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(57) ABSTRACT 

In order to correct the gray level of a liquid crystal display 
(100), based upon a control signal (21) from a computer (2) 
for setting an LUT in the liquid crystal display (100), a 
Signal Source (3) generates a group of analog RGB signals 
(11) having values corresponding to various gradients, and 
gives these to an analog/digital converter (4). Moreover, a 
luminance meter (1) measures a gray level, for example, the 
luminance (14), displayed by a liquid crystal display panel 
(6). Data (15) corresponding to the luminance (14) measured 
by the luminance meter (1) is given to a computer (2). The 
computer (2) compares values of the group of RGB signals 
(11) outputted by the signal source (3) and the value of the 
data (15), and stores the resulting conversion characteristic 
(16) in an LUT memory means (5). The application of a 
rewritable memory, such as a RAM and an EEPROM, as the 
LUT memory means (5) makes it possible to cancel indi 
vidual differences in the display characteristic of the display 
panel, and consequently to obtain a desired gray level. Thus, 
the relationship between the input signal and the gray level 
So as to have a desired characteristic is obtained. 
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GRAY LEVEL CONVERSION METHOD AND 
DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a technique for 
controlling the gray level of an image that is displayed in 
response to an input signal. 
0.003 2. Description of the Background Art 
0004. A display device for displaying images (including 
all visual information Such as characters and Symbols) is 
allowed to display an image with a gray level corresponding 
to the value of a Signal inputted to the display device. The 
gray level relates to, for example, luminance or light trans 
mittance. Here, the value of the Signal inputted to the display 
device and the value of the gray level associate with a 
characteristic inherent to the display device (also referred to 
Y-characteristic: hereinafter, referred to as "display charac 
teristic'). Therefore, in a display apparatus, provided with a 
display device, not a signal inputted to the display device 
(hereinafter, referred to as "input signal') itself, but a 
conversion signal obtained by converting the input Signal by 
using another characteristic (hereinafter, referred to as “cor 
rection characteristic') is given, to the display device in 
order to allow the display device to display with a gray level 
that has a linear relationship with the value of the input 
Signal. 

0005 Since there are variations in the display character 
istic depending on display devices, the correction charac 
teristic needs to be set for each of the display devices, and 
a look-up table (hereinafter, referred to as “LUT”) is used so 
as to make the input signal and the conversion signal 
asSociated with each other. Here, a Storage device Such as a 
memory in which the look-up table is Stored is installed in 
the display apparatus as a conversion Section together with 
the display device. 
0006 FIG. 8 is a graph that approximates the display 
characteristic. The value of a conversion Signal is plotted on 
the axis of abscissa X and the value of a gray level is plotted 
on the axis of ordinate y. In order to approximate the display 
characteristic, the values of four conversion signals, X=P1, 
P2, R1, R2, are given to the display device, and the corre 
sponding values of gray level y=Q1, Q2, S1, S2 are mea 
Sured. 

0007 Here, in the range of X=0 to P2, the display 
characteristic is approximated by a function f(x), and in the 
range of X=P2 to R1, the display characteristic is approxi 
mated by a function g(x). In the range from X R1 to the 
maximum value of the conversion Signal, the display char 
acteristic is approximated by a function h(x). All of these 
functions f(x), g(x), and h(x) are, for example, functions 
containing logarithmic functions, and respectively deter 
mined by: (X, f(x)) (P1, Q1), (P2, Q2), (x, g(x))=(P2, Q2), 
(R1, S1), (x, h(x))=(R1, S1), (R2, S2). 
0008 FIG. 9 is a graph that shows a correction charac 
teristic. The value of an input signal is plotted on the axis of 
abscissa X and the value of a conversion signal is plotted on 
the axis of ordinate y. In this case, the input signal and the 
conversion signal are both provided with 8 bit tones (28=256 
gradient). Here, the input signal and the conversion signal 
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are property conformed to each other in their ranges of 
variations, and with respect to correction characteristics, in 
the case of X=0 to O2, f'(x) is Set, in the case of X=Q2 to 
S1, g(x) is set, and in the case of x=S1 to the maximum 
value of the input signal, h'(x) is set, respectively. Here, the 
symbol “” represents the inverse function. 
0009. Therefore, by using an LUT having the correction 
characteristic shown in FIG. 9, the input signal is converted 
to the conversion Signal, and based upon the resulting 
conversion signal, the display device executes a display with 
the gray level in accordance with the display characteristic, 
thus, the display is carried out with the gray level that has a 
linear relationship with the input Signal. For example, Such 
a technique has been disclosed by Japanese Patent Applica 
tion Laid-Open No. 9-288468(1997). 
0010. However, in the technique proposed by Japanese 
Patent Application Laid-Open No. 9-288468(1997), the dis 
play characteristic is approximated by a function, and the 
inverse function to the function is calculated So as to provide 
a linear-type display characteristic. Then, this is multiplied 
by a coefficient for canceling a correction (hereinafter, 
referred to as “CRT-use y correction”) preliminarily applied 
to a Video Signal So as to correct the display characteristic of 
a cathode ray tube (CRT), if necessary, so as to set the LUT 
of the correction characteristic. 

