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ABSTRACT

This paper presentsa SWOT analysis of the vision
aid R&D projects that can help abnormal color vision
drivers while suggesting a prototype. Creatingunique and
satisfying user experiences are becoming the focus of
products and digital user interfaces are a big part of this
deliver. Digital interfaces grow in complexity, quantity and
customization: Graphical User Interfaces (GUI) will
become standard features for cars alloverthe world while
about 200 million individuals are born as Color Vision
Deficient (CVD). An introduction to critical concepts for
understanding the Abnormal Color Vision (ACV) condition
is done while six R&D projects aimed at helping CVD
individuals are analyzed as to better understand how to
bring these innovations to the automotive industry for
applications on improving a Abnormal Color Deficient
(ACD) driver’'s UX. Thus, to provide freedom of
movement and comfort to the CVD driver, an optimal
prototype concept is suggested in orderto accessthese UX
challenges.

INTRODUCTION

User experience (UX) has become an important
topic in the automotive industry and its meaning may be
shunned by how often thetermis used.

Thankfully, Hassenzahl and Tractinsky (2006)
brought to light that UX is related to three major fronts:
addressing human needs beyond the instrumental, providing
aid to the user’s emotional state and the combination ofth e
time and the situation in which the experience happens.
Research Kun, Boll and Schmidt (2016) indicate that
further developments in Advanced Driver-Assistance
Systems (ADAS) directly affects drivers’ behavior inside
the system, more actions are available to the driver as
automation levels up (Table 1).

Table 1. Levels of automation and expected secondary tasks. Adaptation of
table from Kun etal. (2016).

throughadigital transformation process, atransformation
in a scale described by Vial (2019).

We are beyond passingatime in which automotive HMIs
are restricted to infotainment systems, HMIs will be needed
to interact with most of, if not all, functionsof any means
of transportation.

However, HMIs, such as Graphical User Interfaces
(GUI), assume certain lewels of contrast and range of
colors for user usability when about 200 million
individuals (MACHADO, OLIVEIRA AND
FERNANDES, 2009) haw difficulties processing
information through color: these are Color Vision
Deficient (CVD) individuals.

About 8% of caucasian males (SHARPE, STOCKMAN,
AGLE, AND NATHANS, 1999) are afflicted by Abnormal
Color Vision (ACV) along with otherethnicitiesas shown
in Table 2 and arecent research pipelinewith participation
of middle-aged individuals (JAFARZADEHPUR ET AL.,
2014) indicates that CVD may be acquired with age.

Table 2. Red-green ACV among different ethnic groups from [5]

Ethnic Groups Incidence of red-green CVD (%)
Male Female
Caucasians 7.9 0.42
Asians 4.2 0.48
Africans 2.6 0.54

Level Description BExample of
expected
secondary task
0 Carhasno Radio listening
automation
1 Driver in pedalor Same as level 0
steering wheel
2 Driver away from Time-limited
pedalorsteering reading
wheel
3 Fully autonomous | Watching movies
driving fortime
periods
4 Fully autonomous Sleeping
driving

Thus, Human-Machine Interfaces (HMI) must
increase in quantity and quality in order to take full
advantage of these secondary actions in a world going

These 200 million individuals, that have always
presented restraints (COLE, 2004) due to their physical
conditions, could be more inhibited than ever when their
daily commute experiences become boundto the usage of
colorful and yet not empathetic designs of automotive
GUIs.

Finally, this paper focus on answering two questions in the
presented context:

Question 1: How a research and dewelopment
has contributed to better UX journeys for CVD
drivers?

Question 2: What Minimal Viable Product
(MVP) prototype could further contribute to
CVD driwers?

This paper is organized as follows: Key Color
Vision Concepts Section describes key concepts for
understandinga CVD condition, Methodology and Results
Sections answer the Question 1 while the Conclusion
Section presents a prototype suggestion and a
conclusiontoanswer Question 2.

KEY COLOR VISION CONCEPTS

Normal human color vision is due to three different
types of photoreceptor cells called cones:L,Mand S. Each
cone coversapartofthe visible spectrumwhereas L is for
larger, M for medium and S for shorter wavelength
(GEGENFURTNER, KARL, AND KIPER, 2003).
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Each cone is defined by the type of photopigment it
contains and three photopigments constitute the human
vision. Thus, normally, we have trichromaticcolor vision.

