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[Abstract]

Colorblind people, who take up about 8% of the world's population, have a problem in distinguishing colors because of
physical handicap. The domestic navigation apps have 28.96 million users, and most of them are developed for ordinary people.
Therefore, it is necessary to study how to present the same information for colorblind people when using navigation apps as
ordinary people by universal color design. This study aims to analyze the color information of the four navigation app interfaces
with the largest number of users in China and Korea. The visual simulator is then used to analyze color problems for the color
blindness. The results show that the most difficult part for colorblind people is how to distinguish route, departure icon and arrival
icon and other problems such as background confusion. Therefore, the improvement plan can be presented for colorblind people
from the perspective of color improvement in the navigation application interface. As a result, the universal color design on

navigation application interface is used for all kinds of people.
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Table 1. The proportion of worldwide colorblind people

Proportion (%)
Categories
Male Female
Red Color Blindness 2.0 0.04
Green Color 6.0 0.045
Blindness
BlueerIIow Color 0.01 0.01
Blindness
Total Color Blindness 0.005 0.005
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Table 2. The categories of colorblind people

. Red Color Green Color | Blue_Yellow
Categories : : Color
Blindness Blindness )
Blindness
abnormal Primary Color Secondary Tertiary Color
trichromatic Weakness  |Color Weakness| Weakness
vision (L Cone (M Cone (S Cone
Disorder) Disorder) Disorder)
abnormal First Color Second Color Third Color
dichromatic Blindness Blindness Blindness
vision (No L Cone (No M Cone (No S Cone
Disorder) Disorder) Disorder)
Monochromatic Total Color Blindness
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Table 3. References sorting and analysis

Researc Sl
hers content
(year)
Research on the Development of Color Arrangement
Models for Color Blindness — Industrial Safety Signage
son, mo from the Perspective of Color Universal Design
-a When the color matching over three categories in the
(2016) industrial safety signage, color blindness may not tell
the colors because of low contrast. Therefore, the
brightness should be adjusted
A Study on the Improvement Measures for Safety
song Color from Standpoint of Universal Design
young - - —
min In the color matching of traffic safety facilities, a
(2018) proposal was made on the mixing method of color
and shape, color and text
Protan colour vision deficiency and road accidents
Cole The signal perception sequence for red—green color
(2002) blanness and red green weakness is proposed as red
mixed with orange, red and dark red so as to lose
perception
A Study on Improvement of color Visibility for Museum
signboard in consideration of the color vision
defectives
Kang, In the Visibility for Museum signboard, we propose five
Da-Ae accent colors that can be quickly distinguished by
(2015) color vision defectives in small and medium areas,
and 4 achromatic colors and 6 kinds of text and
graphics that can be quickly distinguished in places
with large background colors
A study on the color scheme of elementary school
textbook in consideraton of children with
dyschromatopsia: focusing on the lower grades in
Han, .
Hyun-H mathmetics textbooks
ce In the color matching of primary school textbooks,
(2015) from the perspective of children with color vision
impairment, an improvement plan is proposed by
adjusting the purity of the color and increasing the
white border
A Study on the Color Universal Design of Smartphone
Ul for the Color Vision Deficiency
Hyedin In order to enable red—green colorblindness and total
Lee colorblindness, ordinary people can easily recognize
(2015) colors, and propose an improvement plan for the
brightness of the answer and reject buttons in the call
screen of the smartphone Ul
Improvements in the Color Universal Design of Mobile
Web Sites for Colorblind People
Mi—Kyun | By analyzing the color composition of the homepage
g Lee of the university's mobile website, from the
(2012) perspective of Colorblind People, a color
improvement scheme suitable for common use by the
population is proposed.
Color Model Development of Color Conversion
Technology for Color Vision Defectives
HaNa In order to formulate the color change standard for
Kim people with abnormal color vision, a color matching
(2014) model was proposed by using the contrast of
lightness and saturation, and the network DB Colors
Color Palette was established
Checklist for Daltonization methods: Requirements
and characteristics of a good recolouring method
Simon It is proposed that in the use of Color Replacement
(2017) Tool, the inherent naturalness of color and the

meaning to be expressed by the color itself should be
maintained
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Table 4. Elements of navigation application interface

