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Corresponding Author Objective: The aim of this study is to provide classification of the areas in the Driver's
Youngjae Im windshield that will enhance your intuitive understanding.

Dong-eui University, Division of Design L. . . .
J » 9 Background: Self-driving vehicles are emerging as a result of technological advances,

Engineering, Busan, 47340 and the range of human behavior is expanding. The collateral information on driving
Mobile : +82-10-2754-8189 is increasing, and HUD is coupled with an augmented reality to convey information
Email : ergoim@deu.ac.kr to the driver. Interference between the actual driving environment and the displayed
information can cause distraction. Research is required to find out that which areas in
driver's WS are optimum, preferred and restricted to be displayed when displaying
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Accepted : December 05, 2018 Method: Proceeding a test for 9 areas, which is carried out as a classification and
grouping of the relevant factors in existing HUD researches, on driver's side WS. The
number of 18 participants have been acted LCT with driving simulator, and being
measured by completion time and MCH handling quality.

Results: In the intuitive perspective the vertically middle areas were the dominant
positions all the time. Also the traffic congestion and participant's state had affected
on the interaction to areas.

Conclusion: There are many legal regulations locating the HUD area to the middle
on the WS, so this study proposed a secondary solution suggest and designated the
worst area on considering LOA. For preparing new era of autonomous car industry,
this study proposes the initial classification of the HUD location on driving.

Application: Moreover, the purpose of this study is being the basis of the study that
founds the groups of the optimum, preferred, restricted HUD areas for the near
Copyright@2018 by Ergonomics Society future with Autonomous Driving.
of Korea. All right reserved.
Keywords: Lane change task, Field of view in automobile, HUD, Autonomous cars
@This is an open-access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0/), which
permits unrestricced non-commercial use,
distribution, and reproduction in any medium,
provided the original work is properly cited.



652 Kibum Park, et al. J Ergon Soc Korea

1. Introduction

;A K HAEs 2= 2T QUHCE FH0| YEot= 7r20 Xt W §EE A0 tfslor 2z 23 ah F2f
=S AE{5t0 theot FE F2 MSTIACH SHARH Axf AE2Fdstot TWE o mEk Xt oM BEAlRl= R EXHETL
3 B7Ktn ULt SHE FE HAIE S8 2T 2T S0 Chdet A A + AA E g, oj2fst 2HFo| 2EAL
o A Fotet +Y 0 OfH YekS O|X|=X|0f CHok OHF 24 Olfy FA| RSt QACkStrayer et al, 2017). 1222 A& L} 4
8 7ttt bt BEE MAMCRZ AMEN BASI 2FX2| AM 248 E0 & = A= HUD (Head-Up Display)?t CHFE|2
RALH(Charissis and Papanastasiou, 2010; Hauslschmid et al., 2015).

HUD= JMEL} Hro| oK 9452 A8 2TX2| A|A|0f 7t4 O|0|X|E TEHSH= AlAHO[CHYoo, 1999). CHE-22| HUD
= & HHEZ BARD AKX 7| T mEf o ChYst 2 MEO| JhsIiX|n el 52 i g S8 T SF0ME Tt
o EEIL MSE 5 ALk 5 o4 AeE HUD 7|&2 s0{Li A= ASA FEo| 20| IR0 2FXAH HEY 5 U=
HId= XL YCHPlavsic et al, 2009; Stevens et al, 2002; Ténnis et al., 2009).

oHH M| AtsAtet 2HEE Atde Cf7H MES DeHat 2R Aget Q20| LOJLIX| S I LML A2 QA0 F

A B T 4ZoM otH 2HE 26l T & M3Ee YEE TR AIZ2E HCf 90%7HX| QX[” £ UOOF s, C|A
E20| ol A|2H L 2 FO|E Wellshe 2452 ANt 2 FOE XSS HA Z|0{0F BHCHBeggiato et al, 2015;

Lee and See, 2004; Wickens et al, 2015). 8AHLZE F¥ & LtE &F2 AL 2T £F|0f oJf Fof ATHo] FEE|1 OfF
P3Ol ftate 2 QI510] wEAt 7t Wdste 427t BCHNational Highway Traffic Safety Administration, 2016).

matM, AL YEE SMStD RA5H= IFF0IM A CIAE|0|17F 2 FEQL SHO| & &% (Driver mirror, instrument panel

S) AMZE FAE EO0|HM Fo| 24tu 2 ofN FHo| WUt fle RAS52 Hastd = s AHH oA AT EHasict
(Japanese Automobile Manufacturers Association, 2004; Lansdown, 1997). HUDE 27 Xto| A|M 2ALS E0|HA ECt CHYsH HEES
H3g = e Qs A etz 83 UeJt it 2 dRoMe Fids W 2y BN 2FA7L T dgg o
X[t 7t2d HUDS M= W Mg Jts FYE HMAlsto] Ojef fME Wi ClaZe o] HE HiX| =E30i| O|6}X|St O} Bt