0011. Therefore, only the LUT for setting the following 
relationships to a linear relationship has been provided: the 
relationship between the input Signal and the gray level that 
is made associated with each other through the conversion 
Signal or the relationship between the Set value of the Video 
Signal prior to being applied the CRT-use y correction and 
the gray level. 

SUMMARY OF THE INVENTION 

0012. A method according to first aspect of the present 
invention is a gray level conversion method that is applied 
to a device having a conversion Section for obtaining a 
conversion signal by applying a conversion process to an 
input Signal in accordance with a first characteristic and a 
display element for executing a display with a gray level in 
accordance with a Second characteristic with respect to the 
value of the conversion signal, wherein the first character 
istic is Set by using a Second characteristic and a third 
characteristic with respect to the gray level in association 
with the input Signal. Here, the method comprises the Steps 
of (a) finding a value of the gray level given by the third 
characteristic in response to the value of the input signal (b) 
finding a value of the conversion Signal that gives the value 
of the gray level found at Step (a) in accordance with the 
Second characteristic, (c) setting the first characteristic by 
making the value of the input signal set at Step (a) and the 
value of the conversion signal found at Step (b) associated 
with each other. 

0013 The gray level conversion method according to 
Second aspect of the present invention is characterized in 
that the third characteristic is variable. 

0014. The method according to third aspect of the present 
invention, which relates to Second aspect, further comprises 
the Step of (d) prior to step (b), finding the Second charac 
teristic by adopting a characteristic that makes the input 
Signal and the conversion Signal virtually equal to each other 
as the first characteristic. 
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0.015 The method according to fourth aspect of the 
present invention, which relates to the third aspect, is 
characterized in that the value of the input Signal is a digital 
value in the Step (d). 
0016. The gray level conversion method according to 
fifth aspect of the present invention, which relates to the first 
aspect, is characterized in that the display device is a liquid 
crystal display. 

0.017. The gray level conversion method according to 
Sixth aspect of the present invention, which relates to the 
fifth aspect, is characterized in that the gray level is lumi 

CC. 

0.018. A device according to seventh aspect of the present 
invention is a display device having a conversion Section for 
obtaining a conversion signal by applying a conversion 
process to an input signal in accordance with a first char 
acteristic and a display element for executing a display with 
a gray level in accordance with a Second characteristic with 
respect to the value of the conversion signal, wherein the 
first characteristic is externally found and Set in the conver 
Sion Section based upon the Second characteristic and a third 
characteristic with respect to the gray level in association 
with the input Signal. 

0019. The device according to ninth aspect of the present 
invention, which relates to the eighth display device, is 
further provided with a control Section for generating a 
digital signal, and the digital signal and the input signal are 
Supplied to the conversion Section exclusively. 

0020. In accordance with the gray level conversion 
method of first aspect and the display device of Seventh 
aspect in the present invention, even when there are varia 
tions in the Second characteristic in a display device, based 
upon calculations on the first characteristic, the display 
element is allowed to display with a gray level in accordance 
with a desired third characteristic with respect to an input 
Signal. Here, the desired third characteristic can be prefer 
ably set. 

