquid crystal panel and by uniquely calculating the luminance
of light emitted from the backlight through the liquid crystal panel on the basis of the luminance of the backlight.
[0016] Another object of the present invention is to provide a luminance control method for a liquid crystal display
device capable of realizing a superior gray-level characteristic by obtaining an actual gray-level characteristic of a liquid
crystal panel, by calculating a luminance to be set, i.e. a desired ideal gray-level characteristic, and by comparing both
the gray-level characteristics to control the luminance.
[0017] Still further object of the present invention is to provide a liquid crystal display device to which the luminance
control method is applied and a computer program for realizing the luminance control method with a computer.
[0018] A luminance control method according to the first aspect of the present invention is a luminance control method
for a liquid crystal display device, which comprises a liquid crystal display panel and a backlight disposed at the back of
the liquid crystal panel, for controlling an input level of a video signal to be inputted into the liquid crystal panel to control
the transmittance of the liquid crystal panel and provide a gray-level display, wherein the liquid crystal display device
further comprises luminance detecting means for detecting a luminance of the backlight, and the method comprises the
steps of: measuring a luminance of light emitted from the backlight through the liquid crystal panel in a plurality of states
where the liquid crystal panel has a predetermined transmittance and the backlight has a different luminance, and
preliminarily storing the luminance measured in each state associated with the luminance detected by the luminance
detecting means; setting a desired luminance set value of light emitted through the liquid crystal panel in a state where
the liquid crystal panel has a predetermined transmittance; calculating a luminance to be detected by the luminance
detecting means, which is to be the set luminance set value, on the basis of stored luminance in each state; and controlling
the luminance of the backlight so as to be the calculated luminance.
[0019] A luminance control method according to the second aspect of the present invention, as set forth in the first
aspect, further comprises the steps of: measuring a luminance of light emitted through the liquid crystal panel in each
input level, and preliminarily storing the measured luminance associated with an input level which gives the luminance;
calculating a luminance of light emitted through the liquid crystal panel in each input level and a luminance to be set in
each gray level in a case of the luminance set value on the basis of the stored luminance and input level; extracting an
input level which gives a luminance substantially equal to the luminance to be set in each gray level on the basis of the
luminance in each calculated input level and the luminance to be set in each gray level, and storing the extracted input
level associated with a gray level; and controlling the transmittance of the liquid crystal panel in a gray level associated
with the input level of the video signal.
[0020] A luminance control method according to the third aspect of the present invention, as set forth in the first aspect,
further comprises the steps of: measuring a luminance of light emitted through the liquid crystal panel in each input level;
normalizing each measured luminance, and preliminarily storing each normalized luminance associated with an input
level which gives the luminance; calculating a luminance of light emitted through the liquid crystal panel in each input
level and a luminance to be set in each gray level in a case of the luminance set value on the basis of the stored luminance
and input level; extracting an input level which gives a luminance substantially equal to the luminance to be set in each
gray level on the basis of the luminance in each calculated input level and the luminance to be set in each gray level,
and storing the extracted input level associated with a gray level; and controlling the transmittance of the liquid crystal
panel in a gray level associated with the input level of the video signal.
[0021] In a luminance control method according to the fourth aspect of the present invention, as set forth in any one
of the first to the third aspects, the luminance set value is a luminance in a state where the transmittance of the liquid
crystal panel is a controllable maximum transmittance.
[0022] In a luminance control method according to the fifth aspect of the present invention, as set forth in any one of
the first to the fourth aspects, one state of the plurality of states is a state where the backlight has a controllable maximum
luminance and another state of the plurality of states is a state where the backlight has a controllable minimum luminance.
[0023] A liquid crystal display device according to the sixth aspect of the present invention is a liquid crystal display
device, which comprises a liquid crystal panel and a backlight disposed at the back of the liquid crystal panel, for
controlling an input level of a video signal to be inputted to the liquid crystal panel to control the transmittance of the
liquid crystal panel and provide a gray-level display, further comprising: luminance detecting means for detecting a
luminance of the backlight; a storage unit for preliminarily storing information in which the luminance detected by the
luminance detecting means in a plurality of states where the liquid crystal panel has a predetermined transmittance and
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the backlight has a different luminance is associated with a luminance of light emitted from the backlight through the
liquid crystal panel; accepting means for accepting a desired luminance set value of light emitted through the liquid
crystal panel in a state where the liquid crystal panel has a predetermined transmittance; calculating means for calculating
a luminance to be detected by the luminance detecting means, which is to be the luminance set value accepted by the
accepting means, on the basis of the information stored in the storage unit; and luminance control means for controlling
the luminance of the backlight so as to be the luminance calculated by the calculating means.
[0024] In a liquid crystal display device according to the seventh aspect of the present invention, as set forth in the
sixth aspect, the storage unit further stores second information on a luminance of light emitted through the liquid crystal
panel in each input level, and the device further comprises: second calculating means for calculating a luminance of
light emitted through the liquid crystal panel in each input level in a case of the luminance set value accepted by the
accepting means on the basis of the second information; third calculating means for calculating a luminance to be set
in each gray level in a case of the luminance set value accepted by the accepting means; fourth calculating means for
calculating a luminance difference between the luminance to be set in each gray level calculated by the third calculating
means and the luminance in each input level calculated by the second calculating means; storage means for storing an
input level, which gives a minimum luminance difference calculated by the fourth calculating means, associated with a
gray level; and control means for controlling the transmittance of the liquid crystal panel in a gray level associated with
the input level of the video signal.
[0025] In a liquid crystal display device according to the eighth aspect of the present invention, as set forth in the sixth
or the seventh aspect, the luminance detecting means has: photoelectric conversion means for converting the luminance
of the backlight into an analog-type electric signal having a voltage corresponding to the luminance of the backlight; and
analog-digital conversion means for converting the converted analog-type electric signal into a digital-type electric signal.
[0026] A computer program according to the ninth aspect of the present invention is a computer program for causing
a computer to output control information to a liquid crystal display device comprising a liquid crystal panel and a backlight
disposed at the back of the liquid crystal panel and causing the computer to control an input level of a video signal to
be inputted into the liquid crystal panel to control the transmittance of the liquid crystal panel and provide a gray-level
display, comprising the steps of: causing the computer to store in a storage unit a luminance of the backlight, in a plurality
of states where the backlight has a different luminance, associated with a luminance of light emitted from the backlight
through the liquid crystal panel; causing the computer to set a desired luminance set value of light emitted through the
liquid crystal panel; causing the computer to calculate control information for controlling a luminance of the backlight,
which is to be the set luminance set value, on the basis of information stored in the storage unit; and causing the computer
to output the calculated control information to the liquid crystal display device.
[0027] A computer program according to the tenth aspect of the present invention, as set forth in the ninth aspect,