2. Related Studies

2.1 Research related on HUD

HiE[A0]4d, ZEIDICI0] S At Lo 24T FEAAEO| HEFH| Wt LAHQ FAT[S olelof 2TXA MSE= FLE &0
5H A U 8L 2 1f°‘° T8l oLt 2HA

45 SO0iLt ULk AMIMK| = F2 MEHAOF C|AZ0] X HAEES
S Y ZMTOI XIHEO ALt w2t F-0| Ojxl= I
o EA g2 =M XtSAH HUDO TSt A7H7F S - ISHA O|R0IM 2ACt

ck and Park, 2018; Guo

S HUD 40| 2Hx ERZ ot HEo 57 U 584
X 1 50| MEJ} QMH

et al, 2014; Huang et al, 2013). 0|2 53} 2TAIE A ™ =
O NSE7IE Hste U= LIEFRLLY Et%gié HUDO| 7|&X lof CHet Riskd s Slsh A7t QUCHBetancur et al,
2018; Blankenbach, 2018). 7|& HUDO| MAlZl= & Field of View (FOV) & £& H2|& Zatst=0 22 a0

HE
U= 0j2f HUDS| FOVE S oidit 3D BAF 7|82 83l 4 & 3712 = AS0| SRt

=3t HUDS| ALBL 2 Q18] 2R
0N T2 HUDY| Bte Tha:
HE HE 2E3H 59 Ho| 2ot M3 o|r

< 019(Ct,
WOl Wt WA QX XY Hotet Fo

A OXls del® g 248 A7 EM5HRACHHwang et al, 2016; Jose et al, 2016). 7|Z A
t 9 A 2l &2 EE HSdts B&0[7(0] HUDO CHe

o= HAE 2R O} ZHES HO|EZ A|ZEE ERA ALY
o

x|
tot | oj| = gt% ZAPSE A= QUACHSmIith et al, 2017). SHX|2H SE

e

=
N
0E
oln

ChstolZtEstel x|
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ot2 A2 HUD 97 Olff &

&g AQl7tof ot A7t thFE D Q{CHKnott et al, 2015).

Bl

E2 FHoZ AN o

10| 8+ X CHKrose and Julesz, 1990;

S3}CHVictor et al, 2005).
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2.2 Research related to distraction and performance on driving
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Saarinen, 1993; Saarinen and Julesz, 1991). £3] 2%}
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3. Method
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Figure 1. Driving simulator

3.3 Experimental task

7|E 371 HUD 2t AF0lM TR S H = ot Hetd g HEtsten E8E0 2 RAMENNE HE XAH=FE & & 43
EIIRR7E XFE QA = ICTE Ste MME $+ASIAULE 2F XA ol T2 —|59f Heds SAl D2k 2wl A4t &ot
Of St JHAI7t HOtE 2 EMAIZt0| B7tsts ZeS 1243t CHNunes, et al, 2006; Remington et al, 2000). [2tAl 27H0)| ot st
£ YOoI[X| UoUAM MY WHQ HO|=E YT & FXISH| sk 2t SFEE 4712| =XHE HYX|SIACE ST XA EUH = 2
ME M0 2% 55°30cm 7HH), = 125°(15cm UZHE 7|ZC2 TEE & 9710 Y9 Lo YAtz F=2 HYX|E 4749] %At
EHSRE 25 &M, 50~90CH2| =Xt} St HHESHA HIX|E(0f AUZ) BOIM A, 23t 52 24, #5 Poﬂ sfieste 2719 =t
£ T5E MAISHH AT XS AlEo 2 1T +85te SAo2 THE(RUCH MBI st&521t ot 2EQ0lsS
EA35L7] Qo HAHMAl &ME AHE dol o, F, 5 FF0| RHRE XL = E SHSIAUCE 0|2t 22 counter-balancingE &
StO] AFAHINE TIASO| ANM HO|=E SUS +F2E |X[SH X} SHRICH

3.4 Experimental design
3.4.1 Independent variable
Areas of HUD

HHE JoMol 2HAt L B Ses K= Fo dHHSZ HUDS EA| FAS HESIALE. Figure 20 LIEFH 240t 20|

Foveal Eye field Head field (neck rotation) 1 2 3

* * * *

IAE ) ox
o Full body 4 5 6

o 4 20~30 * 90~120 7 8 9

Spatial separation between two items (degrees of visual angle)

