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Abstract

Background  As automotive front-end systems evolve, autonomous driving research are being
advanced, leading to changes in internal information delivery methods. The development in the head-
up display (HUD) area is receiving positive evaluations for reducing drivers’ distractions and facilitating
safer driving. However, during the transitional phase of Level 3 autonomous driving, concerns are being
raised about the impact of augmented reality-head up display (AR-HUD) on drivers’ visual perception and
cognitive load. This study aims to investigate the effect of an AR-HUD’s information delivery method on
drivers in the current transitional phase of Level 3 autonomous driving by examining the changes in the
spacing and flashing speed of arrows.

Methods The study raised a problem and, through theoretical consideration and analysis of arrow
examples, designed a research model and set research questions, followed by conducting experiments. The
experiments were carried out with 30 participants, involving simulated driving, eye-tracking, recording,
surveys, and individual in-depth interviews, and the results were derived through various analytical
methods.

Results The spacing and speed of arrows in AR-HUD had an impact on the drivers’ completion
time and cognition while driving. Furthermore, the spacing and speed of the arrows independently
influenced the drivers’ cognition. Proficiency, as a moderating variable, did not have an effect. Overall, the
usability evaluation of AR-HUD was positive, but the fast speed of the arrows could increase psychological
pressure.

Conclusions  Considering that the spacing and blinking speed of arrows in AR-HUD affect drivers’
visual perception, cognition, and driving speed, adjusting the speed and spacing of the arrows could
reduce cognitive load on drivers and promote safer driving behavior.
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1. 90| i o =X

IT(Information Technology) A4 9] WA o A} A7 AL FEER WHsta 9}, 3], A
AFHY([Edge computing) AlA A2 8l(Sensor system)2] T o2 Q5] AFA A2 7AE2 ALFY

elA] 9 PBV(Purpose Built Vehicles)Z 913t 71& Aol /S Adsty QIth@d] REA 15, 2021).
SAE(Society of Automotive Engineers)®] 7Fo]E&kelo] ‘I}th AP AR U, dA= Ad
23TA R 2HATE AFA] O RN AFEHA 7] $IgE A o] A o] o]FojX| 1 girt. E3,
20239 A AWl FYst= AR-HUDO| A Al 20299704 25.14% HAE AR 4w,
202213 289 1319 GefollA 2029dell= 3,1509] D o] ARt o] AL = o HrKExactitude
consultancy, 2023). 18} ol gt A%He] AJAA|eh= Bt 2(Giordano, 2012), &4 9] HE7]4
ol A o] ARQ A-go] AR A F F AAZ D A Z-gof o' FFZ WA= of TRF FAF A

$-H % A71H 2L QItHWang et. al.,, 2021). FA 371431 Aol 9= AR-HUD+= 4449 et 39S

!

RET S YES ATE B $H $H2 ANT Bt dek,

£ A7 AR-HUDY R95E AR 5 A4 GBS $UsHe HHES FHOE olzlo] 24 F AX7 2
Q1A A gl v A GRS o, FF AT LAL AT BF FE BPA ANE B0 T},
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ATBTE B SIARTAS AU UhL) 99 £ UGURR GUAR Gye A,
SUT 4 20 o) ARHUD A8 ATl G 49 309 LA ofolEAAE T AL
Ao, ARHUDE o1& B2 TN 04 F U 9 AAE AN HULE AT A4
L, AAEAE B OF SR 02T S ARG Ao EE%0] o E HYOR PES
A, 48E M e1 Agol i B Ausgon +18 4% % 44 dolHE A4 o
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3. 28 A7 H A=A

3. 1. AR-HUD M7 XA}
A52ke] HUD(Head Up Display)= ARl A B a3t
AR(Augmented Reality) 7]%&©] HUD®| g5 o]&
HUDO A4 38 A% 4 7t 240 wet ¢