further comprises the steps of: causing the computer to store in a storage unit second information on a luminance of
light emitted through the liquid crystal panel in each input level; causing the computer to calculate a luminance of light
emitted through the liquid crystal panel in each input level in a case of the inputted luminance set value on the basis of
the stored second information; causing the computer to calculate a luminance to be set in each gray level in a case of
the inputted luminance set value; causing the computer to calculate a luminance difference between the calculated
luminance to be set in each gray level and the calculated luminance in each input level; and causing the computer to
store in the storage unit an input level, which gives a minimum calculated luminance difference, associated with a gray
level.
[0028] With the first aspect, the sixth aspect and the ninth aspect, the luminance detected by the luminance detecting
means and the luminance of light emitted from the backlight through the liquid crystal panel are measured in each of a
plurality of states where the liquid crystal panel has a predetermined transmittance and the backlight has a different
luminance, and both the luminances in each state are stored associated with each other. Since the relation between the
luminance of the backlight and the luminance of light emitted from the backlight through the liquid crystal panel can be
obtained uniquely, the luminance of light emitted from the backlight through the liquid crystal panel can be calculated
based on the luminance of the backlight detected by the luminance detecting means. A desired luminance set value of
light emitted through the liquid crystal panel is then set and the luminance of the backlight to be detected by the luminance
detecting means in a case of the set luminance set value is calculated to control the luminance of the backlight. Accordingly,
the luminance can be controlled so as to be a desired luminance set value, differently from conventional brightness
control by which the luminance can be controlled only qualitatively. Moreover, when the luminance detected by the
luminance detecting means and the luminance of light emitted from the backlight through the liquid crystal panel in a
plurality of states where the backlight has a different luminance are measured in the production process of the liquid
crystal display device and both the luminances in each state are preliminary stored associated with each other, there is
no need to measure the luminance of light emitted through the liquid crystal panel using an external photosensor after
shipment, the burden imposed on the user of the liquid crystal display device is decreased, highly accurate measurement
is enabled as a series of processes, and it becomes possible to control the luminance so as to be a desired luminance
with a high degree of accuracy. Furthermore, since quantitative luminance setting is enabled, the invention can be utilized
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as a self-diagnosis function such as notification to the user of the present luminance or notification to the user of a fact
that the luminance falls below a predetermined luminance, when it occurs.
[0029] With the second aspect, the seventh aspect and the tenth aspect, the luminance of light emitted through the
liquid crystal panel in each input level is measured and the measured luminance is stored associated with an input level
which gives the luminance. In this manner, an actual gray-level characteristic of the liquid crystal panel can be obtained.
The luminance of light emitted through the liquid crystal panel in each input level in a case where the luminance of light
emitted through the liquid crystal panel is a luminance set value and the luminance (ideal luminance) to be set in each
gray level is then calculated and an input level which gives a luminance substantially equal to the ideal luminance in
each gray level is extracted. Since the input level can be set so as to give a luminance substantially equal to the ideal
luminance in each gray level, it becomes possible to realize a superior gray-level characteristic.
[0030] With the third aspect, the seventh aspect and the tenth aspect, the luminance of light emitted through the liquid
crystal panel in each input level is measured, each luminance of each measured input level is divided and normalized
by the maximum luminance of the measured luminances, and each normalized luminance is stored associated with an
input level which gives the luminance. In this manner, it is possible to obtain an actual gray-level characteristic of the
liquid crystal panel. The luminance of light emitted through the liquid crystal panel in each input level in a case where
the luminance of light emitted through the liquid crystal panel is the luminance set value and a luminance (ideal luminance)
to be set in each gray level is then calculated and an input level which gives a luminance substantially equal to the ideal
luminance in each gray level is extracted. Since the input level can be set so as to give a luminance substantially equal
to the ideal luminance in each gray level, it is possible to realize a superior gray-level characteristic.
[0031] Moreover, regarding the above measurement of the luminance of light emitted through the liquid crystal panel,
when the luminance in a predetermined wavelength band and the luminance in a plurality of wavelength bands in the
predetermined wavelength band are measured, the input level for each wavelength band can be set individually so as
to give a luminance substantially equal to the ideal luminance in each gray level. Since luminance control can be
performed individually even when each wavelength band has a different gray-level characteristic, a superior gray-level
characteristic can be realized. For example, by measuring the luminance of a wavelength band corresponding to visible
light as the predetermined wavelength band and measuring the luminances of wavelength bands corresponding to the
three primary colors as a plurality of wavelength bands, input level can be set individually for the three primary colors
so as to give a luminance substantially equal to the ideal luminance in each gray level. Though the wavelength distribution
of light emitted from the backlight might change generally due to aged deterioration, a gray-level characteristic having
superior color reproducibility and superior white balance can be realized since luminance control can be performed
individually for the three primary colors.
[0032] With the fourth aspect, by making a luminance in a state where the transmittance of the liquid crystal panel is
a controllable maximum transmittance a luminance set value, the maximum luminance of light emitted through the liquid
crystal panel can be set quantitatively.
[0033] With the fifth aspect, by increasing the luminance difference between a plurality of states of different luminance
of the backlight, the relation between the luminance of the backlight and the luminance of light emitted from the backlight
through the liquid crystal panel can be obtained with a high degree of accuracy.
[0034] With the eighth aspect, conversion of the luminance of the backlight into an analog-type electric signal having
a voltage corresponding to the luminance of the backlight is performed by the photoelectric conversion means and the
converted analog-type electric signal is converted into a digital-type electric signal by the analog-digital conversion
means. Accordingly, the luminance detecting means can be constructed at low cost using general-purpose photoelectric
conversion means and analog-digital conversion means.
[0035] With the present invention, since the relation between the luminance of the backlight and the luminance of light
emitted from the backlight through the liquid crystal panel can be obtained uniquely and the luminance of light emitted
from the backlight through the liquid crystal panel can be uniquely calculated based on the luminance of the backlight,
the luminance of the backlight can be controlled and the luminance can be set quantitatively.
[0036] Moreover, with the present invention, since an actual gray-level characteristic of the liquid crystal panel can
be obtained, a gray-level characteristic to be set can be calculated and both the gray-level characteristics are compared
to control the luminance, and a superior gray-level characteristic can be realized.
[0037] Furthermore, with the present invention, when the luminance of the backlight (luminance detected by the
luminance detecting means) and the luminance of light emitted from the backlight through the liquid crystal panel are
measured in the production process of the liquid crystal display device, since there is no need to measure the luminance
of light emitted through the liquid crystal panel using an external photosensor after shipment, the burden imposed on
the user of the liquid crystal display device is decreased, highly accurate measurement is enabled as a series of processes,
and it becomes possible to control the luminance so as to be a desired luminance with a high degree of accuracy.
Moreover, even when the gray-level characteristic does not change relatively to a change in the maximum luminance,
a desired gray-level characteristic can be realized with a high degree of accuracy without using an external photosensor.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0038]