Figure 2. Spatial separation between two items(degrees of visual angle; Left) and Classification for areas of HUD (Right)
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Sk AOI (Area of interest)Of|A] CHE AQIZ FOIE BT I E&= FE T T H(AE Information Access Effort) HEE 124510 HU
o] EA| SYS 972 TABIQCE HBYGCYH)S 7|FC2 $EO2E A3l 55° 30cm), B2 & A2 1257 (15cm) A= 7—|
YAES HYXISIRACE Ol AOI 2 A[Zt=Qb X2k L SHAOM 24 ol CHot AlZE Fo|E 2Esh= WO ot oFS s 2
SEAE SEEV 2 (Wickens, 2014; Wickens and Horrey, 2008)2 S8¢f 2 &3 &40 M85+ Z0|Ch A|ZE Fo/0f CHet HXE,
L3 J|CHX], ZEX[of CHot 47X @AF nefsf & o7 FY2 R FLESIAUCE 5 Y2 =29 SAY 10| X 4= U1, 2,8 4,6 %4

[LIN |
g2 F£o SXYUOR QX7 ThstH, 1,3, 7,9 FE2 HE|Q =2 ZF O|SAIF0F QXS = U= 58S 2ol biX| =AUt
M 28 T2 Figure 31+ 2L,

Figure 3. Number layout by area of windshield panel

Driving status

= AF0ME 2THEN AA| FHE YoMl AlZtH EA B30 g2 O|E A2 7FISHAULE Table 12+ 20| 37HX|(1 BN =
& 27, 2 el ZLIEE =F take-over, 3 AEf: FO| 24 TF take-over) SUMENZ TEIULCE SHXI HE2 Q170 FEA2|
AWFE 2250, 1, 2 JEfOIME 5 SAS BHM ZUEE o1 3L, 3 JEj0M= HEESZ 22Xt ELH7|E SITH7} take-over
Mge FUCh HEE Al Z 0| Yt L8Ol ists O B2 FHTHI0| LoD HAIX 21 BU7|2 INS 2ot
S CHHorrey and Wickens, 2006; Renddn-Vélez, et al., 2008)
Table 1. Three levels of driving status
Driving condition Whether take-over or not Monitoring Driver behavior

1 (Manual driving) X 0 Keep eyes forward

2 (Take-over during monitoring) 0 0 Keep eyes forward

3 (Take-over during distraction) 0 X Use a cell phone

Traffic congestion

& SUEE Figure 42t 20| E2t0|Y AZYO[HOM HSdte D&z HHEI NS =2 SEUH| @8)s BHSst
o
AN

4= —
Cf. CRAl &3 H =2 720 L Aol S5 I THYHE 7|EC2 =28k B &2 2SI
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Figure 4. Level of traffic congestion: Congested (Left), Not congested (Right)

3.4.2 Dependent variable

Task completion time

oY AZAIZE2 WA R0 A0 £ =S FHots 7HY A2 GIHKE T SHLO[7|0f AR ERFOf St TEHF2
M5 ACHFitts, 1966). Figure 501 =42 3 Z4at 20| FF2 A EMHE Q8T Al TAZE MAIE XSEAAEMH 28)2
QMG = ICTE sdots A2 TIYO| &Lt Tt 2 oMol ot 2EAZI2 A=Se2RE QASH=E Z2l= Azt 2l
Aot 0|22 LT S 2AZot=H Zals § AUz FolBtAtt

<
<

Completion time

Figure 5. Definition of task completion time

Subjective workload

Table 2. Modified Cooper Harper scale definition

AEEIIRL Lyje FaHol &Y 215 &

RACHWierwille and Casali, 1983). 2t =XFAEK|OICE LCTE 13] s&SH EIt
20jx el 2 —’F-’-.f-%—?—% 0131%0| HX|= H=O|Ch MFXHCSZ Rating 9, 102 L
ZmMo= I CIXtelo] et =F, 6~82 &S 245t7| 2ol C|A

280] ==

2320 == 27 A

St IAt Table 20 HHE|0f QU= MCH (Modified Cooper-Harper handling scale)S X 83}
S UL MCHE| B7HHEE 10 £E2R2 0]

85/7| #E0
HEof thet Zo| JHME0{OF st +F,

Rating Adequacy for selected interaction Display characteristics
1 Display is acceptable Excellent & highly desired
2 Display is acceptable Good with negligible deficiencies
2o 5 ChetelZtsstal x|



Display characteristics
Minor but tolerable deficiencies
Moderately objectionable deficiencies
Very objectionable deficiencies

Major deficiencies
Major deficiencies
Major deficiencies
Major deficiencies
Major deficiencies

