The CIE Chromaticity Diagram, Programming Assignment, last revised on 7/9/2007

Supplement to Chapter 2 of The Science of Digital Media — Digital
Image Representation

Programming Exercise — Digital Imaging > The CIE Chromaticity
Diagram?

Introduction:

The CIE chromaticity diagram is an abstract 2D space where it is possible to
map all color gamuts. Given below are values for the X and Y coordinates on
the diagram.?

X =
[0.1756,0.1752,0.1748,0.1745,0.1741,0.1740,0.1738,0.1736,0.1733,0.1730,0.1726,0.1721,0
.1714,0.1703,0.1689,0.1669,0.1644,0.1611,0.1566,0.1510,0.1440,0.1355,0.1241,0.1096,0.0
913,0.0687,0.0454,0.0235,0.0082,0.0039,0.0139,0.0389,0.0743,0.1142,0.1547,0.1929,0.22
96,0.2658,0.3016,0.3374,0.3731,0.4087,0.4441,0.4788,0.5125,0.5448,0.5752,0.6029,0.627
0,0.6482,0.6658,0.6801,0.6915,0.7006,0.7079,0.7140,0.7190,0.7230,0.7260,0.7283,0.7300,
0.7311,0.7320,0.7327,0.7334,0.7340,0.7344,0.7346,0.7347,0.7347,0.7347,0.7347,0.7347,0.
7347,0.7347,0.7347,0.7347,0.7347,0.7347,0.7347,0.7347,0.7347,0.7347,0.7347,0.7347,0.7
347,0.7347,0.7347,0.7347,0.7347,0.7347,0.7347,0.7347,0.7347,0.7347];

Y =
[0.0053,0.0053,0.0052,0.0052,0.0050,0.0050,0.0049,0.0049,0.0048,0.0048,0.0048,0.0048,0
.0051,0.0058,0.0069,0.0086,0.0109,0.0138,0.0177,0.0227,0.0297,0.0399,0.0578,0.0868,0.1
327,0.2007,0.2950,0.4127,0.5384,0.6548,0.7502,0.8120,0.8338,0.8262,0.8059,0.7816,0.75
43,0.7243,0.6923,0.6588,0.6245,0.5896,0.5547,0.5202,0.4866,0.4544,0.4242,0.3965,0.372
5,0.3514,0.3340,0.3197,0.3083,0.2993 ,0.2920,0.2859,0.2809,0.2769,0.2740,0.2717,0.2700
,0.2689,0.2680 ,0.2673,0.2666,0.2660,0.2656,0.2654,0.2653,0.2653,0.2653,0.2653,0.2653,
0.2653,0.2653,0.2653,0.2653,0.2653,0.2653,0.2653,0.2653,0.2653,0.2653,0.2653,0.2653,0.
2653,0.2653,0.2653,0.2653,0.2653,0.2653,0.2653,0.2653,0.2653,0.2653];

You can use these values to graph the CIE color space, project it onto the
X+Y+Z=1 plane, and trace the "horseshoe" shape of the diagram onto this
plane. You can then put the colors into this diagram using the
transformation matrix below to get the RGB gamut:

R 324 -154 -050| X
G|={-097 188 0.04 |Y
B 0.06 -020 106 |Z

This material is based on work supported by the National Science Foundation under
Grant No. DUE-0340969. This worksheet was written by Jennifer Burg.

2The X and Y coordinates given here were derived from values for the color matching
experiments that yield functions x(1), y(L), and z(X). If you do an online search, you
can find values for these functions. At the time of the writing of this worksheet, we
found values for x(1), y(A), and z(}) at http://cvrl.ioo.ucl.ac.uk/. We used the Stiles
and Burch 1931 2-degree values. See the mathematical modeling execise on the
CIE Chromaticity Diagram and XYZ Color for details on how to project x(), y(1), and
z(A) onto the X+Y+Z = 1 plane, yielding the values above.



http://cvrl.ioo.ucl.ac.uk/
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These X and Y values, taken together, are points on the XY plane that draw
the shape of the CIE chromaticity diagram.

Assignment
Write a program that creates a 300 x 300 pixel image of the CIE chromaticity
diagram. Use the values given above to draw the horseshoe shape. Close it

off at the bottom with a straight line.

Put the RGB gamut colors on this diagram using the transformation matrix
above.
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