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Vehicle HUD’s cognitive emotional evaluation

- Focused on color visibility of driving information
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Abstract

The main causes of traffic accidents while driving a car is of the driver’s visual distraction. In this study, the
color sensitivity of the information projected on the windshield were evaluated for HUD (Head Up Display) system
which helps the driver’s eyes on the road while driving. The driving Information were projected 9 ° downward
from front sight O ° under lab’s fluorescent lights, LED floorlights and the TV had having 25 [lux] illumination
when driving at night environment and 100,000 [lux] of daylight environment. Munsell color hue of the basic five
colors (R, Y, G, B, P) and the color of traffic lights YR, W were the color of the seven characters, each character
were outlined by White, Gray except for W. Total of 19 experimental stimuli was shown in the environment of
day and night driving for asking visibility information of color, fatigue, preferences, and evaluate the degree of
interference. The results came out that the bright Y and G color is visibility significantly for daylight. Second, with
the outline of the text, the color of the outline works as a background for luminance contrast effects and affects
visibility. Third, without the outline, the glass in front of the vehicle acts as the background and the luminance
contrast of characters achieve greater brightness and visibility. The luminance contrast between the stimuli and
background should be considered for increasing color visibility for driving information which is an important factor
for HUD commercialization.

Keywords: Visibility, color sensitivity, HUD, luminance contrast, forward vision, main view of the driver
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2o BlojuR] A sHA FAHHE A 35 HUD(Head Up Display) Al 2=8S o] &8 A A3k o 2
(windshield)ol] T4 ¥ 5 MEA AL Hrstgnh FARE AAIA 0°ol A ok 4 9% YA FEE
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11. 9419 EHeM Neg & FHE & 5 Jde daZdelzgdes 9r=
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Figure 1. Vehicle simulation environment while

driving
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Table 1. Region for application of illuminance standard

illuminance ([lux]) Region

commercial area and part of the

30~100 .
driveway
10~30 The main road
3-10 residential area driveway and a

pedestrian passage

% 2004 Aeld ule} o] Ay Y RE XS
713 TVl A oFzk 8 FAT Z st 25[lux]E ©F

AN 2R SR Ak

—~

(

Table 2. lluminance value of the experimental
environment

expe.:nmental iluminance Simulation condition
environment ([lux])

Night 25 turn all th.e‘hgh.ts off,
only television images
turn all the lights on
(five LED lightings +

Day 100,000 | ceiling fluorescent
lightings),
television images

Laboratory 2170 tgm ceiling fluorescent
lights on

Figure 2. Lighting environment of

the laboratory
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Figure 4. Visual field of a driver to use
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Table 3. Luminance and color (xy) value of Driving information

Lv (cd/mz), X,y

Driving

info Day (10%Hux]) Night (20~30[lux])

Lv X y Lv X y

None 9266 - - 158 - -
R 9871 0271 028 1692 0366 0314
YR 106.1 0275 0289 1923 0365 0336
Y 1153 0275 0301 3438 035 0407
G 1104 0264 0299 3121 0298 0422
B 9635 0256 0273 1395 0251 0261
P 91.87 0259 0277 1406 0256 0.263
w 1172 027 0294 3485 0317 0359

Gray 9535 - - 1623 - -

3.3.2. T8 ME HE)

ol

Kim(2007)<> +A27F &4 Zol 741 718 F 7t
o] &-&3at= Al7IFol thall F 10085 o=
ZAE Sth AR A A3 82%9) SEAY
AL 7P A5 2o SHeEdth o] 235
sto] 2 AFolMe F9 FE Foll SAE HAAs
R, £3] AAEEZ &HA de 60km/h~80km/h
% 60kmhs FEIE M) AQIA, JE2%, Mo, B
3 =5 H718ka

EL}L‘ o
ROH Moo

-

(



200 =¥~ -olsfgl - o|M3| - BrAH

Table 4. Form of experimental driving information

Form

Font Type ITC Avant Garde Gothic Std

Font Size W :2433cm H : 142lcm

The ratio of Text outline Text9] 20%

=2 ITC Avant Garde Gothic Std

UH|(W)7} 24.33cm, =°|(H)7}
14.21cmolu}. O]L T2 Aok 107, 79 Aok 174 =
ojth, FaFKH e FA I HA FA 20%E
2}A) $tit.

ljr
~
>,
OFO
:L >,

ety A ASEE A
@d A =2 7R, YR, Y, G,
B, P, W)e} @ A FA 77 A WE A Q)3 67 F
Aol zHz} White ZAF 9124, Gray 24 92418 =
of &M 9= A 1270 E TEJUT (G 5)

-

Table 5. A example of experimental driving information (R)

White Gray

Single color : :
text outline text outline

background none
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Table 6. Experimental questionnaire questions

Driving Evaluation .
info. item Question form
RS B S B
visibility
For each color
(R, YR, Y, color ol g
ol FAZ37ER?
G,B,P,W imitation o] A=R
= 197
= 1971) color TR At
preference nkgo] =ukg?
For Head Up driver FAA BRI

Display distraction =% W7} =g
T A Al 2 SAA WA e T AT,
570 LED &7 5ol Ui 7] wil ol o] &
o} o]Fof at= APl YFE = T Utk ol & WA
37 Q8 okt &4 Al 2k AN WA AP
FePg ¥ F7 4 A 25 A dEE Y
stk oFF 4 Al eSS vkl = o At
U O9 5 ot 24 A & S04 A
EFolth. I8 62 71 &4 Al £k oA AF
g BFoltt