FIG. 1 is a block diagram showing a structure example of a liquid crystal display device according to Embodiment
1 of the present invention;
FIG. 2 is a diagram showing an input-output characteristic of a source driver;
FIG. 3 is a flow chart showing an example of a first process procedure of a luminance control method for a liquid
crystal display device according to Embodiment 1 of the present invention;
FIG. 4 is a graph showing a luminance-output value characteristic;
FIG. 5 is a graph showing an actual gray-level characteristic of the liquid crystal panel;
FIG. 6 is a graph showing a normalized gray-scale characteristic of the liquid crystal panel;
FIG. 7 is a flow chart showing an example of a second process procedure of a luminance control method for a liquid
crystal display device according to Embodiment 1 of the present invention;
FIG. 8 is a table view composed of a luminance level and the maximum luminance LTMAX;
FIG. 9 is a flow chart showing an example of an LUT generating/storing process;
FIG. 10 is a block diagram showing a structure example of a liquid crystal display device according to Embodiment
2 of the present invention;
FIG. 11 is a flow chart showing an example of a first process procedure of a luminance control method for a liquid
crystal display device according to Embodiment 2 of the present invention; and
FIG. 12 is a flow chart showing an example of a second process procedure of a luminance control method for a
liquid crystal display device according to Embodiment 2 of the present invention.
FIG. 13 is a graph showing an example of the electrooptical characteristic of a liquid crystal material;
FIG. 14 is a concept view showing an example of the content of an LUT;
FIG. 15 is an explanatory view showing each pixel level before and after luminance control using the LUT;
FIG. 16 is an explanatory view showing the concept of luminance control using the LUT;
FIG. 17 is a graph showing a gamma characteristic;
FIG. 18 is a graph of a normalized gamma characteristic;
FIG. 19 is a graph showing the GSDF compatible with the DICOM;
FIG. 20 is a graph of a normalized GSDF;