A Study on Classification of the Preferred Areas of Head-Up Display (HUD) while Driving 657

Adequacy for selected interaction

Deficiencies warrant improvement
Deficiencies warrant improvement
Deficiencies warrant improvement
Deficiencies require improvement
Deficiencies require improvement
Deficiencies require improvement

Mandatory redesign
Mandatory redesign

Rating
10

Table 2. Modified Cooper Harper scale definition (Continued)
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p-value
<.000
<.000

Fvalue
1711.983
494327

DF

Source

Driving condition

4.1 Task completion time
Table 3. ANOVA results for task completion time

4. Results
Area
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Table 3. ANOVA results for task completion time (Continued)

J Ergon Soc Korea

Source DF F-value p-value
Traffic congestion 1 276.204 <.000"
Area* Driving condition 16 2.530 001"
Area* Traffic congestion 8 2.392 015
Driving condition * Traffic congestion 2 1.848 158
Area* Driving condition * Traffic congestion 16 1.202 260

*: Significant at a=0.05

Figure 6014l 2= Hiet 20| 2ROIA| ¢i2 =4 St It HEAIZF2 2TSELZE 22 Of 1 3
ot F9Y 4,5 601 Y AEAIZHO] FH2 =

Not congested

==~ Area 1 (Group 1)

> 4 Area 2 (Group 2)

5 il = Area 3 (Group 1)

-g Area 4 (Group 3)
% * =¥ Area 5 (Group 3)
g 4 =&~ Area 6 (Group 3)
S ==t Area 7 (Group 1)
> == Area 8 (Group 2)

3 e Area 9 (Group 1)

Driving condition

Figure 6. Task completion time according to driving conditions when traffic is not congested
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Congested
=4 Area 1 (Group 1)
6
- Area 2 (Group 2)
> e Area 3 (Group 1)

. e’ Area 4 (Group 3)

=¥ Area 5 (Group 3)

=@ Area 6 (Group 3)

Completion Time
n
(6}

e Area 7 (Group 1)

e Area 8 (Group 2)

e Area 9 (Group 1)

Driving condition

Figure 7. Task completion time according to driving conditions when traffic is congested

5065 5034 4907 4865

| | I H
0 C C D D
7 1 9 3 2

Area

N

N

Completion Time
w

_

Figure 8. Results of post-analysis on task completion time by area

4.2 Subjective workload

FEHQ XY 23t0f et 242 A (ANOVA) 21}, Table 42t 20| R2l+F 00501M B9, 2TYHEH, 2= 25 SHE MCH scale
Haoll ool Folst xto[7t e A2 2MEACL 292 2t NSHE2 Y 2THE] A0|Q] WD EE(p<.001) YY1t =2HE

| MM
AO|9] W2 X E(p=0012 AL RTELEQL ZHE A2 W2 X (p=.343)2 ROISHK| HRUCE

http://jesk.or.kr
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Table 4. ANOVA results for completion time

Source DF F-value p-value
Area 8 399.046 <.000"
Driving condition 2 671.350 <.000"
Traffic congestion 1 851.732 <.000"
Area* Driving condition 16 10.144 <.000"
Area* Traffic congestion 8 3.396 001"
Driving condition * Traffic congestion 2 1.072 343
Area* Driving condition * Traffic congestion 16 0.310 996

*: Significant at a=0.05
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Figure 9. Subjective workloads depending on driving conditions when traffic is not congested
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Congested =4 Area 1 (Group 1)
6 =l Area 2 (Group 2)
55
. wde= Area 3 (Group 1)
% 45 sRaRASRSEEESRuL, Al'ea4(GI'OUp3)
‘2 4 = Area 5 (Group 3)
O 35
E 3 «=— Area 6 (Group 3)
©
S 25 et Area 7 (Group 1)
2 e Area 8 (Group 2)
1.5
e Area 9 (Group 1)

Driving condition

Figure 10. Subjective workloads depending on driving conditions when traffic is congested
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Figure 11. Results of post-analysis on subjective workloads by area

5. Discussion

A2 AT LD o A W 2HRA O H2 EEE M= Ol2 HUDO HiSh 0| S7t8tn ULt £3] FY
M= 2RI & 2t QIE M0 F25t7| HE0| HUDE &% 2T Al Z40|LE D2 Zha 23 A7) st
do|d QUCE 7[E HUD 3 AF7F AREH 4 F2 UL QAL 0| HE2z 483te1 UK F g7 S+d M2
oIt RHESY FEE MY 0| HH Heleh S0 BAIB) FO{0F 517|0f HUD Y2 H Oy AH HiX|0f Zete|X| G
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