
PSYC 4165: Homework 5 (Color Spaces)
Lew Harvey and Bogdan Petre

15 February 2018

Homework Assignment 5 - 10 Points

Due by 23:30 Friday, 23 February 2018

There are two parts to this homework assignment. Each part counts 5 points. Late homework will receive a
grade of zero. Your homework must be prepared using R markdown language. Use the help file as a template,
changing the date and the author name to your own, of course. Knit your Rmd markdown file to pdf and
upload the pdf file to the course assignment dropbox in Canvas by the deadline indicated above.

Part 1

Two colors are each matched (have identical appearance) by the following color-equations using the C.I.E.
Tristimulus X, Y, and Z primaries:

c1 ≡ 55 X + 30 Y + 15 Z

c2 ≡ 10 X + 38 Y + 52 Z

These C.I.E. Tristimulus values for c1 and c2 are shown again in Table 1:

Table 1: Tristimulus values X, Y, and Z for two colors: c1 and c2.

X Y Z
c1 55 30 15
c2 10 38 52

The equations for computing the C.I.E. chromaticity values (lower case x, y and z) are:

x = X

X + Y + Z

y = Y

X + Y + Z

z = Z

X + Y + Z

Compute the chromaticity coordinates of each color (small x, y, and z). Construct a chromaticity graph
by plotting x-chromaticity against y-chromaticity (make the axis scales go from 0 to 1). Include the C.I.E.
1931 Spectral Locus in the graph (Hint: you can install the R package SpecHelpers and use the data frame
CIExyz with the polygon() command). The code for drawing the chromaticity is included in the help folder.

Compare the chromaticity of the two colors: Are they the same or different? How do they differ? Finally,
what C.I.E. primaries X, Y, and Z, will match the color c3 produced when c1 is added to c2? Plot c3 on your
chromaticity graph. Where does c3 lie in relation to c1 and c2?
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C.I.E. Chromaticity Diagram
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Figure 1: C.I.E. Chromaticity space with colors c1 and c2. Color c3 is the mixture of c1 and c2. Notice that
all three fall on a straight line. The solid blue line is the 1931 C.I.E. Spectral Locus. The D65 point is the
position of equal-energy white.

Your graph should look like Figure 1 with c1, c2, and c3 data points added. Compare the chromaticity of the
two colors: Are they the same or different? How do they differ? Finally, what C.I.E. primaries X, Y, and Z,
will match the color c3 produced when c1 is added to c2? Plot c3 on your chromaticity graph. Where does c3
lie in relation to c1 and c2?

Part 2

Stage 3 of the color vision model creates two chromatic opponent processes that determine color appearance:
a red/green and yellow/blue channels. These processes receive input from the three types of cones. The Stage
3 chromatic processes are approximated by these two equations from Brainard and Stockman (2010) and
Stockman and Brainard (2010):

rg = 1.86L − 2.90M + S

yb = 3.24L − 2.21M − S

where L, M, and S are the activity of the long, medium, and short wavelength cone types in response to
light. A positive response from the rg mechanism signals a red experience; a negative response signals a green
experience. A zero response means that the color experience is neither red nor green (neutral point). In the
same manner, a positive response from the yb mechanism signals a yellow experience, a negative response a
blue experience, and a zero response is neither yellow or blue (neural point).
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Figure 2: The red-green, yellow-blue opponent-process color appearance space.

Each of the colors, c1, c2, and c3 from Part 1 cause the three types of cone receptors (L, M, and S) to be
activated. In the table below are given the receptor activation caused by c1 and c2. This activation is the
output of Stage 1 of the three-stage model of color appearance.

Table 2: L-, M-, and S-cone receptor signals elicited by two different
colors, c1 and c2.

L M S
c1 50.8 12.3 15.3
c2 15.2 57.8 51.7

Using the rg and yb opponent process equations above, compute the perceived color of c1 and of c2. Plot
these colors as points in a 2D opponent-process color space with rg on the abscissa and yb on the ordinate.
Scale the axes so that they each cover the range from -100 to +100. Make your graph square. It should look
like Figure 2, with your data added. The help folder has the code that creates Figure 2.

Compute the color appearance of the color, c3, which was created by adding c1 and c2 cone signals (hint: the
corresponding cone signals of each color add). Plot this new color in the color space. How does adding two
color appearances differ from your results in Part 1? Are colors c1 and c2 complimentary colors? Why or
why not?
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