EXPLANATION OF REFERENCE NUMERALS

[0039]

1, 31 Liquid crystal display device
2 Control unit
3 ROM
4 RAM
5 Operation unit
6, 36 Storage unit
6a, 36a, 36b, 36c LUT
7 Signal input unit
8 Liquid crystal drive circuit
9 Liquid crystal panel
10 Backlight power supply circuit
11 Backlight
12 Photosensor
13 ADC
22, 42 External photosensor

DETAILED DESCRIPTION OF THE INVENTION

[0040] The following description will explain the present invention in detail with reference to the drawings illustrating
some embodiments thereof.
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(Embodiment 1)

[0041] FIG. 1 is a block diagram showing a structure example of a liquid crystal display device according to Embodiment
1 of the present invention. The liquid crystal display device 1 according to this embodiment comprises a control unit 2,
a ROM 3, a RAM 4, an operation unit 5, a storage unit 6, a signal input unit 7, a liquid crystal drive circuit 8, a liquid
crystal panel 9, a backlight power supply circuit 10, a backlight 11, a photosensor 12, and an ADC (A/D converter) 13.
The liquid crystal display device 1 has a function of displaying a screen image on a display screen of the liquid crystal
panel 9 on the basis of a video signal inputted through the signal input unit 7. Though the video signal might be of an
analog type, the following description will explain a digital-type video signal. It should be noted that an external photosensor
22 is a device for measuring the luminance of light emitted through the liquid crystal panel 9, and is additionally used
when the following first process procedure is performed.
[0042] The control unit 2, which is specifically composed of a CPU connected with each hardware unit mentioned
above through a bus 15, controls each hardware unit and performs a variety of software functions according to a control
program stored in the ROM 3. The ROM 3 preliminarily stores a variety of software programs necessary for operations
of the liquid crystal device as mentioned above. The RAM 4, which is composed of a SRAM, stores temporal data which
is generated when the software is executed. It should be noted that the control unit 2, the ROM 3, the RAM 4 and the
like may be realized by an electronic circuit 16 such as a microcomputer so as to a execute a variety of processes as
hardware.
[0043] The operation unit 5 comprises various function keys for operating the liquid crystal display device 1. The
function keys include a luminance control execution key 5a for setting whether a luminance control process is to be
performed or not and a luminance setting key 5b for setting the luminance of the liquid crystal display device. It should
be noted that an On Screen Display (OSD) may be displayed on the liquid crystal panel 9 so as to operate various
settings of the liquid crystal display device, or the liquid crystal panel 9 may be of a touch panel type so that a part of,
or all of, various function keys of the operation unit 5 can be substituted.
[0044] The storage unit 6, which is a device rewritable as software, stores: an output value ADH of the ADC 13 and
a luminance LMH of a substantially center part of the display surface of the liquid crystal panel 9 obtained when the
brightness is the maximum (100%); an output value ADL of the ADC 13 and a luminance LML of a substantially center
part of the display surface of the liquid crystal panel obtained when the brightness is the minimum (0%); and luminance
L0/L1023, L1/L1023, ..., L1023/L1023 which is obtained by normalizing the luminance L0, L1, ..., L1023 of a substantially center
part of the display surface obtained when a source driver (mentioned later) outputs an output voltage for each input level
(e.g. 10 bit: 0~1023) to the liquid crystal panel. The storage unit 6 further has a function of timely updating and storing
an LUT 6a in which a gray level is associated with an input level to the liquid crystal panel corresponding to the gray
level. The content of the LUT 6a is the same as the conventional LUT illustrated in FIG. 14.
[0045] The signal input unit 7, which is connected to an external PC 21 through a video signal line L, receives a video
signal outputted from the PC 21, and the control unit 2 corrects the received video signal on the basis of the LUT 6a
stored in the storage unit 6 and outputs it to the liquid crystal drive circuit 8. The liquid crystal drive circuit 8, which is
composed chiefly of a gate driver 8a and a source driver 8b, drives the liquid crystal panel 9 on the basis of a video
signal (corrected signal) inputted from the control unit 2. In this manner, the control unit 2 can control the transmittance
of the liquid crystal panel 9 in a gray level associated with an input level of the video signal outputted from the PC 21.
[0046] Supplied to the source driver 8b, which has an input-output characteristic shown in FIG. 2, is a reference voltage
(when 10 bit: VREF1, VREF2, ..., VREF10), and the source driver 8b has a function of generating an output voltage
according to an input level inputted from the control unit 2 and outputting it in each output stage. That is, the source
driver 8b outputs the output voltage (data voltage) V0, V1, ..., V1023 to a source line of the liquid crystal panel according
to the inputted input level 0, 1, ..., 1023 in each output stage so as to supply data voltage.
[0047] The liquid crystal panel 9 is constructed by disposing a pair of glass substrates opposite to each other and
forming a liquid crystal layer made of liquid crystal materials in a gap between them. A plurality of pixel electrodes and
a TFT whose drain is connected to the respective pixel electrodes are formed on one glass substrate and a common
electrode is formed on the other glass substrate. The gate and the source of the TFT are connected sequentially with
each output stage of the gate driver 8a and the source driver 8b, respectively. The liquid crystal panel 9 is fitted between
a pair of polarizing plates, and the backlight 11 is disposed at the back thereof.
[0048] The backlight power supply circuit 10 has a function of controlling an output voltage thereof and functions as
luminance control means for controlling the luminance of light emitted from the backlight 11 by outputting a controlled
voltage to the backlight 11. The liquid crystal panel 9 controls the light transmittance determined by an electrooptical
characteristic of a liquid crystal material and displays a screen image by controlling On/Off of each pixel by a gate signal
inputted from the gate driver 8a and by applying an output voltage (data voltage) inputted from the source driver 8b to
each pixel during the On period.
[0049] Disposed near the backlight 11 is a general purpose photosensor 12, such as a photodiode or a phototransistor,
which converts incident light from the backlight 11 into an analog-type electric signal (which will be hereinafter referred
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to as an analog signal) having a voltage according to the luminance (e.g. the luminance in the wavelength band of the
visible light) of the incident light. The ADC 13 converts the analog signal outputted from the photosensor 12 into a digital-
type electric signal (which will be hereinafter referred to as a digital signal). That is, the photosensor 12 and the ADC
13 cooperate to function as luminance detecting means according to the present invention.
[0050] Now, the following description will explain a luminance control method for a liquid crystal display device according
to the present invention, using a flow chart. The luminance control method for a liquid crystal display device according
to the present invention includes a first process procedure, which uses an external photosensor 22, and a second process
procedure, which does not use the external photosensor 22. It should be noted that the first process procedure is generally
processed by a manufacturer of the liquid crystal device, i.e. processed in manufacturing process, and the second
process procedure is processed by the user of the liquid crystal display device.
[0051] FIG. 3 is a flow chart showing an example of the first process procedure of the luminance control method for
a liquid crystal display device according to Embodiment 1 of the present invention.
[0052] First, the control unit 2 controls the liquid crystal drive circuit 8 to give the maximum light transmittance of the
liquid crystal material (step S1). In particular, when the liquid crystal panel 9 is in a normally black mode, the control unit