However, natural variations of proteins in a
photopigment may cause a shift in sensitivity to light:
individuals with such conditions are bearers anomalous

trichromacy.

In this case, color perception varies greatly and can be
further classified in three subcases of anomalous
trichromacy (Figure 1):

e Protanomaly: red-weak anomalous

trichromacy.

e Deuteranomaly: green-weakanomalous
trichromacy.

e Tritanomaly: blue-weak anomalous
trichromacy.

There are cases in which Machadoet al. (2009) a
photopigment is missing. Individuals in such condition
have dichromacy, capable of recognizing only two
photopigments. Dichromacy, just like trichromacy, is
further classified as (Figure 2):

e Protanomaly: dichromacyin which there
areno red cones.

e Deuteranomaly: dichromacy in which
there are no green cones.

e Tritanomaly: dichromacy in which there
are no blue cones.

There are severe cases of ACV in which only one
photopigment exists or there are no photopigments. These
cases are classified as monochromacy. Bearers of such
conditionmay have symptoms suchas abnormal sensitivity
to light and abnormal eye movement (YEE ET AL., 1981).

ACV simulation (Figure 2) was done through the
usage of the colorspacious library (SMITH, 2020) which
applies the physiologically-based colorsimulation model
developed by Machado et al. (2009).

Cone
(one photopigment only)
Monochromacy
Rod
(no photopigment at all)

Protanopia
Color
Vision Dichromacy Deuteranopia
Deficiency

Tritanopia

Protanomaly
Anomalous Trichromacy { Deuteranomaly
Tritanomaly

Figure 1. Mental map of ACV types.
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Figure 2. Color comparison between original image and CVD view simulation through colorspacious (SMITH, 2020) using the physiologically-based model
from Machado et al. (2009). Numbers | to 11l are anomalous trichromacy cases while IV to VI are dichromacy cases. Up from left to right: tritanomaly,
protanomaly and deuteranomaly. Down from left to right: tritanopia, protanopia and deuteranopia.

METHODOLOGY

The first step of the work consisted in
bibliographic research focused on basic concepts of ACVin
orderto furtherunderstand the phenomena.

Thereafter, sixconcepts have beenchosen by the
authorsin orderto analyze the Research & Development
(R&D) ecosystemforsolutions focused on providing direct
or indirect benefits to CVD drivers.

Finally, a Strength, Weakness, Opportunities and
Threats (SWOT)analysis wasdone inorder to guide the
analysis towards a prototype concept that could take
advantage of strengths and opportunities while avoiding
threats and weaknesses.

RESULTS

Among the six concepts chosen for evaluation
as to answers for Question 1, we found that: Nufiez, J.
R., Anderton, C.R., and Renslow (2018) developeda code
library which uses physiologically-based models developed
by Sharpeetal. (1999) to convert colormaps, matrix

structures used for converting thecolor range ofan image,
to a safe spectrumoflight determined by the type of CVD
being input, colormap conversionis available for
deuteranomaly, protanomaly and tritanomaly.

Jenny and Kelso (2007) developed another
software application. However, thisoneis focused on
Computer Aided Design (CAD). Color Oracle, as named in
the article, is a software solution thatgives thedesigneran
instantfeedback on CVDs interpretationofthe work at
hand throughsnapshotimages, these project images are
processedto simulate a CVD perspective andthen the
processedimage is displayed tothe user. Still in the
software domain, Igbal et al. (2018) bring an application to
the mobile platform: an operational systemfriendly to color
vision deficient users of different types.

Meanwhile, Tanuwidjaja et al. (2014) develop a
software platformbased on Google Glasses for adapting the
scene-view based on the type of ACVofthe user. Kimet
al. (2007) too takes advantage of portability to create a
systemcapable of identifying traffic signals andalerting a
CVD driveraboutthe currenttraffic signal state.
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Rigden (1999) focuses on giving web-designers
advice on how contemplate bearers of ACVin theirworks
throughthecolor pallet files foreach case of the deficiency
while providing adviceon howto usetext and contrast to
reduce any noise in the visual communication. These were
sixexamples of how R&D is acatalyst for technologies
innovating for CVD individuals (sixanswers to Question
1).