ABE AEshe S Aeo|2olet, Aol
AR-HUD#t 2L 20}, AP A Z3KTable 1)
A

o2 A B WA BAYL et

Table 1 Prior AR-HUD studies analysis

Name Description
Wang et al.(2021)  AR-HUDSQ| &2 X L3512t 0I5 27ts 8 20| Z2, 232 WAIE SUE 7ts40| 4 =0
Jing et al.(2022) SHEHEO| X 2| A|ZHH LEetE SO 2 F0|0, X1|01i TS A E2ES St
Yang et al.(2020) XA FY AJM 7|F 8° Lol U= HUD T2 Zid QHEE LR B ISICt
ZH STXI0|HM Q&M ULZ HI|= 5HX|2 A4S Hi fof AIHEH(LBFTS: Looking-but-failed-

Romer etal.(2014) | = * error) 7H5A10] L},

194 Archives of Design Research 2024. 02. vol 37.no 1



3. 2. HMI2} C|XIQl O{EEHA
HMI(Human Machine Interface)= 17t} 7174 7ko] AR @ A1 o] 2=} 92 gteh(ung, 2020). A5
71€9] WA HMIZE 1.0GA Al 2.09 A= dojzte] uheh o 2d A9 7ol v F a5 tHRenub
Research, 2021). o]ZWAE @<5] AH29] E8|& EAJo] ofd, 1 ARzl AHgARete] 4o zkg 5 old
PEE FEsteA] 48L& E g olth(Gibson, 1979; McGrenere & Ho, 2000). o]&]gt #-of| A, &3}2]¢]
HMI AAl= Aol AR A of | wh-golut F5& fEok=A o] tigt ojxdA P& A olsfsta
Z]-g-afof ghrkar 72 E| T §ltk(jeon, 2020).

3. 3. 23 AOfQ} B30 WA

2 AHES A4S W BRE RS AFsiA Agitty MZStA| T, ARl Al AlZE ARAE 5
FARERE 30° 7k faE5H(Kang, 2016), 11 & FE-2 xJA7 o] A7|A A= o] FAl AFatA
A& 4 glcHAzzopardi & Cowey, 1993). 24 Al &8t &#Tof whet Aofzk 2lo]& Kol (Yoon,
SAEETL WSS Aofzo] FotA= dAo] et th(Kotsa, 2009). &, £57F w4 4,
A= Fobdl AoFR A F ot ARE FAlo ATsfof gt FotxlE AlofellA] 1A A Hatrt
7S 552 2717t S7FetAY ¥skel= A3e E ol th(Beatty, 1982; Koelewijn, Zekveld, Festen, &
Kramer, 2012). EgF, 282 ety 5 Apgo|w, FaFo] 2ol upef, 014 A H1} 24¢j o] ofo] Wold 42
A o7 9A3}A Fh(Chabris & Simons, 2010). o] &gt AZFojl A, ofJAFR]

Q3 A olu AFES =X B3] W A|(Inattentional Blindness) @4to] BHg 4= gloH, o]
= O [e)
5 =

Ir
]

(=]
AR-HUD 3 A Al A5 E4& ARt Al A4 712 thaat 2k 229 Ble A48 TOF dHEAEr}
A 20229 HAE SR HAE 9 1009] W 157 AHsA 719] 19 ©]Wl AR-HUD +@ 94
ZH=9 FRE GUo|E o FE gofsto] 13 BRIt ZTH2E QRET AL 5 I AA o R
SHERE AT e 719 40eh QA A AA 4709 shaksel dek 7hA Zuke] Lo sy
24540 Teslad] 4% AR el Alo] S s Ao} o] 4 FASHT UMA) F8 H8E Hidden-HUDZ
A gsto] Audi®] ¢ shel st RE 4ol A4 Aels e BRol Bt 8- Table 29}
2t
Table 2 Companies to select directional arrows for the research
Company Developer AR Video Note
06. Toyota Panasonic - 0] -
08. Mercedes—-Benz Nipponseiki 0 (0] =
12.Tesla - - - Hidden Hud
13.BMW Nipponseiki - - -
26.Honda - - - -
35.Hyundai Envisics (0] 0 -
46.Audi Nipponseiki 0] 0 Single Arrow
48.Volkswagen LG display 0 (0] =
50.Ford SL - - -
51.Porsche Wayray 0] - -
61.Nisan - - (0]
75.Ferrari - - (0] Hud x
87 Kia Wayray 0 (0] =
98.Land Rover - - o] -
99.Mini - - - -
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A7 71949 470 SR AR o] tiE] Eol 60px2] HUT FE 2AAA A Zwe] £ 8
EA6t9len 1 A= Figure 13} 2t}
Width
Company Mercedes-Benz S-Class Hyundai ioniq 5 Volkswagen ID.3 & ID.4 Kia EV6
MRS 2 T D I D 25
53p4
The unber of
arrows(ea) 5 5 3 5~9
Blink speed(sec)
Developer nipponseiki Envisics LG display Wayray
direction zone Non-blinking 0.88 0.04 0.95
0.02 0.02
Straight zone Non-blinking 0.02 0.01 0.02
lane change Non-blinking 0.98 Non-blinking 0.16
0.02 0.02