2 outputs a scanning signal to the gate driver 8a and outputs to the source driver 8b an input level (e.g. "1111111111
(1023)" in a case of 10-bit input) which gives the maximum voltage to be applied to the liquid crystal material. The gate
driver 8a outputs a scanning voltage for controlling On/Off of the TFT sequentially to each output stage in synchronization
with the scanning signal inputted from the control unit 2 so as to supply the scanning voltage to the gate line of the liquid
crystal panel. The source driver 8b outputs an output voltage (data voltage) V1023 corresponding to the inputted input
level (1023) to each output stage and to the source line of the liquid crystal panel. In this manner, each TFT applies the
data voltage V1023 to a pixel electrode and controls the light transmittance of the liquid crystal material determined by
the electrooptical characteristic. It should be noted that, when the liquid crystal panel 9 is in a normally white mode, the
light transmittance of the liquid crystal material can be maximum by outputting to the source driver 8b an input level (e.g.
"0000000000(0)" in a case of 10-bit input) which gives the minimum voltage to be applied to the liquid crystal material.
A signal of an input level which gives the maximum light transmittance of the liquid crystal material may be inputted
externally from a PC or the like.
[0053] The control unit 2 then controls the backlight power supply circuit 10 to give the maximum brightness value
(100%), obtains a luminance LMH of a substantially center part of the display surface of the liquid crystal panel 9 with
the external photosensor 22 and obtains an output value ADH of the ADC 13 (step S2). Similarly, the control unit 2
controls the backlight power supply circuit 10 to give the minimum brightness value (0%), obtains a luminance LML of a
substantially center part of the display surface of the liquid crystal panel 9 and obtains an output value ADL of the ADC
13 (step S3). It should be noted that the brightness control can be performed by controlling the voltage value to be
supplied to the backlight.
[0054] The control unit 2 stores in the storage unit 6 the luminances LMH, LML and the output values ADH, ADL obtained
in the steps S2 and S3 (step S4). Since the luminance L is proportional to the output value AD, a luminance-output value
characteristic as shown in FIG. 4 can be obtained uniquely by obtaining two points of brightness, namely 100% and 0%,
and the luminance L can be calculated (interpolated) based on an expression (3) from the output value AD of the ADC
13, the luminances LMH, LML and the output values ADH, ADL, without using the external photosensor 22. That is, the
output value AD of the ADC 13, which gives the luminance L, can be calculated based on an expression (4). It should
be noted that, though two points of 100% and 0% of the brightness are obtained in this example to determine the
luminance-output value characteristic, the present invention is not limited to this, and the luminances and the output
values of two arbitrary points of the different brightness may be obtained and the obtained luminances and output values
may be stored in the storage unit 6 to obtain the luminance-output value characteristic by forward extrapolation or
backward extrapolation, or the luminances and the output values of more than two arbitrary points of the different
brightness may be obtained and linearization may be applied to obtain the luminance-output value characteristic. 
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[0055] The control unit 2 then outputs to the source driver 8b a signal, which gives the input level of 0, 1, ..., 1023, to
output the output voltage V0, V1, ..., V1023 to the liquid crystal panel 9 and change the light transmittance of the liquid
crystal material, and obtains the luminance L0, L1, ..., L1023 of a substantially center part of the liquid crystal panel 9 in
each case with the external photosensor 22 (step S5). In this manner, an actual gray-level characteristic of the liquid
crystal panel 9 as shown in FIG. 5 can be obtained. A signal which gives the input level of 0, 1, ..., 1023 may be inputted
externally from a PC or the like.
[0056] The obtained luminance L0, L1, ..., L1023 is then normalized by dividing it by the maximum luminance L1023 and
the normalized luminance L0/L1023, L1/L1023, ..., L1023/L1023 is stored in the storage unit 6 (step S6). In this manner, a
normalized gray-level characteristic of the liquid crystal panel 9 as shown in FIG. 8 can be obtained. It is needless to
say that an actual gray-level characteristic obtained in the step S5 may be stored in the storage unit 6 instead of the
normalized gray-level characteristic, and there is no limitation as long as a correlation between luminances for respective
input levels inputted to the source driver is defined. Furthermore, 256 points of the luminance to give input levels of 0,
4, 8, ..., 1023, for example, of the input levels of 0, 1, ..., 1023 may be measured, and the luminance of 1024 points may
be calculated by linear interpolation, normalized and then stored in the storage unit 6. In this manner, reduction of process
time can be realized. It is needless to say that the 256 points of input levels to be measured actually may be arbitrary,
and the number of the levels to be measured actually is not limited to 256.
[0057] FIG. 7 is a flow chart showing an example of the second process procedure of the luminance control method
for a liquid crystal display device according to Embodiment 1 of the present invention.
[0058] First, an input of a desired luminance set value (which will be hereinafter referred to as the maximum luminance
LTMAX by a user of the liquid crystal display device 1 is accepted through the operation unit 5 (step S11). It should be
noted that the maximum luminance LTMAX may be inputted directly as a value itself, or accepted in a manner that a table
in which a luminance level is associated with the maximum luminance LTMAX as shown in FIG. 8 is stored in the storage
unit 6 and the user selects a luminance level after reading the table in a suitable manner.
[0059] The control unit 2 reads the luminances LMH, LML and the output values ADH, ADL stored in the storage unit 6
and calculates an output value ADT which gives the maximum luminance LTMAX based on the expression (4) from the
read luminances LMH, LML and output values ADH, ADL and the maximum luminance LTMAX accepted in the step S11
(step S12). In this manner, the luminance of the display screen of the liquid crystal panel can be controlled so as to be
the maximum luminance LTMAX by controlling the backlight power supply circuit 10 so as to give the output value ADT.
[0060] The control unit 2 then reads the normalized luminance L0/L1023, L1/L1023, ..., L1023/L1023 stored in the storage
unit 6 and multiplies the read luminance L0/L1023, L1/L1023, ..., L1023/L1023 by the maximum luminance LTMAX accepted
in the step S11 to calculate the actual luminance (which will be hereinafter referred to as a panel gray-level characteristic
value) LTMAX·L0/L1023, LTMAX·L1/L1023, ..., LTMAX·L1023/L1023 in a case of the maximum luminance LTMAX (step S13).
[0061] The control unit 2 then calculates luminance (which will be hereinafter referred to as an ideal gray- level char-
acteristic value) T0, T1, ..., T255 to be set in a case of the maximum luminance LTMAX based on a display function
preliminarily stored in the storage unit 6 (step S14). Now, the following description will explain an example where the
display function is the GSDF. The GSDF defines that the minimum luminance difference of a given target identifiable
by a normal man is 1 JND (Just-Noticeable Difference) under a given observation conditions, and is a function obtained
by plotting JNDs up to 1023-step assuming that the minimum luminance is 0.05cd/m2.
[0062] The control unit 2 calculates JNDTMAX and JNDTMIN respectively for the maximum luminance LTMAX and min-
imum luminance LTMIN accepted in the step S11 based on an expression (5). It should be noted that the minimum
luminance LTMIN is LTMAX·L0/L1023 so that the luminance difference between each JND (each gray level) becomes the
maximum, i.e. the maximum dynamic range. It is needless to say that the minimum luminance LTMIN may be an arbitrary
luminance of the LTMAX·L1/L1023, LTMAX·L2/L1023, ..., LTMAX·L1023/L1023, or may be obtained in a manner that input of a
desired minimum luminance LTMIN by the user of the liquid crystal display device 1 is accepted through the operation unit 5. 

