J Ergon Soc Korea 2017; 36(6): 609-620
http://dx.doi.org/10.5143/JESK.2017.36.6.609
http://jesk.or.kr eISSN:2093-8462

JESK

Content Guidelines for Multi-Display User
Experience in Autonomous Vehicles

Yoonhee Lee', Hoonsik Yoo?, Younghwan Pan'

1Department of Interaction Design, Graduate School of Techno Design, Kookmin University, Seoul, 02707
2Yonsei University, Technology and Design Research Center; Incheon, 21983

XHEFUAY W) CHE CIASHO| A8 AES Y%
ZEx @2 sto|=atl 6P

Corresponding Author
Younghwan Pan

Department of Interaction Design,
Graduate School of Techno Design,
Kookmin University, Seoul, 02707
Mobile : +82-10-3305-1011

Email : peterpan@kookmin.ac.kr

Objective: This study aims to provide guidelines to define the priorities of contents
offered according to driving situation and each display’s location within an autonomous
vehicle in a multi-display environment.

Background: As various multi-display types have become recently installed within
vehicles, the contents used become diverse. Vehicles have evolved as a content-
consuming platform and beyond a means of transportation.

Method: This study set driving as two situations: general driving situation (driver's
driving) and autonomous driving situation. A total of six locations of multi-display
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installations within a vehicle were defined on the basis of driver's seat. The content
system offered within a vehicle was established as a form of communication,
information, and entertainment. With all these considered, this study targeted 102

drivers and conducted a questionnaire survey.

Results: The displays showing statistical differences in user needs between the general
driving and autonomous situations were cluster, wind shield, door window glass, and
ceiling. No statistically significant differences were revealed in the HUD and center
fascia between the driving situations mentioned above.

Conclusion: As a result of examining the differences in user needs between the
general driving environment and autonomous driving environment, big differences
in user needs were shown in the displays that did not exist in the existing general
driving environment or whose content use scope was limited. According to a cross
analysis result based on gender, significant differences were shown only in the general
driving situation, and there was no item showing statistically significant differences
according to age.
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Application: This study can be used as a base study to draw guidelines offering user-
oriented contents provided through autonomous vehicle displays. The study results
have a meaning in that they proposed user needs-focused content factors.
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1. Introduction
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Figure 1. Similarities between automotive platforms and Google platform evolution (Jeong et al., 2013)
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2. A Preliminary Study

2.1 Definition of autonomous vehicles
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2.2 In-vehicle multi-display
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Figure 2. SENSOR TECHNOLOGY ROADMAP AND AUTONOMOUS FUNCTIONS ASSOCIATED (Yole Développement, 2015)
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2.3 Content definition
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2.5 In-vehicle infotainment classification
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Figure 3. The concept of car infotainment systems (Chang and Hsiao, 2011)
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£t 7ls SEYUE QHHQHE A|ARS TFESH A Z UCE Yang et al. 2007)2 Kb QIZE| QI E°| FaME MY, EY ES
7Y FHNYES D25 J|s S 7IE2E I HHAOM, AHEQAHE, HFLAO|MZ A|ARS FLE5HAC
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3.1 Service-oriented Smart car
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AE S8 AH2T0| Ladt YEEU OfL2 ALBAS] 270 Fefsls REY 0|5 MH|AE MSSH0] Lyt HI=LA RES T
Eoh= ML X|gE ADE AFSXLO[CH(YY, 2015).
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3.2 Vehicle autonomy level and driving situation

Aol +F2 0|7 Xt&kt 0|3 AHSA7| =X 2| (SAEOIA HAISH level 42+ O =2 S Z(NHTSA)OIA HAISH level 42
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evel Acceleration, . response Level
A environment
deceleration
0 No Automation Driver Driver Driver 0 No Automation
1 Driver Assistance Driver Driver Driver 1 Flinction Specnflc
Automation
2 Partial Automation Al System Driver Driver 2 Combined FL_Jnctlon
Automation
3 Conditional Automation Al System Al System Driver 3 Limited Self-prlvmg
Automation
4 High Automati Al Syst Al Syst Al Syst
igh Automation ystem ystem ystem . Full Self-Driving
5 Full Automation Al System Al System Al System Atkometion

Figure 4. Vehicle autonomy level (KISTI, 2014)
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3.3 Display location
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)

