MTMNG IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 286 (2017) 012014 doi:10.1088/1757-899X/286/1/012014

Evaluation of parameters of color profile models of LCD and
LED screens

I O Zharinov! and O O Zharinov?

! Department of Computer Design of On-Board Computer Equipment, Saint Petersburg
National Research University of Information Technologies, Mechanics and Optics, 49,
Kronverksky ave., Saint Petersburg, 197101, Russia

2 Department of Problem-Oriented Computing Complexes, Saint Petersburg State
University of Aerospace Instrumentation, 69, Bolshaya Morskaia str., Saint Petersburg,
190000, Russia

E-mail: mpbva@mail.ru

Abstract. The purpose of the research relates to the problem of parametric identification of the
color profile model of LCD (liquid crystal display) and LED (light emitting diode) screens. The
color profile model of a screen is based on the Grassmann’s Law of additive color mixture.
Mathematically the problem is to evaluate unknown parameters (numerical coefficients) of the
matrix transformation between different color spaces. Several methods of evaluation of these
screen profile coefficients were developed. These methods are based either on processing of
some colorimetric measurements or on processing of technical documentation data.

1. Introduction

The luminescence color of each screen pixel is programmed with the code RGB (R — Red, G — Green, B
— Blue) each component of the code defines desirable luminescence intensity of red, green and blue
respectively [1]. Mathematical description of color profile of a screen is defined with the screen profile
coefficients (SPC) X, Xg, Xb, Yr, Yg, Yo, Zr, Zg, Zo. The screen profile matrix binds the values of the RGB

code and the color coordinate values XYZ of the image shown on the screen [2]:
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The color gamut of the screen based on three-component color formation principle is approximated
by the triangle on either xy- or u’v’-chromaticity diagram. The CIE (International Commission on

Illumination) introduced the following formulae to translate from the color coordinates system XYZ to
the (x,y)- or (u’,v’)-chromaticity coordinates system [2]:
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The screen manufacturers do not specify the numerical values of the screen profile coefficients X,

Xgy Xo, Yr, Yo, Yo, Zr, Zg, Zy in the technical documentation. Thus, a technique of evaluation of these
values is necessary.

2. Color spaces transformation

Basically all mathematical expressions which are used to compute the evaluations of the SPC contain
the basic conversions (1), (2), which bind the color coordinate values of the different color spaces. The
figure 1 shows the color space transformation general rules which are essential to evaluate the SPC.
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Figure 1. The color space transformation rules.

The following methods are proposed to compute the evaluations of the SPC:

- on the basis of colorimetric computations using data of manufacturer’s technical documentation;

- on the basis of colorimetric experiments using the measuring instruments which allow to obtain the
chromaticity coordinate values in different color spaces [3-5].

3. The evaluation of the SPC using the xy plane technical documentation data

Usually manufacturer specifies in the technical documentation some values of chromaticity coordinates
on the xy chromaticity diagram, namely coordinates (Xr,yr), (Xa,Yc), (Xs,ys) Of vertices of the color
triangle, and also chromaticity coordinates of the white point (xw,yw). There is the way to obtain SPC
values via these data by solving the following equations:

Xy (X, 4V, +2,)= X
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The system (3) contains eight equations and nine variables: X, , Y, X,, Y,, X,, Y,, Z,, Z,, Z,.
To solve the simultaneous (3) we need to use the ninth equation:

\fr+\fg+\fb=1, 4

which describes the screen white color balance.
The joint solution formula of the equations (3) and (4) may be presented as:
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4. The evaluation of the SPC using the plane u’v’ technical documentation data
The chromaticity coordinate values (U’r,V’r), (U’c,V’c), (U’s,v’8) Of the triangle color gamut vertices in
the red R, green G and blue B colors respectively and also the chromaticity coordinate values (u’w,v’w)
of the screen white point which the manufacturer specifies in the technical documentation are the initial
data to evaluate the SPC. In this case the evaluations of the SPC may be presented as:
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5. The evaluation of the SPC using the measurement results obtained in the xy parameters
When the manufacturer does not specify the chromaticity coordinates (Xr,yr), (Xa,Ys), (Xs,ys) Of the
triangle color gamut vertices and the chromaticity coordinates (xw,yw) of the white point in the screen
technical documentation the evaluations of the SPC can be obtained by the experimental measurements
of the screen colorimetric features in the parameters of the color plane xy. In this case the evaluations of
the SPC may be presented as:
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ds =BsYs, g =(Re—=G;)(1-¥;), dis=(Rs—B;)(1-V5), de=RyYs, de =Gy¥s, dgg =By,
d,=R,(1-x,), d,=G,(1-%,), d;=B,(1-%), d,=x%(R-G,), ds=x(R,—B,),
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dss =(R, =B, )(1-V,), dgs =R,Y,, dg; =G,Y,, dg =B,Y,.