A=71.498068, B=94.593053, C=41.912053
D=9.8247004, E=0.28175407, F=-1.1878455
G=-0.18014349, H=0.14710899, I=-0.017046845
[0063] In order to allocate a resolution n (e.g. 8 bit=256) a JND difference (JNDTMAX-JNDTMIN) between the maximum
luminance LTMAX and the minimum luminance LTMIN, which is divided equally into the number of the gray levels 2n-1
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(255 in this example), the control unit 2 calculates an ideal gray-level characteristic value T1, T2, ..., T255 in each gray
level based on an expression (6). It should be noted that, though the above description explained an example where
the display function is the GSDF, it is needless to say that the display function may be any function. 

i: gray level (0, 1, ..., 255)

 

a=-1.3011877, b=-2.5840191E-2, c=8.0242636E-2
d=-1.0320229E-1, e=1.3646699E-1, f=2.8745620E-2
g=-2.5468404E-2, h=-3.1978977E-3
p=1.2992634E-4, q=1.3635334E-3
[0064] The control unit 2 then compares the ideal gray-level characteristic value T0, T1, ..., T255 calculated in the step
S14 with the panel gray-level characteristic value LTMAX·L0/L1023, LTMAX·L1/L1023, ..., LTMAX·L1023/L1023 calculated in
the step S13 to generate the LUT 6a and stores the LUT 6a in the storage unit 6 (step S15).
[0065] Now, the following description will explain the LUT generating/storing process mentioned above in the step
S15 more concretely. FIG. 9 is a flow chart showing an example of the LUT generating/storing process.
[0066] The control unit 2 calculates a differential value (Ti-LTMAX·Lj/L1023) between an ideal gray-level characteristic
value Ti (i=0, 1, ..., 255) and a panel gray-level characteristic value LTMAX·Lj/L1023 (j=0, 1, ..., 1023) (step S21), and
extracts a combination of a gray level i and an input level j, which gives the minimum absolute value of the calculated
differential value |Ti-LTMAX·Lj/L1023|, for each gray level i (step S22).
[0067] The calculated gray level i is then stored in the storage unit 6 as an index of the LUT 6a and the input level j
is stored in the storage unit 6 as a value of the LUT 6a (step S23). It should be noted that, though described is a manner
in that the LUT 6a is composed of a combination of a gray level i and an input level j which gives the minimum absolute
value of the differential value (TiLTMAX·Lj/L1023) in the step S22, the present invention is not limited to this, and the
LUT 6a may be composed of a combination of a gray level i and an input level j which gives the smallest positive number
(or negative number) of the differential value (TiLTMAX·Lj/L1023).

(Embodiment 2)