Figure 1 Case analysis results of arrow expression

sHRo] ged EAY 58 BAT A3 MR Abo] 7HE AY7HE 53px, H4A7HE 32pxE 21px 9]
ApolE B om, el £ A7k ¢ ) 0.98sec, 4 0.16sec 2= 0.82sec AtolE BT} 9] 245

53l Feid] gk TESho] o] 60px, THA Al MR 25px 2] A ES Figure 29} Zro] A|&ts}aL, 7+
Shabs ol Zue] £ o] Highy} H 5k A4 APS Aaystoirt.

E

60px 26px

>>)

53px

32px

Figure 2 Spacing between arrows blink speed for the research experiment

4. A5 4Y

4.1, ATEH L M7

HAT 24 A5k ARHUDS) Alz} A wd P oA Seno] wet o1x e A% Rl WA
£9) 7198 Satno] 1A% 0] AZHow

Aol s10) AT w}aw " ans B 434 BAG 80 Tl 331 o] AFAT
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Table 3 Research questions

IR 1 SHAE 7D A= WA FaAR A7 HakS ORI
C"—?EHI 2 SFXjo| HTT0| M2} SALE ZHHD AT IHRAR A0 IS O|R|=7F £

TEH 3 SAE I s WAL FHATO WS O|XI=7P
HTZH 4 SHAE ‘Safe’' T QIK|0| FES 0K AFRA W7} QIEE.
GITEH 5 SHAHO| AE9 7HHS 2 5 QKRR YSS O|X=It AiRE

T4_ZH KHHHE

Figure 3 TOI (Time of Interest) & AOI (Area of Interest)

AP T, WIS AOE AGA B AT AEE W B B 2 S5 oA o2 sobsta Al
WA §Roke] WA gk, S0 9241-11 A4 71| E(1998)F 714HOE AR-HUD AFE7 AH-A4
AHZ B AWA, R4, AHAH GRA, 94 Boh SHER o] F 127) 4B YTk AT,
A 9 B 3RS 59 Tl Bt oSS sebsta, Q1A ok BB Fal A Zgo] oW
03—6;}— u A ot 5 HAE AES SO oA g12 BFL A 4% B JRO=

olo ﬂJ

o= AP th(Table 4).
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Table 4 Usability evaluation

152y ql YEO| TE UA|0] OHOHSH] 211 2EXO0|RALIR?
a2 RO X7 HIRLHR?
27t=4d a3 SHEO| 7H40] HESI0] HatoHH AAEULIRQ?
a4 SHAHE| M K7t HESH o AAEALL?
a5 SHE| 7HAL ZWe K27 =8 20| =50 =ALL?
3.QHHME &8
a6 Y Qa5 TR0 S2X0IULL?
a7 SHETE 20| Yo7t = AT W25 ?
. a8 SHAE 2T 2R £ R0 2HYEE Olshdt= Ol 022 S ALY
4 QIX| &o} . -
a9 2 atgo| ofaf7} HEALR?
q10 SHAET}QIX|SIL 0f3l5H | =AMLLR?
5.34% ql1 SixHol ZEl0] O HY0| SXI= HALUR?
6.21%| q12 SHEOI KT LES UXIRLUR? Y/N
7.2t8d oE At 7 mef

