A Guide to Vibrant Transit Lines

ABSTRACT

Transit maps are a useful tool in navigating transportation. Despite its necessity, many
maps, including the FSU bus system, are difficult to read and especially inaccessible to
those with color vision deficiencies. As a result, we produce a program that can
dynamically generate a set of colors. Our program generates n colors that are different
from each other; these colors are different for both the average population as well as for
colorblind individuals. To produce an optimal set of colors, we used a perceptually
uniform color space, Oklab, to accurately maximize the minimum Euclidean distance
between any two colors from the set of colors for those with deuteranopia. After
accounting for a common color vision deficiency, we further optimize our color set for
normal vision and then integrate our color generating program into a functional
website, giving users the opportunity to interact with our code. When we compare our
program’s generated colors to FSU’s transit map, we perceive a noticeable improvement
in color contrasts.

METHODS

« Oklab is a perceptually uniform color space that allows us to accurately calculate the
Euclidean distance between two colors so that we can determine how “different” the
colors are from each other. In order to utilize this color space, we must first convert
the colors from the most commonly used color space: sSRGB. We do this through
implementing conversions from sRGB to sRGB-1 to linear RGB [1], and finally to
OKklab [2] using JavaScript:
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« Because we also want to better accommodate people with color vision deficiency
(CVD), we need to be able to represent what a colorblind person might see when
viewing our set of colors. A simulation was performed [3] where they constructed
matrices that translate colors from a linear RGB color space to an interpretation of
how those with varying degrees of color vision deficiency sees color. The matrix
found for representing colors for deuteranomaly, the most common form of CVD, at
100% severity is:

0.367322 0.860646 —0.227968
CVD = | 0.280085 0.672501 0.047413 |.
—0.01182 0.04294  0.9638881

Using this matrix, we can determine the color that people with deuteranomaly see by
multiplying the matrix with the original color. When the colors are in the right color
space, we can generate and calculate the optimal set of colors.

« To generate n colors that are as perceptually apart as possible from each other, we
utilize a greedy randomized adaptive search procedure (GRASP) to heuristically
choose colors that have a large Euclidean distance from one another for those with
deuteranomaly CVD [4]. Once optimized for CVD, we search along the null space of
the color CVD matrix to further optimize the set of colors for standard vision,
allowing us to accommodate those with vision deficiencies while still improving how
the average population sees out color sets. The null space is given by:
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Figure 1: FSU Bus Lines vs Generated Colors
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Figure 2: Euclidean Distances of Transit Maps

Average Distance Minimum Minimum CVD
Between All Colors Distance Between Distance Between 2

Map (# of Lines)

2 Colors Colors
FSU Bus Map (7) 47.0517 13.8039 6.1845
Generated Colors (7) 50.6534 23.9476 22.4284
Washington DC Metro 43.4705 22.6185 8.04565
(6)
Chicago Transit (8) 51.7261 20.3605 5.6116
Los Angeles Metro (7) 47.3145 19.0499 13.1755
Lisbon (4) 52.0967 24.2662 17.2774

RESULTS

By using our program to generate the same number of colors that the FSU bus system has, we have
observed improvements in the minimum Euclidean distance between any two colors, the average
Euclidean distance between all colors, and the minimum Euclidean distance between any two
colors from a deuteranopia colorblind perspective. In Figure 1, the set of colors on the left
represents FSU’s current bus map colors from the perspective of average vision compared to
deuteranopia while the right side represents one set of colors our website generated. It’s visibly
evident that it is easier to differentiate between colors using our generated set both for average and
deuteranopia vision.

We quantified these results in Figure 2, by calculating the Euclidean distances between all colors in
the set using the Python library Colorspacious [5], where the larger the distance, the more different
the colors are. When comparing our set’s distances to not only FSU’s bus map but to other widely
used transit maps from major cities, we observe a noticeable improvement in the measurements,
especially for color vision deficiency.

Additionally, we created a website that showcases our research findings. The website is hosted on
GitHub, which allows us to easily collaborate and share our work with others. Through the website,
visitors can learn about our methodology and generate colors themselves.
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CONCLUSION

Altering transit map line colors can make a significant improvement in the legibility of
the map, especially for people with color vision deficiency. Our research has shown that
by verifying the Euclidean distances of all colors in a color set within a perceptually
uniform color space, we can optimize the colors to have greater contrast and visibility for
a more diverse population of people.

« Moving forward, we aim to improve our program by increasing the accuracy of our
CVD calculations and enhance the methods we use to calculate distances between
colors.

* An issue with our current CVD matrix is that it contains negative numbers, meaning
that it is possible for us to calculate a negative value in a color, which lies outside the
color space. Because of this issue, there have been other, more complicated, methods
developed to convert colors to a CVD simulated color space that we could adopt.

« In addition, we can improve our calculations by choosing to use a color space that
more accurately replicates human vision. Although Oklab is both perceptually
uniform and easy to use, further research on colors have led people to develop more
accurate and uniform systems.

« We also aspire to enhance our website's user experience by incorporating more
features that can better accommodate their needs. Some examples of features to add
are allowing the user to choose some of their own colors instead of our program
generating the whole set of colors from scratch and extracting the line colors from a
user uploaded image of a subway map.

Overall, improving transit map line colors requires careful consideration of user needs
and preferences, as well as a thorough understanding of color theory and accessibility
guidelines. By adhering to best practices for color selection and design, transit systems
can create maps that are more user-friendly and accessible to all passengers.
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