[0068] Though described in Embodiment 1 is an embodiment suitable mainly for a monochrome liquid crystal display
device which uses one LUT for luminance control, it is preferable to prepare an LUT for luminance control for each color
in a case of a color liquid crystal display device since the transmittance of light in the liquid crystal material differs
according to the wavelength of the light as shown in the expression (1). Such construction is described in Embodiment 2.
[0069] FIG. 10 is a block diagram showing a structure example of a liquid crystal display device according to Embod-
iment 2 of the present invention. A liquid crystal display device 31 according to this embodiment comprises a control
unit 2, a ROM 3, a RAM 4, an operation unit 5, a storage unit 36, a signal input unit 7, a liquid crystal drive circuit 8, a
liquid crystal panel 9, a backlight power supply circuit 10, a backlight 11, a photosensor 12, and an ADC 13.
[0070] The storage unit 36, which is a device rewritable as software, stores: an output value ADH of the ADC 13 and
a luminance LMH of a substantially center part of the display surface of the liquid crystal panel 9 in a case of the maximum
brightness (100%); an output value ADL of the ADC 13 and a luminance LML of a substantially center part of the display
surface of the liquid crystal panel 9 in a case of the minimum brightness (0%); and a first color luminance R0/R1023,
R1/R1023, ..., R1023/R1023, a second color luminance G0/G1023, G1/G1023, ..., G1023/G1023, and a third color luminance
B0/B1023, B1/B1023, ..., B1023/B1023 which are obtained by normalizing a first color luminance R0, R1, ..., R1023, a second
color luminance G0, G1, ..., G1023, and a third color luminance B0, B1, ..., B1023 corresponding to the three primary colors
of a substantially center part of the display surface obtained when the source driver 8b outputs an output voltage
corresponding to each input level to the liquid crystal panel 9. The storage unit 36 further has a function of timely updating
and storing an LUT 36a, 36b, 36c for each color in which a gray level is associated with an input level to the liquid crystal
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panel 9 according to the gray level. The content of the LUTs 36a, 36b and 36c are respectively the same as the
conventional LUT illustrated in FIG. 14. Since other structures are the same as those of Embodiment 1, like codes are
used to refer to like parts and the explanation thereof is omitted.
[0071] It should be noted that an external photosensor 42 is a device for measuring the luminance in a wavelength
band corresponding to visible light of light emitted through the liquid crystal panel 9 and the luminance in wavelength
bands corresponding respectively to the three primary colors, and is additionally used when a first process procedure
(mentioned later) is performed. It should be also noted that the primary three colors include a color mixing system
composed of red, green and blue, and a subtractive color system composed of yellow, cyan and magenta, and any one
of the color systems may be employed.
[0072] FIG. 11 is a flow chart showing an example of the first process procedure of a luminance control method for a
liquid crystal display device according to Embodiment 2 of the present invention.
[0073] First, the control unit 2 controls the liquid crystal drive circuit 8 to give the maximum light transmittance of the
liquid crystal material (input level: 1023) (step S31). The control unit 2 then controls the backlight power supply circuit
10 to give the maximum brightness value (100%), obtains a luminance LMH of a substantially center part of the display
surface of the liquid crystal panel 9 with the external photosensor 42 and obtains an output value ADH of the ADC 13
(step S32). Similarly, the control unit 2 controls the backlight power supply circuit 10 to give the minimum brightness
value (0%), obtains a luminance LML of a substantially center part of the display surface of the liquid crystal panel 9 with
the external photosensor 42 and obtains an output value ADL of the ADC 13 (step S33). The control unit 2 stores in the
storage unit 36 the luminances LMH, LML and the output values ADH, ADL obtained in the steps S32 and S33 (step S34).
[0074] The control unit 2 then outputs a signal, which gives an input level 0, 1, ..., 1023, to the source driver 8b, outputs
an output voltage V0, V1, ..., V1023 to the liquid crystal panel 9 to change the light transmittance of the liquid crystal
material, and obtains a first color luminance R0, R1, ..., R1023, a second color luminance G0, G1, ..., G1023, and a third
color luminance B0, B1, ..., B1023 of a substantially center part of the display surface of the liquid crystal panel 9 in each
case with the external photosensor 42 (step S35). The obtained first color luminance R0, R1, ..., R1023, second color
luminance G0, G1, ..., G1023, and third color luminance B0, B1, ..., B1023 are then normalized by dividing them respectively
by the maximum luminance R1023, G1023 and B1023, and the normalized first color luminance R0/R1023, R1/R1023, ...,
R1023/R1023, second color luminance G0/G1023, G1/G1023, ..., G1023/G1023, and third color luminance B0/B1023,
B1/B1023, ..., B1023/B1023 are stored in the storage unit 36 (step S36). A signal which gives an input level of 0, 1, ..., 1023
may be inputted externally from a PC or the like.
[0075] The control unit 2 then divides the first color luminance R1023, the second color luminance G1023 and the third
color luminance B1023 respectively by the luminance LMH and stores in the storage unit 36 R1023/LMH (which will be
hereinafter referred to as RR), G1023/LMH (which will hereinafter referred to as GR) and B1023/LMH (which will be hereinafter
referred to as BR) (step S37). That is, a ratio of the luminance of the three primary colors RR:GR:BR is calculated. It
should be noted that, though a ratio of the luminance is calculated in this example where the luminance liquid crystal
material has the controllable maximum transmittance, a ratio of the luminance in a case where the liquid crystal material
has a predetermined transmittance may be calculated.
[0076] FIG. 12 is a flow chart showing an example of a second process procedure of the luminance control method
for a liquid crystal display device according to Embodiment 2 of the present invention.
[0077] First, input of a desired maximum luminance LTMAX by the user of the liquid crystal display device 1 is accepted
through the operation unit 5 (step S41). The control unit 2 then reads the luminances LMH, LML and output values ADH,
ADL stored in the storage unit 36 and calculates an output value ADT which gives the maximum luminance LTMAX based
on the expression (4) from the read luminances LMH, LML and output values ADH, ADL and the maximum luminance
LTMAX accepted in the step S41 (step S42).
[0078] The control unit 2 then reads the normalized first color luminance R0/R1023, R1/R1023, ..., R1023/R1023, second
color luminance G0/G1023, G1/G1023, ..., G1023/G1023, and third color luminance B0/B1023, B1/B1023, ..., B1023/B1023 stored
in the storage unit 36 and calculates panel gray-level characteristic values for the respective colors LTMAX·RR·R0/R1023,
LTMAX·RR·R1/R1023, ..., LTMAX·RR·R1023/R1023, LTMAX·GR·G0/G1023, LTMAX·GR·G1/G1023, ..., LTMAX·GR·G1023/G1023,
and LTMAX·BR·B0/B1023, LTMAX·BR·B1/B1023, ..., LTMAX·BR·B1023/B1023 in a case of the maximum luminance LTMAX by
multiplying the read first color luminance R0/R1023, R1/R1023, ..., R1023/R1023, second color luminance G0/G1023,
G1/G1023, ..., G1023/G1023, and third color luminance B0/B1023, B1/B1023, ..., B1023/B1023 by RR, GR and BR normalized
in the step S37 and the maximum value LTMAX accepted in the step S41 (step S43).
[0079] The control unit 2 then calculates ideal gray-level characteristic values for the respective colors TR0, TR1, ...,
TR255, TG0, TG1, ..., TG255, and TB0, TB1, ..., TB255 in a case of the maximum luminance LTMAX based on the display
function preliminarily stored in the storage unit 36 (step S44), compares the ideal gray-level characteristic values for the
respective colors calculated in the step S44 with the panel gray-level characteristics for respective colors calculated in
the step S43 to generate LUTs 36a, 36b and 36c, and stores them in the storage unit 36 (step S45). Since the LUT
generating/storing process is the same as that of Embodiment 1, the explanation thereof is omitted.
[0080] It should be noted that, though a white screen is displayed by making the transmittance of all the pixels equal
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in order to obtain the first color luminance, the second color luminance and the third color luminance with the external
photosensor 42 in this embodiment, a first color raster screen may be displayed by setting a voltage to be applied to
pixels of the first color as V1023 and setting a voltage to be applied to pixels of the other colors as V0 in order to obtain
the first color luminance with the external photosensor 42. In this manner, a gray-level characteristic having superior
accuracy can be realized since the effect of the luminance of the second color and the third color on the luminance of
the first color can be removed even when the wavelength bands of the respective colors are broad and overlap with
each other (the same for the second color luminance and the third color luminance).
[0081] Moreover, though the photosensor 12 converts the luminance in the wavelength band of visible light into an
analog signal in the above description, the luminance-output value characteristic for each color may be obtained using
a photosensor for converting the luminance in the wavelength band of each of the three primary colors into an analog
signal having a voltage according to the luminance. It should be understood that in this case, the analog signal is
converted into a digital signal by connecting an ADC corresponding to each color with the photosensor. It is needless
to say that a plurality of photosensors for converting the luminance of each of wavelength bands into an analog signal
may be used.
[0082] The above-mentioned process procedure may be executed for color temperatures, e.g. a blue base (12500K)
and a clear base (7500K) respectively. In this case, the storage unit 36 stores in the first process procedure the luminances
LMH, LML and the output values ADH, ADL for each color temperature and the normalized first color luminance R0/R1023,
R1/R1023, ..., R1023/R1023, second color luminance G0/G1023, G1/G1023, ..., G1023/G1023, and third color luminance
B0/B1023, B1/B1023, ..., B1023/B1023, selection of a desired color temperature by the user of the liquid crystal display
device 1 is accepted through the operation unit 5 in the second process procedure, and a process is executed for the
selected color temperature. It is needless to say that the color temperature is not limited to these two, and may be any
color temperature.
[0083] Furthermore, though described in Embodiment 1 and Embodiment 2 is a manner that the control unit 2 in the
liquid crystal display device executes the above software process to control luminance, a PC 21 connected with the
liquid crystal device via a communication line compatible with the USB standard may perform a process similar to that
of the above control unit 2. In this case, a necessary process may be executed by reading a recording medium such as
a CD-ROM or a flexible disk (FD) in which the above process content is recorded as a computer program with a CD-
ROM drive or a FD drive and by loading the read computer program to a memory. It is needless to say that the PC 21
may execute the process by downloading a computer program from a recording medium composed of a server device
connected with a communication network such as a LAN via the communication network. Moreover, the PC 21 may
comprise a storage unit for storing the above LUT 6a (36a, 36b, 36c), or the PC 21 may cause a storage unit in the liquid
crystal display device to store the LUT 6a (36a, 36b, 36c).