0021. In accordance with the gray level conversion 
method according to the third aspect of the present inven 
tion, the Second characteristic can be found independently 
for each display device. 

0022. In accordance with the gray level conversion 
method according to fourth aspect and the display device 
according to ninth aspect in the present invention, the Second 
characteristic can be obtained more accurately So that the 
first characteristic is found with high precision. 

0023 The present invention has been devised to solve the 
above-mentioned problem, and its objective is to provide a 
technique by which a conversion characteristic for obtaining 
a conversion Signal from an input signal is Set So that the 
relationship between the input Signal and the gray level can 
be set to an optional, desired characteristic (hereinafter, 
referred to “desirable characteristic'). 
0024. The first through third characteristics correspond to 
“conversion characteristic”, “display characteristic' and 
"desirable characteristic', respectively. 

0.025 These and other objects, features, aspects and 
advantages of the present invention will become more 
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apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026 FIG. 1 is a block diagram that shows a construction 
of a display characteristic correction System in accordance 
with a first preferred embodiment of the present invention; 
0027 FIG. 2 is a graph that shows a conversion charac 
teristic, 
0028 FIG. 3 is a graph that shows one example of a 
display characteristic of a liquid crystal panel; 
0029 FIG. 4 is a graph that shows one example of a 
desired characteristic, 
0030 FIG. 5 is a graph that exemplifies an actual lumi 
nance target characteristic; 
0031 FIG. 6 is a graph that shows a display character 
istic correction in accordance with the first preferred 
embodiment; 
0032 FIG. 7 is a block diagram that shows a construction 
of a display characteristic correction System in accordance 
with a Second preferred embodiment of the present inven 
tion; 
0033 FIG. 8 is a graph that approximates the display 
characteristic in a conventional technique; and 
0034 FIG. 9 is a graph that approximates the correction 
characteristic in the conventional technique. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0035) First Preferred Embodiment 
0036 FIG. 1 is a block diagram that shows a construction 
of a display characteristic correction System in accordance 
with the first preferred embodiment of the present invention. 
The display characteristic correction System is provided with 
a liquid crystal display 100, and a means for correcting the 
gray level of the liquid crystal display 100. 
0037. In the liquid crystal display 100, an analog/digital 
converter (ADC) 4 carries out an analog/digital conversion 
on a group of analog RGB signals 11 inputted thereto from 
outside, and generates a group of digital RGB signals 12. 
Then, an LUT memory means 5 carries out a conversion on 
the group of RGB signals 12 based upon a predetermined 
conversion characteristic, and generates a group of digital 
RGB signals 13 as conversion signals. Further, the liquid 
crystal display panel 6, which Serves as a display element, 
receives the group of RGB signals 13, and carries out a 
display with a gray level, for example, a luminance, based 
upon an inherent display characteristic. The group of RGB 
Signals 11 are composed of Signals 11, 11 and 11, the 
group of RGB signals 12 are composed of Signals 12, 12 
and 12, and the group of RGB signals 13 are composed of 
Signals 13, 13 and 13. Here, all the Signals 11, 12 and 
13 correspond to red signals (R), all the signals 11, 12 
and 13 correspond to green signals (G), and all the signals 
11, 12 and 13 correspond to blue signals (B). 
0038. The respective signals constituting the groups of 
RGB signals 12, 13 may be composed of any number of bits; 
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however, in the present preferred embodiment, an explana 
tion will be given of a case in which each of them is 
composed of 8 bits by which gradients (or tones) of 0 to 255 
can be obtained. Moreover, not limited to the liquid crystal 
display element, another display element, Such as a CRT, 
may be used. 

0039. In order to correct the gray level of the liquid 
crystal display 100, a signal Source 3 generates a group of 
analog RGB signals 11 corresponding to various gradients, 
based upon a control Signal 21 from a computer (for 
example, a personal computer: PC) 2 for Setting the LUT in 
the liquid crystal display 100, and gives them to the analog/ 
digital converter 4. Moreover, a luminance meter 1 measures 
the gray level displayed by the liquid crystal panel 6, for 
example, the luminance 14. Data 15 corresponding to the 
luminance 14 thus measured by the luminance meter 1 is 
Supplied to the computer 2. 

