
PSYC 4165: Homework 5 (Color Spaces)
Lew Harvey and Shannon McKnight

29 September 2017

Homework Assignment 5 - 10 Points

Due by 23:30 Friday, 6 October 2017

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 Dropbox in D2L 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 ≡ 2 X + 2 Y + 6 Z

C2 ≡ 1 X + 8 Y + 1 Z

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). 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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Part 2

There are three perceptual processes in color vision: two chromatic channels and one achromatic (luminance)
channel. These three processes receive input from the three types of cones. The three processes are
approximated by these three equations from Werner and Wooten (1979):

rg = +0.45 · S − 2.79 · M + 1.89 · L

yb = −1.72 · S + 0.22 · M + 0.85 · L

lu = +0.015 · S + 0.15 · M + 0.85 · L

where S, M, and L are the activity of the short, medium, and long 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).

For the Part 2 assignment, you will calculate the color appearance of colors. Assume that the two colors
below activate the cones by the following amounts:

Table 1: S-, M-, and L-cone receptor signals elicited by two different
colors, C4 and C5

S_Cone M_Cone L_Cone
C4 0.2 22 14.8
C5 13.0 3 20.0

Using the rg and yb opponent process equations above, compute the perceived color of C4 and of C5. 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 -50 to +50. Make your graph square.

Compute the color appearance of a new color, C6, which is created by adding C4 and C5 (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?
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