Claims

1. A luminance control method for a liquid crystal display device, which comprises a liquid crystal panel and a backlight
disposed at the back of the liquid crystal panel, for controlling an input level of a video signal to be inputted into the
liquid crystal panel to control transmittance of the liquid crystal panel and provide a gray-level display, wherein:

the liquid crystal display device further comprises luminance detecting means for detecting a luminance of the
backlight, and
the luminance control method comprises the steps of:

measuring a luminance of light emitted from the backlight through the liquid crystal panel in a plurality of
states where the liquid crystal panel has a predetermined transmittance and the backlight has a different
luminance, and preliminarily storing the luminance measured in each state associated with the luminance
detected by the luminance detecting means;
setting a desired luminance set value of light emitted through the liquid crystal panel in a state where the
liquid crystal panel has a predetermined transmittance;
calculating a luminance to be detected by the luminance detecting means, which is to be the set luminance
set value, on the basis of stored luminance in each state; and
controlling the luminance of the backlight so as to be the calculated luminance.

2. The luminance control method according to claim 1, further comprising the steps of:

measuring a luminance of light emitted through the liquid crystal panel in each input level, and preliminarily
storing the measured luminance associated with an input level which gives the luminance;
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calculating a luminance of light emitted through the liquid crystal panel in each input level and a luminance to
be set in each gray level in a case of the luminance set value, on the basis of the stored luminance and input level;
extracting an input level, which gives a luminance substantially equal to the luminance to be set in each gray
level, on the basis of the luminance in each calculated input level and the luminance to be set in each gray
level, and storing the extracted input level associated with a gray level; and
controlling the transmittance of the liquid crystal panel in a gray level associated with the input level of the video
signal.

3. The luminance control method according to claim 1, further comprising the steps of:

measuring a luminance of light emitted through the liquid crystal panel in each input level;
normalizing each measured luminance, and preliminarily storing each normalized luminance associated with
an input level which gives the luminance;
calculating a luminance of light emitted through the liquid crystal panel in each input level and a luminance to
be set in each gray level in a case of the luminance set value, on the basis of the stored luminance and input level;
extracting an input level, which gives a luminance substantially equal to a luminance to be set in each gray
level, on the basis of the luminance in each calculated input level and the luminance to be set in each gray
level, and storing the extracted input level associated with a gray level; and
controlling the transmittance of the liquid crystal panel in a gray level associated with the input level of the video
signal.

4. The luminance control method according to any one of claims 1 through 3, wherein the luminance set value is a
luminance in a state where the transmittance of the liquid crystal panel is a controllable maximum transmittance.

5. The luminance control method according to any one of claims 1 through 4, wherein one state of the plurality of states
is a state where the backlight has a controllable maximum luminance and another state of the plurality of states is
a state where the backlight has a controllable minimum luminance.

6. A liquid crystal display device, which comprises a liquid crystal panel and a backlight disposed at the back of the
liquid crystal panel, for controlling an input level of a video signal to be inputted to the liquid crystal panel to control
transmittance of the liquid crystal panel and provide a gray-level display, comprising:

luminance detecting means for detecting a luminance of the backlight;
a storage unit for preliminarily storing information in which the luminance detected by the luminance detecting
means, in a plurality of states where the liquid crystal panel has a predetermined transmittance and the backlight
has a different luminance is associated with a luminance of light emitted from the backlight through the liquid
crystal panel;
accepting means for accepting a desired luminance set value of light emitted through the liquid crystal panel in
a state where the liquid crystal panel has a predetermined transmittance;
calculating means for calculating a luminance to be detected by the luminance detecting means, which is to be
the luminance set value accepted by the accepting means, on the basis of the information stored in the storage
unit; and
luminance control means for controlling the luminance of the backlight so as to be the luminance calculated by
the calculating means.

7. The liquid crystal display device according to claim 6, wherein
the storage unit further stores second information on a luminance of light emitted through the liquid crystal panel in
each input level, and
the liquid crystal device further comprises:

second calculating means for calculating a luminance of light emitted through the liquid crystal panel in each
input level in a case of the luminance set value accepted by the accepting means, on the basis of the second
information;
third calculating means for calculating a luminance to be set in each gray level in a case of the luminance set
value accepted by the accepting means;
fourth calculating means for calculating a luminance difference between the luminance to be set in each gray
level calculated by the third calculating means and the luminance in each input level calculated by the second
calculating means;
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storage means for storing an input level, which gives a minimum luminance difference calculated by the fourth
calculating means, associated with a gray level; and
control means for controlling the transmittance of the liquid crystal panel in a gray level associated with the input
level of the video signal.

8. The liquid crystal display device according to claim 6 or 7, wherein the luminance detecting means has: photoelectric
conversion means for converting the luminance of the backlight into an analog-type electric signal having a voltage
corresponding to the luminance of the backlight; and analog-digital conversion means for converting the converted
analog-type electric signal into a digital-type electric signal.

9. A computer program for causing a computer to output control information to a liquid crystal display device comprising
a liquid crystal panel and a backlight disposed at the back of the liquid crystal panel and causing the computer to
control an input level of a video signal to be inputted into the liquid crystal panel to control transmittance of the liquid
crystal panel and provide a gray-level display, said computer program comprising the steps of:

causing the computer to store in a storage unit a luminance of the backlight, in a plurality of states where the
backlight has a different luminance, associated with a luminance of light emitted from the backlight through the
liquid crystal panel;
causing the computer to set a desired luminance set value of light emitted through the liquid crystal panel;
causing the computer to calculate control information for controlling a luminance of the backlight, which is to
be the set luminance set value, on the basis of first information stored in the storage unit; and
causing the computer to output the calculated control information to the liquid crystal display device.

10. The computer program according to claim 9, further comprising the steps of:

causing the computer to store in a storage unit second information on a luminance of light emitted through the
liquid crystal panel in each input level;
causing the computer to calculate a luminance of light emitted through the liquid crystal panel in each input
level in a case of the inputted luminance set value, on the basis of the stored second information;
causing the computer to calculate a luminance to be set in each gray level in a case of the inputted luminance
set value;
causing the computer to calculate a luminance difference between the calculated luminance to be set in each
gray level and the calculated luminance in each input level; and
causing the computer to store in the storage unit an input level, which gives a minimum calculated luminance
difference, associated with a gray level.
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