4,2 ALE|2 ¥ BEMHH

Addol AHEHE HAZY T2t Al 3.5kmolth 47] o' RSk o o]= Figure 49 2Tt
12 2907k B A St AR F& T ojuet G v A Yolkly] o) At
3 A AR fYo] FolFrh 39T} 417HE Q1A KolE FotR 7] Sl A A WA HPoe
FAE G, hE SR & Figure 19 23S EQ 2 1+47F 0.98sec, 27t 0.16sec, 37-3F
0.98sec, 477+ 0.16secE AAst). 2709 3Hak 144 §3& 2 710l A8A1A 1Y) 2 &9 At &
TS 4 v wokdoh, 194 2917k Y %-TLZ} E A 9‘( Zr Pt £9& Hlawskyioh

A AR A 7Z; Z47F oF 308 2850, H A= AR-HUD 4 He 4 5% 184, H&A
127, &, 0] 5:5 Bl & & 30" 28 FAHG A= F 7Y 3HEE 144, AG2px)9t B(53px)§ A9
FUR S 29 S5 ol A ZF f-Fofl gt AE HES £A5H7] fldtolH, ZF f 3o e
T FYAIE W3kE S APE Ao whE MeE WS Sl 27k f3E AY ¢*1E A8
ol Ate} ol Algsk it

b
ﬂ&

&

N\,

-

&

Figure 4 Movement path and arrow speed transition zone
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Figure 5 Experimental setup

5.1. EMYH

A+ AFH= SPSS Statistics 29.0 *}%3}01 At S FAHE SR HEF FRisto]
T A 9 &8 dolHE 285te] FudA 9 AT BAE B4t eH, ARl tel 53 AAE
HAEE 7t F SURE t-testE I F A I Aol € vlusty, 7| EARA S XS @83 q9=
AP £For A4EH. Shapiro-Wilk A4 HAE APS Fo 4 55 2 & Z434S
APsteict. ol S o st AT £x9 JIBRAES 24 fAH AARAR
SHEe] 2AaNE dopRoltt. SRl QAA|HSko] et G2 wotstr] fsf ote|EHAE St Scan

path®} Saccade, Pupil diameter Ho|EE £ FE3}= iAol A
ghebstglon, AlA dlolE Htghe] §-2u]gh Ao]E dotR 7] {4
Bl 24 5 AR A RRE YobR I AR QJIEHE Sl AL T o] R } l Eﬂﬁ Kl

#7h2 At

a

5.2. AREH A5
QA7) 13 200 eR8l SHLES] AT & 22t FYAII Sl LAANA G TR oL, 227
Sewe] tebie Zol7} gleitt.
SHLE Afo|7} A4S BRHOR FYAILe] FolEG0n], SHLE Afo] 70| 53pxelAl 32pxE

ZolEW AA FPA|7to] 23.7sec S UTHTable 5). E3F sHat % 7] &£ w7) whE48 F3PA 7o)
ZolE9lom, 7+AY 17.4sec, 18.9secE T 714 R oF 1822 Zpo|E H T},

Table 5 Difference in task completion time based on spacing between arrows and blink speed

Width(px) total driving time 0.98 (sec) 0.16 (sec) difference value
32 235.73 67.6 50.2 17.4
53 259.43 74.3 55.4 18.9
AT =23.7sec
SPAETE 7443} 7] S o] Ao 24 AakTable 6), A5 Ao] AT 01514 Q24 uI(F=0.136,
p=0.712), 3R +A(F=3.572, p=0.328)7} 2] & %(p=26.190, p=0.556)°] tet &4 sHEe

oS
I
fop
‘.T
S
(e
(e
—_

zgae deht

Z]l
2] okorrt, JEM 3 E 714 (p=0.014, p=0.014, p=0.021)3} 7=
p=0.001, p=0.001)7} 5}

&of 247 e = WA e tH(Table 7~8).
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Table 6 The interaction between arrow spacing and blinking speed

