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Abstract

The color reproduction characteristics of LCD (liquid crystal display) panels are different from those of CRT
(cathode ray tube) displays. This paper describes how the authors measured and analyzed suc
characteristics of LCD panels to develop new methods for compensating the bluish cast found on
conventional LCDs. The first one is a hardware-based technique that employs a LUT (look-up table) and the
second a software-based color management technique utilizing ICC profiles compensating the bluish cast
The authors achieved faithful color reproduction for standard sSRGB with both methods.

Introduction

Many aspects are examined in evaluating the image display characteristics of a liquid crystal display (LCD)
panel, including brightness, viewing angle, contrast, color reproduction, and gamma characteristics.
Subjective evaluations of the color reproductions of LCD panels reveal they have superior rendition of the
blue color system, and are highly rated for their ability to display the blue of the sky, as memory colors

readily recalled by human beings. Nevertheless, an LCD's color reproduction differs from sRGB color

spacé, the standard color space used on the Internet, and thus the color reproductions of LCD panels mus
be made to coincide with the standard sRGB color reproductions. For example, in selling over the Internet
(e-commerce), color matching is important for fashion accessories, home furnishings, and the like. Thus, it
is desirable that LCD panels not only provide pleasing color reproduction, but that they have the capability
to faithfully reproduce standard sRGB color.

We developed two methods to compensate for the unique color reproduction characteristics of LCD panels
to achieve standard color reproduction:

1) Compensate by interposing a hardware look-up table (LUT) between the input image signal and the
display panel, and

2) Compensate using software-based ICC profiles.

The color reproduction characteristics of LCDs and compensation methods for them are described below.

1. Color reproduction characteristics of color LCD panels

It is not surprising that LCD panels have unique color reproduction characteristics which differ from those of
CRT (cathode ray tube) displays, because of the difference in the principles used to disptayigolbr

shows an x-y chromaticity diagram resulting from measuring the color reproduction characteristics of a
typical transmissive TFT color LCD (Sharp LL-T1510A). The color reproduction characteristics were
measured by generating a color patch on the display and using a luminance colorimeter (Topcon BM-5A) to
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blue.

It should also be noted that in the color reproduction characteristics of CRT displays, no chromaticity
variations in varying the input levels occur for the measurement of RGB primary colors or for white, as in
LCDs.



2. Using a LUT (Look-Up Table) to reproduce standard colors

As shown inFig. 2, the standard sRGB color spac
premised on no input-level-dependent achromatic

variations, and thus compensation is required.

color reproduction is based on the principle of adc
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Fig. 6 ICC's calculation flow for monitors.

3x3 inverse matrix and output as RGB signals using the inverse LUT determined from the gamma

characteristics of the LCD panel.

These calculations can be performed in software using readily available color management software (for
example, ICM 2.0 under the Windows 98 OS, or ColorSync on the Macintosh).

3.1 ICC profiles to compensate for the bluish cast of LCD panels

With the exception of header data, ICC profiles
LCDs comprise the data from RGB primary cc
chromaticity points used to calculate the inverse m
in the calculation flow, white chromaticity points, ¢
the inverse LUT shown iRig. 6. Here, the input to tt
inverse LUT is mapped onto the vertical axis, anc
output onto the horizontal axis. Applying t
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ICC profiles are specification files describing the ¢
characteristics of an LCD panel, but this ICC prc
also makes it possible to compensate for the blue sl
the LCD.

3.2 Results of compensation
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space to compare how well color compensatic
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250

/
/

) / / R G
L

0 50 100 150 200 250
OUTPUT

INPUT
m

Fig. 7 Inverse LUT compensating the LCD's characteristics.
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Conclusions

The LUT-based color compensation described in this report can achieve faithful color reproduction for
sRGB and has been applied in sSRGB mode in Sharp LCD color monitors. ICC profiles that compensate for
LCD color characteristics have also been applied in Sharp LCD monitors.

We can look forward to the use of color LCDs capable of reproducing standard colors in fields that require
highly accurate color reproduction, such as printing, design work, and photographic rendering.

Acknowledgments

The authors would like to express their gratitude to Mr. Yasuo Sakata, General Manager, Information
Systems Product Development Center, Information Systems Group, and Mr. Mitsuhiro Hakaridani, Chief of
the Interface Development, System Technology Development Center, Corporate Research and Developmer
Group, for the generous guidance and encouragement received in carrying out this research.

References

1) IEC 61966-2-1, "Multimedia systems and equipment - Colour measurement and management - Part 2-1
Colour management - Default RGB colour space - SRGB" (1999).

2) Y. Okano, "Color Reproductions Varying the Input Level on a Liquid Crystal Display Panel", IS&T/SID's
7th Color Imaging Conference Proceedings, pp. 233-236 (1999).

3) IEC 61966-4, "Colour measurement and management in multimedia systems and equipment - Part 4
Equipment using liquid crystal display panel" (1998).

4) Yukio Okano, Nozomu Shiotani, "The ICC Profiles for a Liquid Crystal Display Panel", The Society of
Photographic Science and Technology of Japan's Fall Meeting Proceedings, pp. 42-43 (2000).

5) Y. Okano, N. Shiotani, "ICC Profiles Compensating the Color Reproductions of Liquid Crystal Display
Panel", IS&T's 2001 PICS Conference Proceedings, pp. 403-406 (2001).

6) Dawn Wallner, "Building ICC Profiles - the Mechanics and Engineering”, pp. 165
(http://www.color.org/iccprofiles.html).

(received May 24, 2001)