Background(Buildings, Land, Greenland, Rivers,
Roads)

Path, Path Information

Elements 3D View Entrance

Location(Path Direction, Location Icon)

POI (Point of Interest)

OH
[=]

. HiE[A[0]4 ¥ QlEjHO|AL] HE| 24

MY

HI
1z

e

o] Aol §1 AE 2020 7]Fo = 2,896%F
ol ALg27) 9lom, 3d Bt oF 22%2 AES LR
o} 25 vlolw o] AREA7E 1,380%F o w2 7Hd wokal,
717e. W 840W o= 2915 715t T=¢]
o|g] #a] ZE BigData—Researcholl A 20203 19 A&
25 Ve Az Y wo] 47,748.9%F o2 71 g9,
Hlo| = W& 39 234 2% W o F WA= ehgrl 2uped
olole Z#WE QuestMobileo] W= 1Y W3} nlo]F
e A Tl 7S Bol ARE = lnlAlo]d jo =
ZVE da glom, A G4 AREAE BF 39 HE

http://dx.doi.org/10.9728/dcs.2022.23.4.621

624

oML Gtk weha - Q17 W59} ol RS T

of Wjoli §, 7h7ke. Wl el F3] 3E ), ulol - e
s AT, TAH B4 e et P,

H

E 5. 24 et HielAold o

Table 5. The analysis of navigation applications

Navigation App for Research

1 Naver Map L
2 Kakao Map 9
3 Gaode Map «
4 Baidu Map @
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Table 6. The vision simulator Sim Daltonism
Step1 Step2

Sim Daltonism

Sim Daltonism in Operation Red Blindness for Test

Step3 Step4
5 X EE
—’g N A
= -

Screen—colors switch to
simulated red—blindness type
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1) djojw] W Al Edola Table 9. The analysis of interface color on Kakao map
Normal People Color Comparison Analysis
E 7. dolH W olEfmo|x e &4 index | RaB | M€l )| (9) | ®)
Table 7. The analysis of interface color on Naver map
Normal People Color Comparison Analysis path  |89/15]2.5PB/6/ |, ol oo | g
0/245 12
Munsell ) »
Index RGB color H )6 L o Departure |43/10| 5PB/5/1 218! 80 | 83
; - lcon |5/212 4
45 = ggugY
5PB/4/1
Path 109/22 6 217| 79| 87 o | Arrival 1con 226/9|7.5R/6/1 6 | 65 89
1 : 4/78 4
g— * | Departure [91/197|2.5G/8/ 247/2
Y guy + eparture . o 7.5Y/10
2 A o dcon | 19| 1o [136 %477 Buidings |47/23| "*Y/1% | 60| 4 | o7
8
) 223/79|2.5R/5/1 237/2
| Arrival Icon 197 4 352| 65| 87 | Land 34/22 2.5(32Y/9/ o7 10| 97
\ HiE vu{ua ﬂ/ 182/2
o 230/23|10GY/9/ SRR s o e
Buildings | /908 | o | 60| 1190 @ | Greenland [12/16 10GY/8/ 1100 21 | 83
Lt h-of | 7 6
230/23|10GY/9/ " ' 231/2
Land 1 g/o0g | o | 60] 1|90 Avers  (38/24| 1980/% |514) 6 | 07
7
BAIZH4TE 15km. B
SR o ves g 230/23|10GY/9/ 235/1|10YR/7/1
- S !| Greenland | g 5og'| ", [ 60| 1|90 Roads | /;9 o/ M 32| 66| 02
) 192/21
Rivers 5/238 7.5B/8/4|210| 19| 93 F 10, Mzt O[AKF AlZIOIA 2 F1H2 9 olefm|o|A 2
Table 10. The interface color of Kakao map from the
248/21|10YR/9/ . .
Roads 4/153 6 39| 38| 97 perspective of the colorblind people
Red Color Green Color Blu%:)Tg:IOW Total Color
Blindness Blindness Blind Blindness
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Table 8. The interface color of Naver map from the ayae e v ©

perspective of the colorblind people

Red Color Green Color glue=elos Total Color
Blindness Blindness L Blindness
Blindness
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Table 11. The analysis of interface color on Gaode map
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Table 13. The analysis of interface color on Baidu map