Model Type Il Sum of Squares df Mean Square F sig.
Corrected Model * 21889.579 3 7296.526 27.568  .001
Intercept 919462.604 1 919462.604 3473.958  .001
width 2106.338 1 2106.338 7.958  .005
speed 19747.204 1 19747.204 74.610  .001
width*speed 36.038 1 36.038 136 712
Error 62462817 236 264.673
Total 1003815.000 240
Corrected Total 84352.396 239
a. R Squared = .260 (Adjusted R Squared = .250)

Table 7 Analysis of the control effect of driving proficiency on spacing between arrows
Model B t sig. F adj. R?
(Constant) 34.728 .001
1 . 6.095 .021
width 158 2.469 .014
(Constant) 27.636 .001
2 width 154 2.482 .014 4.878 .031
Proficiency =121 -2.896 .059
(Constant) 22.583 .001

; Widtl? . 234 2.329 .021 3572 031
Proficiency -.058 -0.647 518
width*Proficiency -117 -0.981 .328

Table 8 Analysis of the control effect of driving proficiency on arrow speed
Model B t sig. F adj. R?

(Constant) 47.185 .001

1 72.747 234
speed -.484 -8.529 .001
(Constant) 37.340 .001

2 speed -.484 -8.593 .001 39.220 249
Proficiency =121 -2.143 .330
(Constant) 31.520 .001
speed -.525 -5.884 .001

3 — 26.190 .250
Proficiency =154 -1.930 .550
speed*Proficiency 0.62 .589 .556
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Comparison of curve speeds between skill levels: 1st section and 2nd section.

80
60

30

Curve speed: Average (km/h)

Av=

Difference
of velocity
6250 68.44 ca4a
55.080
2610
24.22 A_Beginner
2_32px, 1_53px, 2_53px,
0.16s 0.98s 0.16s

Figure 6 Segment-wise comparison of driving completion speed

—% H| w3 B 32px SHHE
Ao, 53px 7t A= 29.6km/he] FAL T o] &

=2 H9

Table 9 Segment-wise Comparison of Driving Completion speed

YA A 17-7H0.98sec), 27-7H0.16sec)S 19.5km/
£ R ItH(Table 9).

Width(px) 1segment(km/h) 2segment(km/h) difference value
32 75.5 55.9 19.5
53 89.3 59.7 29.6

U A= AL 2 e THTable 10).

S A Shakao] 7143} k] 5= 29
%394 ZYA(F=7.517, p=.007)X.t} shat s 7wl

Hsto] f-oJu]gh
A &L 7HF= 86.737, p=.001) FP&5 0

ol ey
=T
W-o

Table 10 Segment-wise Comparison two-way ANOVA

Model

df

FEFS v[HOH(F=31.541, p=.001),

o g2 ol

Type Il Sum of Mean Square F sig.
Squares

Corrected Model 6928.558" 3 2309.519 31.541 .001
Intercept 289002.675 1 289002.675 3946.931 .001
width 550.408 1 550.408 7.517 .007
speed 6351.075 1 6351.075 86.737 .001
width*speed 27.075 1 27.075 370 544
Error 8493.767 116 73.222

Total 304425.000 120

Corrected Total 15422.325 119

a. R Squared = .260 (Adjusted R Squared = .250)
AF=A 4ol B3 AAFA dlole 24 A3, Y Aol uhet Aol 292 EAtEE 397 ehgeH,

“naVi” og

o] “safe” 9
5712] TOI 7+ AOIS] &4z A4

dojurt AgAo] A4le]l § oo mg st

Aol

o

A= 7= A 1A 9 93] 3l A ek HFigure 7).

SHLET} SIXT WIS FHOE BB
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T4_3 AHI 524 KA

Figure 7 Scan Path

“navi’¢} “safe” F7rol|l Al Q] Bt MY OF 484.355ms 9] RpolE BH o, A9 F AHA
537.837ms9] A}olE Holw “navi’ell Aldol B e WERT 59 A7l= “navi” FHolA =AY
Bt F o] “safe” JARCt A SHE O AHEAI} “navi” e o BE FoE /L&HE 7HeAo
3th(Table 11). F AOI9] S EE t-test AT} Hufgh(Table 12)9] o)== EAH LR Foju|t A&
HAH(F=18.23, p=0.02).