0040. The computer 2 compares the values of the group 
of RGB signals 11 outputted by the signal source 3 and the 
values of the data 15, and Stores the resulting conversion 
characteristic 16 in the LUT memory means 5. More spe 
cifically, this proceSS is realized by, for example, Storing data 
corresponding to the value of the group of RGB signals 13 
in addresses corresponding to the value of the group of RGB 
Signals 12. The application of a rewritable memory Such as 
a RAM and an EEPROM as the LUT memory means 5 
makes it possible to cancel individual differences in the 
display characteristic of the liquid crystal panels 6, and 
consequently to obtain a desired gray level. 
0041. The following description will discuss a method of 
Setting the conversion characteristic 16 by typically exem 
plifying the red color; however, in actual cases, the Setting 
of the conversion characteristic 16 is also carried out on each 
of the green and blue colors individually. 

0.042 First, in order to find the display characteristic of 
the liquid crystal panel 6 individually, the computer 2 gives 
a conversion characteristic 16 to the LUT memory means 
5 which allows the Signal 12 and the Signal 13 to have 
virtually the same value. FIG. 2 is a graph that shows a 
conversion characteristic 16. By Storing Such a conversion 
characteristic that exerts apparently no conversion process, 
it is possible to confirm the Signal 13 Serving as the 
conversion signal as if it were the Signal 11 Serving as the 
input Signal in a digital format. 

0.043 Next, in accordance with the control signal 21 from 
the computer 2, the Signal 11 having various amplitudes is 
outputted from the Signal Source 3 to the analog/digital 
converter 4 of the liquid crystal display 100. Upon receipt of 
the Signal 11, the analog/digital converter 4. Subjects it to a 
quantization process with the greatest amplitude being Set at 
255 to generate a Signal 12, and outputs the resulting Signal 
to the LUT memory means 5. For example, if the amplitude 
of the signal 11 is an amplitude corresponding to 5%55 of 
the maximum amplitude of the Video Signal, the Signal 12 
has a gradient of 50. 