6. The evaluation of the SPC using the measurement results obtained in the u’v’ parameters
In this case the evaluations of the SPC must be presented as:
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where: Y, =1-Y, -Y,, d,=R(4-1,), d,=G,(4-u), d,=B(4-u), d,=150(R -G,),
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dy=(R,—G,)(9-15v,), dis=(R,—B,)(9-15v,), dis=3RY,, d,;=3Gy,, d,;=3B,,
dy =R,(4-1;), dy=G,(4-u;), dy=B;(4-uy), dg =150;(R,—G,), dg =1505(R,—B),
dgs =—3U;R;, dyy =—3U,G;, dgy =—3U;B;, dg; =R;, dy, =GyV;, dgy =BV, dy, =(R, —G;)(9-15V; )
, O =(Ry = B,)(9-15V;), dgs =3Ry;, dg; =3G,V;, dy =3Byy;, dyy =R, (4-u,), d7, =G, (4-u,),
dyy=B,(4-u,), dy=15U,(R,—-G,), dys=150,(R,—B,), d;=-3uR,, d,=-3UG,,
dyg =—3U,B,, dyy =R,V;, dy, =GV, g =By, dy, =(R, —G,)(9-15V, ), dys =(R, - B,)(9-15v, ),
dgs =3R,V,, dy, =3G,v,.

7. The evaluation of the SPC based on the measurement results obtained in the XYZ parameters

Some colorimetric measurement instruments allow obtaining coordinates in the color space XYZ. Using
such instruments, the evaluation of the SPC may be presented as:
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8. The evaluation of the SPC using the measurement results obtained in the color space Yxy
parameters

Some colorimetric measurement instruments allow obtaining coordinates in the color space Yxy. Using
such instruments one can evaluate the SPC as follows:

X1 TR o6, B 0 0 0 0 0 O Yx/y
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9. The evaluation of the SPC using the measurement results obtained in the color space Yu’v’
parameters
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Some colorimetric measurement instruments allow us to obtain coordinates in the color space Yu’v’. In
this case, to evaluate the SPC three colors encoded as RiGiB1, R2G2B2, R3GsBs must be projected

randomly on the screen and then the respective coordinate values (Y,,u;.V;),(Y, .Uy .V ).(Ys0U5.V5 )
measurements must be obtained. The evaluation of the SPC must be presented as:
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10. Conclusion
There are several different methods of evaluation of screen profile coefficients of either LCD or LED
display. The choice of computation method of the SPC depends on availability and features of
colorimetric instruments [6-10].

The mathematical method computational complexity which is applied for all mentioned above
methods to evaluate the screen profile coefficients is practically equal. Obtained results may be used by
engineers who are designing modern indication equipment based on LCD- or LED-panels.

References

[1] LeeB-S,BalaR, Sharma G 2007 Journal of Electronic Imaging 4 1-13

[2] Ibraheem N A, Hasan M M, Khan R Z and Mishra P K 2012 ARPN Journal of science and
technology 3 265-275

[3] Menesatti P, Angelini C, Pallottino F, Antonucci F, Aguzzi Y and Costa C 2012 Sensors 12 7063-
79

[4] Chhajed S, XiY, Li Y-L, Gessmann Th and Schubert E F 2005 Journal of applied physics 5 1-8

[5] Kostishin M O, Shukalov A V, Zharinov | O, Zharinov O O and Ershov A N 2016 Indian Journal
of Science and Technology 29 99451

[6] HuangW, LiJ-M, Yang L-M, Jin Zh-L, Zhong Zh-G and Liu Y 2011 Optics & Laser technology
43 214-217

[71 Zargaryants G S, Mikhailov O M 2008 Light & Engineering 3 69-77

[8] ChiuT-L, Lee J-H 2010 Optics communications 283 373-378

[9] Hernandez-Andres J, Lee R L, Romero Jr and Romero J 1999 Applied optics 27 5703-09

[10] Wang Ch-Fu, Tang Ch-W, Huang B-J 2010 IEEE Trans. on power electronic 2 417-428