J

o

F

O
[e5
—

it

Table 11 Navi & Safe AOI Fixations

Total duration of Total duration of

AOI Average pupil diameter  Total duration of Visit

fixations Glances

navi 635.770 5.238 711.727 722.422

safe 151.415 5.021 154.829 184.585
Table 12 Navi & Safe AOI T-test

AOI Mean df F p

navi 518.78925 3

18.23 0.02
safe 123.9625

T3] Wet dojubs 7kl st Il = A FE2 2717t WSkith(Figure 8 %), ol 3-3. &4
Alofel 50 WAV oA F5 719 WePt QIA1A Rots ddd 4 okl ARl e 3 Il

Q1A 2oke A%E 7Rl drke 8 4 grt.
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Average pupil diameter Average pupil diameter

A o o o
A e . P e
/ ; \ o
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Figure 8 Average pupil diameter

ATEA 50 T HEAGED), JEHH ELHQE LS L5
A3 22835 dut A57 A FEA .75 2 Aol elEgoenz 7 Aol

754 (M=4.05), JE|HA T&4HM=4.06), AAFHM=3.98)= HAEHL 34-& A3lste FHHA
B7F7t 1= Atk(Table 13).

Table 13 Descriptive Statistics

Model Mean Standard Deviation Count

7t=4d 4.05 .63

QIEM S8H 4.06 .72 N=30
QIX| &3t 3.98 .81

AR A AL AT SR T Folats ST ehjel Tl 3HH 02 gusta oL, 9@ 70%7H
2% F SR AL BA AT/ LYY SR ABE AL A3t A2 70%7) 53pxe] Aol He
SIES HEstort. A4 2ok § BPME FHH wo] et SHEES Bt St o
AR orom QA7 AR AW ACHL HEch. Tl AR Anto w2 09 F A Hlee
309 % 70%° SHFSHE 2199 A A4 W7 A SAS BA R 458 FolA 2o 3EATE
Qo ol HaAwet BAglol Aoltonl, A% T IHYeIA 218 F 1150] SHLES L

Aol=rleig A Rrkn SPektt. 3, J4sH oo AXF Bapt S & 4 gtk ole

Ao] F4% ol EH20] 54 F SHHR Q1A o] ot 4glo] ol HHAVL B0 R ZAYEL ulet.
A 2RI, SEA 30 F 9%L 32pxe] SHHEZ R et 1Y) Beshkl oA 44O uhgo]
BokspAL 1] Evte A Bon, gEolt % o] Ao|SuldE BA B R 2rkk

I gtk

£ A7 AR-HUDS A% 24 5 SHEEE0] 1123} Zhe) Sl ueh ezte] AX2 8 el ul A
e ATsTh AT 23 BUEO| 1A P S LR A2 W AXof GRS A=
Ao Sdgth A7 AE o e 2L ue AGS AALLA Pt A, SarEe
A% e SEE 24 SRS} Aol ;

FHS Lo ATHTIA 7T 3-2-2(Table 7~8) &lstitt.
o] A1 YL Z74AZ 7HsAo] 9o B E(Tablel0) AR-

= [
HUD 708 4], SHHEo] $55 2850 2349 A4 BEhg FolT st ¢4 F5L 458 4
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T gL
55 £ Hgettd AT &4 P5 =T 5 U2 Aot EA, &4 H Al He zz QW:‘U}
We Aol el HE=H, Aoz X o2 gropA] gt ol W7t 2
th(Table 11~12). A& o)A Lrept R-HUD®| s}4ta 73244 7w £ 8
sHA| R8s, AR Al BANS Aol ko] tigt 714 Q1 mo] F gaict, A4 Bt
]Ai AR-HUDE 34Z<l vhe-g B UF 719 d+& bl T3 5 ole a9y

ol B3t A7 QA ofok & Ao,

o M

Jo mt X A ¥ P %O
3

oﬁ.,::[l i)
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