Figure 5. lllumination when driving at night environment
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Figure 8. Result of Color Visibility (night)

@ Single color

82y Al

=

L

o

1

°
pil

A 2%
A gl A 7}

=

T

[e)

o=

Y/\_l-] A}

L

T

F7REo A

p

YR, Y, G, B, P), ¥4 ¢]=H(R1, YRI, Y1, Gl, BI,

202 el tHR2<R1, YR2<YRI, G2<Gl, B2<BI,

P2<P1).
= FYHE ARGl B

o2 Uehstt

A



202 =M -olsfO] - 0|M3 - BIAH

Table 7. Result of Visibility Assessment for Text Outline (daylight)

Stimulus | Visibility | Matching | P-Value Result

R 3.08 R-RI .000 R<RI

RI 436 R1-R2 .000 R2<RI

R2 3.36 R2-R 215

YR 2.84 YR-YRI 000 | YR<YRI
CYRI | 368 | YRLYR2 | 000 | YR2<YRI
""" vR2 | 260 | YReYR | a4 |

Y 4.12 Y-Y1 857

Y1 4.08 Y1-Y2 067

Y2 3.68 Y2-Y 102

G 3.92 G-G1 .802

Gl 3.88 G1-G2 002 G2<Gl1

G2 3.24 G2-G 001 G2<G

B 1.16 B-B1 .000 B<BI1

Bl 3.16 B1-B2 .000 B2<BI

B2 1.96 B2-B 002 B<B2

P 1.16 P-P1 .000 P<P1

P1 2.80 P1-P2 .000 P2<P1

P2 148 P2-P 088

FAREANANE YRGS AQlsh thE A2 zp5o)

M 3 QR E T WA 9 o] AQIAo] E
20 & ERGTHR2<RI, YR2<YRI, G2<Gl, B2<BlI,

P2<PI). SFEECIAE GAAS AT ThE A
Aol 814 Sj=hrch Al el Ael ol
=S Aoz UERGTHR2<RI, YR2<YRI, Y2<YI,
B2<Bl, P2<Pl). ol 3 =7l =2 94 oFMz &
A Zzreke] EtiHlE QIg Ao R & 5 vk 7b
AoAA AddiEj e Fw=thH] S 3 =it
O B2 92 mAe ZAox A d7] WiEelth
(Lee & Kim, 2007, #]21%; Bruce and Foster 1982,
Cole, et al, 1990, Gegenfurtner and Kiper 1990,
Knoblauch, et al., 1988, Legge 1990, Legge 1987, Radl
1980, Rivlin, et al., 1990, Rubin and Legge 1989, Shich
and Lin 2000, Tinker 1963a).
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Table 8. Result of Visibility Assessment for Text Outline (night)

Stimulus | Visibility | Matching | P-Value Result
R 3.88 R-R1 405
R1 4.04 RI-R2 .012 R2<R1
R2 3.52 R2-R .095
YR 2.84 YR-YRI 034 YR<YRI
DR | 336 | yRivR2 | 045 | vR<YRI
Sy | o2s | YROYR | oo |
Y 3.80 Y-Y1 647 Y<YI
Yl 3.88 Y1-Y2 046 Y2<Y1
Y2 3.44 Y2-Y 047
G 3.56 G-Gl .600
Gl 3.68 G1-G2 .148
G2 3.36 G2-G 284
B 1.68 B-B1 .000 B<BI1
Bl 3.20 B1-B2 .003 B2<B1
B2 2.52 B2-B .001 B<B2
P 1.40 P-P1 .000 P<P1
P1 3.00 P1-P2 .001 P2<P1
P2 2.20 P2-P .006 P<pP2
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Figure 9. Contrast Ratio for Outline-Text color Lux (daylight)
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Figure 10. Contrast Ratio for Outline-Text color Lux (night)
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Zro]l F74= Y, G> R, YR > B=P, oF7}ol|= R, Y,
G > YR > B, P9 =AM & fouet 102 Yelyth

Table 9. Result of Color Visibility Assessment (daylight)

Color | Y ! G R YR B P
o Y, G>
Visibility | 4.1 3.9 3.1 128 1212 R, YR > B=P
. v Y> R, YR, B, P
i
. G G> R, YR, B, P
n
i R R > B, P
f
i YR YR > B, P
c
a B B=P
n
t P B=P

VDT (Visual Display Terminals) 273 ol| A1 €] 7}5=A] o
H A AFES AHEH, Mo 7tEA Aol A
o] £4 5 H71 Zelddl &gk Ade] s A th(Jung,
Cho & Han, 2006, ] <1%; Bruce & Foster, 1982; Hill
& Scharff, 1997; Shieh & Lin, 2000; Ling & Schaik,
2002). wEbA F7relA HUD F4 R Y, G 4%
Mool Ee ol i A AR FEst w7 W

olzt & & Utk

Table 10. Result of Color Visibility Assessment (night)

Color R:!Y:G:YR: B P
v eq g Y, G >
Visibility | 39 1 3.8:3.6:28:1.7: 14 5,11 > B, P
R R > YR, B, P
s
; % Y > YR, B, P
g
N G G > YR, B, P
i
¢ Y, G > YR
; YR > B, P
c
. . R, Y, G > YR
0 > B, P
t
P
SPMRECME IY 11e|d BE upeh 7o)

R(16.92)9] 327} Y(34.38), G(31.21), YR(19.23)°] ©]
of 4¥A FFIAAT, R Age] NAA B 57t
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