Normal People Color Comparison Analysis
Munsell
Index RGB | " oior | ()| (S)|(B)
85/13 | 5PB/5/1
Path 3/246 4 222| 65| 96
< Departure |78/17
1e lcon 3/148 10G/6/8|164| 55 | 68
@ 233/8 |7.5R/6/1
0 . .
) Arrival Icon 4/78 4 2 16791
e
239/2
Buildings |34/23 |5YR/9/2| 22| 3 | 94
1
239/2
@ Land 43/24 10BG/9/ 216| 4 | 98
® 9 2
19 min (3.1m) 199/2
Greenland |38/21 | '°%Y/%/ | 140| 16 | o3
2
169/2
Rivers 09/25(10B/8/6 |211| 33 | 98
1
188/2
Roads 01/22(7.5B/8/2|220| 17 | 89
7
H 12, MZ oAl AlZtoflA 2 1Y B 2lEjmo|A A
Table 12. The interface color of Gaode map from the
perspective of the colorblind people
Red Color Green Color Blu%—o\lfgllow Total Color
Blindness Blindness : Blindness
Blindness
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Normal People Color Comparison Analysis
Munsell
Index RGB | "o | )] (S)[(B)
136/20
Path 1/250 10B/8/8 (206 | 46 | 98
<o e , | Departure | 86/187
v T lcon /134 5G/7/8 |149| 54 | 73
[+ ] V'
(] s .
- 2 . 221/85| 7.5R/5/
///j Arrival Icon /59 14 10| 73 | 87
= //
Ef - 243/24 |7.5BG/1
K Buil 222 4 |99
. g uldings | “g/053 | 0/2
=
243/24|7.5BG/1
o~ - Land 6/253 0/2 222| 4 | 99
1‘; min (3.1m)
pa— 188/23 | 7.5G/9/
w w - @D | Greenland 0/208 4 149| 18 | 90
. 186/21 |2.5PB/8
Rivers /247 /6 214| 25 | 97
254/25
Roads 4/254 5B/10/2] 0 | 0 | 99
H 14, M2} o|ARIe| AlZiollM &2 HIO|F Y QIE{mo|A ZHE
Table 14. The interface color of Baidu map from the
perspective of the colorblind people
Red Color Green Color Elre=iElion Total Color
. . Color .
Blindness Blindness . Blindness
Blindness
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Table 15. The best color matching EE ALkl Al W3lE DRA )R] G=A] A H gk}
c ?olor_ ﬁormlal Fé?ddCoIor Gé?'e?j Color Best Plan Bx1AD) ulkele] v)s)] 2y} awyo glek i) -2t
alegories eople INAdNess INaness
: 2 Tk S1 BTG 3} 7o) e Bon ek
RP
T} =gkl He] Yol A S FAske Flo] 24 9] wieto|t),
Mé‘é]zf” 2.5RP/4/14| 5PB/4/2 | 5PB/4/8
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Table 16. The best color combination
Munsell | - coiciia | 2.5v/5/6 | 2.5GY/5/4 Color Normal | Red Color | Green Color| o o
color Categories People Blindness | Blindness
Munsell
color | 7-5Y/6/10 | 7.5Y/6/8 | 7.5Y/5/4 Mcug‘lf)f” 7.5R/5/14 | 2.5Y/5/6 | 2.5GY/5/4
Y
O y
Munlse” 7.5Y/9/10 | 7.5Y/9/6 | 7.5Y/9/10 Vonsal ®
color 7.5Y/9/10 | 7.5Y/9/6 | 7.5Y/9/10 »
color \
GY 4
GY A |
Munsell | sovig/10 | 2.5v/8/8 | 7.5v/8/10 i by
color Munsell '
5GY/8/10 | 2.5Y/8/8 | 7.5Y/8/10 I
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Table 18. The interface color improvement of Baidu map
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Table 19. The before and after comparison for Baidu map
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