0044 As described above, since the LUT memory means 
5 stores the conversion characteristic 16 that allows the 
Signals 12 and 13 to have the same value, the value of the 
Signal 12, that is, digital data indicating the value 50 for the 
above example, is inputted to the liquid crystal panel 6. 
Therefore, the liquid crystal panel 6 emits light with a 
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luminance corresponding to the value of the Signal 12. The 
luminance meter 1 measures the luminance 14 at this time, 
and sends data 15 indicating the results to the computer 2. 
004.5 The above-mentioned processes are carried out on 
all the values 0 to 255 of gradients, thereby finding the 
display characteristic of the red color of the liquid crystal 
panel. FIG. 3 is a graph that shows one example of a display 
characteristic 8 of the liquid crystal panel 6. 
0046. Here, in order to find the display characteristic of 
the liquid crystal panel 6, it is not necessary to measure the 
gray level with respect to all the gradients that the Signal 12 
is allowed to take. For example, the gradients that the Signal 
12 is allowed to take may be properly Selected, and the 
luminance thereof is measured, and the relationship between 
the Signal 11 and the luminance may be obtained with 
respect to the number of gradients less than all the gradients. 
On the computer 2, an interpolation process, Such as Spline 
interpolation, is carried out to calculate data indicating the 
relationship between all the values of gradients and the gray 
level, thereby making it possible to find the display charac 
teristic of the liquid crystal panel 6. 
0047 Once the display characteristic has been obtained, 
next is Set a conversion characteristic. Although the Signal 
11, which is the input signal, is an analog signal, it is 
possible to recognize the Signal 12 formed by digitizing this 
as the renewed input signal. Here, Suppose that a desired 
characteristic that a desired gray level, for example, the 
luminance to be displayed by the Signal 12 is allowed to 
take, has been given to the computer 2. FIG. 4 is a graph that 
shows one example of the desired characteristic in which the 
luminance is normalized. Here, the characteristic of the 
luminance thus normalized with respect to the input Signal 
is referred to as “normalized target luminance characteris 
tic'. The normalized target luminance characteristic 9 may 
have any characteristic as long as the maximum luminance 
is normalized to 1. The normalized target luminance char 
acteristic 9 can be readily altered on the computer 2. 
0048 FIG. 5 is a graph that exemplifies an actual lumi 
nance target characteristic 10 obtained by multiplying the 
normal target luminance characteristic 9 by the maximum 
luminance. By comparing the actual luminance target char 
acteristic 10 with the actually measured display character 
istic 8 of the liquid crystal panel 6, it is possible to obtain a 
conversion characteristic that makes the display character 
istic covering the entire liquid crystal display 100 coincident 
with the actual luminance target characteristic 10. 
0049 FIG. 6 is a graph that shows a method for obtaining 
a conversion characteristic from the display characteristic 8 
and the actual luminance target characteristic 10. For 
example, Supposing that the display characteristic of the 
liquid crystal panel 6 is in conformity with the actual 
luminance target characteristic 10, a Signal 11, having a 
value of gradient 180 is supplied, the luminance of the liquid 
crystal panel 6 is represented by Lo. In this case, when the 
value of gradient of the Signal 13, which gives the lumi 
nance Ls in accordance with the display characteristic 8 
that is the actual display characteristic of the liquid crystal 
panel, is found, a value of gradient 130 is obtained. Accord 
ingly, in the case when the value of the input Signal is 
equivalent to a value of the gradient 180, a i conversion 
process which Sets the value of the conversion Signal equiva 
lent to a value of the gradient 130, is obtained. This process 
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is carried out by the computer 2 with respect to all the values 
of gradients So as to obtain a conversion characteristic 16 
with respect to the red color. In the same manner, conversion 
characteristics 16 of blue and green colors. The gradients 
that the Signal 13 is allowed to take may be properly 
Selected So that the conversion characteristic 16 may be 
obtained by using the number of gradients less than all the 
number thereof. 

0050. In the above-mentioned explanation, the conver 
Sion characteristic 16 is obtained by multiplying the nor 
malized target luminance characteristic 9 by the maximum 
luminance of the display characteristic 8 of the liquid crystal 
panel 6. However, the display characteristic 8 of the liquid 
crystal panel 6 may be divided by the maximum luminance, 
and the result may be compared with the normalized target 
luminance characteristic 9 So as to obtain the conversion 
characteristic 16. 

0051 AS described above, in the present preferred 
embodiment, the conversion characteristic is found based 
upon the display characteristic and the desired characteristic, 
therefore, even if there are variations depending on respec 
tive liquid crystal panels 6, it is possible to obtain not only 
the linear-type relationship, but also a predetermined char 
acteristic, and further, a variable desired characteristic, Such 
as a characteristic in which the contrast is emphasized, and 
a characteristic in which noise is omitted from display at 
low-tone. 

0.052 Second Preferred Embodiment 
0.053 FIG. 7 is a block diagram that shows a construction 
of a display characteristic correction System in accordance 
with the second preferred embodiment of the present inven 
tion. The display characteristic correction System is pro 
vided with a liquid crystal display 101 and a means for 
correcting the gray level of the liquid crystal display 101. 

0.054 The liquid crystal display 101 has the same struc 
ture as the liquid crystal display 100 except that a control 
Section 7 is added. The control Section 7 outputs a group of 
digital RGB signals 17 having gradients Specified by a 
control signal 22 from the computer 2 to the LUT memory 
means 5. This process controls the analog/digital conversion 
Section 4 So as to Stop its output. For example, when the 
group of RGB signals 10 that are analog video Signals are 
inputted to the analog/digital conversion Section 4, these are 
converted to a group of digital RGB signal group 18; 
however, in the case when the group of RGB signals 17 have 
been inputted to the LUT memory means 5, the group of 
RGB signals 18 are not inputted to the LUT memory means 
5. Here, the signals 17, 17 and 17, constituting the group 
of RGB signals 17 are signals related to red, green and blue, 
and the same is true for the groups of RGB signals 10 and 
18. 