Atlast,a SWOT analysis worked through
categorizing positive and negativesides of the R&D
ecosystemfocused on solutions forabnormal color vision
users:

e Strengths

o ACVisawidely researched phenomenonin
medical literature (S1).

o ACQCV researchdatais widely available on the
internet (S2).

o Code libraries from ACV applications are
available in open source licenses, probably
due to the potential health breakthroughs that
may be achieved fromsuch projects (S3).

o Augmentedreality technologies will bring
great solutions for CVD (S4).

o Weaknesses

o Solutionsto individuals with ACVdo not
seemto be widely funded by private
corporations (W1).

o Lack of product development requirements for
AVC users (W2).

o Hardware for physical prototypesis very
expensive andit doesnothaveadequate
specifications for real-time applications (W 3).

e  Opportunities

o Developmentof models forsimulation and
interpretation of ACV with likelihood to real
life information processing through colors
(01).

o Assessingappropriate user experience
journeys for CVD customers using UX
concepts (02).

o CVD-focused concepts and prototypes create
new business opportunities in the automotive
sector, including patents. (O3).

o ACVindividualsrange fromall kinds of
ethnicity, social status and other
characteristics due to its genetic origin (O4).

e Threats

o Noneofthe R&D projects in this research
were origin to a profitable product for CVD
clients in the automotive business (T1).

o Government regulations may restrict the
commercial use ofsome solutions (T2).

o Toprovide a cost-efficient solutionforsucha
niche market becomes a challenge due to the

highly competitiveenvironment ofthe
automotive business (T3).

S1 and S2 allows for proper data gatheringwhen it
comes to understanding how CVD occurs in the majority of
caseswhile S3and S4combined appearto be the future
permanent solution forissues caused by being unable to
properly get informationfromcolor.

Unfortunately, S4 or S3 alone won’t solve the
problemand in orderfor both conditions tobe in place W2
and W3 must already be solved.

In otherwords, algorithms for image processing
require a lot of processing power(S3) and practical
wearable devices capable of augmented reality (S4) with
such capabilities are stillathing ofthe future (W2and W3).

Even with ACV being awidely known permanent
conditionthataffects and will affect a big and diverse
number of individuals fromdifferent races, socialand
economic backgrounds (O4), oddly enough, no privately
funded prototypes were found by this research (W 1).

While severe cases dichromatic color vision
simulation are well covered othertypes of ACVcolor
vision simulation donotget the same attention (O1) and
any development in concepts thatdampen CVDs issues
could be applied for companies’ employees or to its clients
(02).

Instead ofthinking only about solving color issues
that might arise on the whole client UX journey, an
example would be to focus oncreating empathetic design
and engineer practices concerning CVD drivers in the
automotivebusiness.

AstoW1land W2, thesemake innovationin the
discussed context quite easier since there is a lack of
competition (03).

Finally, such a highly competitive and regulated
industrysuchas the automotiveone (W2andW3) require a
scalable solution with low-costprototyping in order to be as
cost-effective as possible due to T1.

A scalable, low-cost prototyping solution that is
capable of being developed without being buried by
regulation and expensive hardware while benefitting from
open source technology available is certainlya pure
software solution.

Pure software solutions can be malleable in
magnitude and be targeted at a diverseaudience that could
even go furtherthenonly CVDs that havea driver’s license.

CONCLUSION

Eventhough CVDis awidely researched
phenomenon, CVD drivers stillhave their best moments to
come since no major concepts focused ontheir necessities
seemto be gettingto themany sooner. Howeer, pure
software prototypes hawe the edge when it comes to
adding new features onan already existing platformat a
low-cost prototyping with diverse project scope and,
thus, are the answer of Question 2.



AEA — Brazilian Society of Automotive Engineering - SIMEA 2021

Prototypes using pure software seemto be ideal
when it comes to starting atrend providing a user with
AVC aUX journey that contemplates their deficiencies and
such puresoftware prototype could either be targeted at
engineers and designers, craftsman of this journey, or at the
end CVDs themselves.

Developing products designed for people with
disabilities is importantto achieve a more justand equal
society. This is also partofthe United Nations Sustainable
DevelopmentGoals, being represented by the goals Reduce
Inequalities (#10) and Sustainable Cities and Communities
(#11).

Future research must consider the feasibility of
including differentcolor palette configurations inside HM s
developedorusedin the product cycle plan of automotive
businesses.
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