[ Ry i}
| A|OK(Center Fascia), @ 2 F&/(Wind Shield) ® & & {EI&(Door window glass), ® H% (Glass roof) & 622 S2|SHRACHFigure 5).

o

Figure 5. Defining display locations

3.4 Content elements

g Lo HBsts 2HX 248 UM HEHE 2RMA 5 St=EXSAATHL| KA 82d 2HE ZFRAAQ =AZE
YOojEls e 'HY BHX ERHA'E FSHNCR HYsto FEO £4Z 7|E2E Communication, Information, Entertainment=

st 2t i2F 8 2= QAF Communication¥l= (@) 2I|A ZEAMAILY AEEZI, O|H Y F), (b) SNS@|O|AS, AAETD
= BH & MMEHZIRE, 22, /M 5), (d) 2bedE2t, SR AIX|(SMS, MMS), Information0il= () w2, &M, (f) HIHA O]
M@E HE =3, (g) 2%, (h) 2 (e-learning), EntertainmentO£ (i) AlY, () 2, k) s}, () VERIBOZ 2t [|EF B2 24

Table 1. Content element definition
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Table 1. Content element definition (Continued)

Main category Content elements

(i) Game
(j) Music
(k) Movie
(I) TV Program

Entertainment (4)

4. User Research

2RI Lot Mgt XteFY AYM CIAEY 0] X HE2 Moste 2HXE Q157 Q8| 20173 422H 52K 1029
o RUXE ML E MEZXALE A™SHAUCHKAIST, 2013). AX| CHEtRl=2| 2Kt FH|(EXE 59.2%, O1X} 40.8% (STATISTICS KOREA,
20178 1250} EAt 64 (62.7%), OAL 38 (37.3%)0| HEZAL| HOISHRA L, HEXRAL HOAt| B 28 ZH2 1169, 28 ¢
= 8¢ F 33Y, G L0|l= 38.1A10|CH
4.1 Survey question
Lot XEFE 2425o| ME0|lM 6712l ClAZ0[ofA 12742 = QA F 71 0|8%17|E M=dl= ZHXE of 744 1
ECE 510 & 12202 HE 20| FHE|AUCHFigure 6) (Table 2)
Table 2. Survey question
Driving situation (2) Display (6) Contents (12)
(a) Office program (Intranet, e-mail etc.)
(b) SNS (Facebook, instagram, twitter etc.)
(c) Messenger (KakaoTalk, LINE, wechat etc)
@ Cluster (d) Videotelephony, SMS, MMS
@ Head-up display (e) News, weather
1. Manual driving ® Center fascia (f) Navigation
2. Autonomous driving @ Wind shield (9) Shopping
® Door window glass (h) e-learning
® Glass roof (i) Game
(j) Music
(k) Movie
(I) TV Program

4. What content do you want to use the most through the screen located on the windshield in autonomous
driving situations?

) Game O Music ) Movie ) TV Program £ 4 > .7\
w5 2 -

) News, Weather ) Navigation ) Shopping O e-learning

) Office Program ) SNS (Facebook, Instagram, Twitter etc.) Messenger

) Videotelephony, SMS, MMS

Figure 6. Examples of question items
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5. Results
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5.1 Based on the driving situation
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Table 3. Preferences according to the driving situation of the cluster

(@) (b) © @ () () @ Q) @) 0] (k) 0]
Office | SNS | Messenger | Videotelephony, | News, | Navigation | Shopping | e-learning | Game | Music | Movie v
program SMS, MMS weather program
Frequency 2 1 9 10 9 45 1 2 1 20 0 2
MANUAL
% 20% | 1.0% 8.8% 9.8% 8.8% 44.1% 1.0% 2.0% 1.0% | 196% | 0.0% 2.0%
Frequency 4 2 10 6 10 38 1 0 9 7 9 6
AUTONOMOUS
% 39% |20% 9.8% 5.9% 9.8% 37.3% 1.0% 0.0% 88% | 69% | 88% 5.9%

HO: The response distributions of autonomous driving situations and general driving situation are the same.
H1: The response distributions of autonomous driving situations and general driving situation are not the same.
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H1: The response distributions of autonomous driving situations and general driving situation are not the same.

Table 4. Preferences according to the driving situation of the glass roof
HO: The response distributions of autonomous driving situations and general driving situation are the same.
5.1.1 Statistical difference according to gender
5.1.2 Statistical difference according to age
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