0.055 The operation relates to the setting of conversion 
characteristics is basically the same as the case indicated by 
the first preferred embodiment. However, with respect to 
means for correcting the gray level of the liquid crystal 
display 101, the present preferred embodiment only requires 
the luminance meter 1 and the computer 2, and does not 
require the Signal Source 3. This is because the group of 
digital signals 17 to be supplied to the LUT memory means 
5 at the time of luminance measurements are generated by 
the control section 7. In the case when the liquid crystal 
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display 101 is normally used, a group of Signals 18 based 
upon a group of externally Supplied Signals 10 are given to 
the LUT memory means 5. 
0056. As described above, in the present preferred 
embodiment, upon measuring the luminance So as to find the 
display characteristic that the liquid crystal panel 6 pos 
Sesses, the input Signal in the digital format is adopted; 
therefore, it is possible to eliminate errors of analog signals 
of their own generated based upon control of the computer 
2, and parasitic noise of these and conversion errors (for 
example, errors in quantization) in the analog/digital con 
version Section 4. Therefore, the display characteristic of the 
liquid crystal panel 6 can be found more accurately, and it 
becomes possible to carry out calculations on the conversion 
characteristic more precisely, and consequently to obtain a 
desired characteristic with high precision. 
0057 While the invention has been shown and described 
in detail, the foregoing description is in all aspects illustra 
tive and not restrictive. It is therefore understood that 
numerous other modifications and variations can be devised 
without departing from the Scope of the invention. 

What is claimed is: 
1. A gray level conversion method, applied to a device 

comprising: 

a conversion Section for obtaining a conversion Signal by 
applying a conversion process to an input signal in 
accordance with a first characteristic, and 

a display element for executing a display with a gray level 
in accordance with a Second characteristic with respect 
to Said value of Said conversion signal, wherein Said 
first characteristic is set by using Said Second charac 
teristic and a third characteristic with respect to Said 
gray level in association with Said input signal, Said 
method comprising the Steps of: 

(a) finding said value of said gray level given by said third 
characteristic in response to Said value of the input 
Signal; 

(b) finding said value of Said conversion signal that gives 
Said value of Said gray level found at Said step (a) in 
accordance with Said Second characteristic, 

(c) setting said first characteristic by making said value of 
Said input signal Set at Said step (a) and said value of the 
conversion signal found at said step (b) associated with 
each other. 

2. The gray level conversion method according to claim 1, 
wherein Said third characteristic is variable. 

3. The gray level conversion method according to claim 2, 
further comprising the Step of 

(d) prior to said step (b), finding said Second characteristic 
by adopting a characteristic that makes Said input Signal 
and Said conversion Signal virtually equal to each other 
as Said first characteristic. 

4. The gray level conversion method according to claim 3, 
wherein Said value of Said input Signal is a digital value in 
said step (d). 

5. The gray level conversion method according to claim 1, 
wherein Said display device is a liquid crystal display. 

6. The gray level conversion method according to claim 5, 
wherein Said gray level is luminance. 
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7. A display device comprising: 

a conversion Section for obtaining a conversion Signal by 
applying a conversion process to an input signal in 
accordance with a first characteristic, and 

a display element for executing a display with a gray level 
in accordance with a Second characteristic with respect 
to Said value of the conversion signal, 

wherein Said first characteristic is externally found and Set 
in Said conversion Section based upon said Second 
characteristic and a third characteristic with respect to 
Said gray level in association with Said input signal. 
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8. The display device according to claim 7, wherein Said 
third characteristic is variable. 

9. The display device according to claim 8, further com 
prising: 

a control Section for generating a digital Signal, Said 
digital Signal and Said input signal being Supplied to 
Said conversion Section exclusively. 

10. The display device according to claim 7, wherein said 
display device is a liquid crystal display. 

11. The display device according to claim 10, wherein 
Said gray level is luminance. 

k k k k k 
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