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[Abstract]

This paper proposes a user interface (UI) design that allows customized communication between a vehicle’s Al and driver
through a display mounted at the center of the steering wheel and a haptic-enabled rim interface, aiming to enhance driver—vehicle
communication in the near future. Through related research and case studies, the characteristics of five types of display locations
within the vehicle were analyzed, and after organizing 31 touch gesture types, touch gestures for the steering wheel and six haptic
patterns were derived. Subsequently, a customer journey map containing five-step touch points was created, and a prototype
interface design was developed for each scenario. Detailed guidelines linked to input and feedback for each scenario were also
produced to present a multisensory connection method to strengthen driver—vehicle communication and enhance the emotional
experience. This study is significant in proposing a communication-enhancing service for steering wheels in the near-future

autonomous driving environment, where there is strong potential for changes in terms of purpose and functionality.
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Fig. 6. 31 types of touch
cation
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Fig. 7. Touch gesture types and Haptic patterns on the
Steering wheel
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Journey Map

Driving Start

Driving

Phase oGet in to car g The familiar path (commuting) e Unfamiliar path (Trip)
i o aister g - avigation-depeal \
Tm!.c:h 59_"1[9('1 in the Register Familiar, repetitive driving Navigation ..iL{J endent
Point driver's seat destinations driving
Emotional @ Expact
Experience Expact commiurlcation (%]
destinations with passengers . - Contused
* to b sot e @ a
I bty Embarrassed
= It's hard to check the status af a » Feel bored and tired while driving = Heavy reflance on navigation
Pain vehicle one by one « The familiarity can catch driver off guard, » Confusion about when to trn beft and
point « Theywanttoreduce thetime and  + Frequent speeding and fane changes when right
effort of route discovery rushing to work
= Want the car is welcoming them. + Want to relisve boredom and hurry « Want rest stops and nap spots
Meeds  « Easy and intuitive destination + Want passengers to relieve boredom based on traffic conditions
registration » Want perconalized conversation topics
« Al agent with a messasge + Propose routes that reflect traffic contexts  » Assisted navigation In confusing road
St i stomalls dastinaen + Personalized conversation toples for the conditions
. up autam, :stinations driver, Including music selections, English = Suggest rest stops and nap spots
S\ts:dng with Google Calendar conversation e R
eel » Propose swilching to sedf-driving mode
Feedback ..
6 Haptic
« Confirmation « Notification + Proposal « Naotification [ Proposal
® Auditory
L ing  « \Voice + Proposal to check current status  + Announce things ahead of time that
message might surprise drivers

I8 8. 14 ofY XE
Fig. 8. Customer jouney map

o Emergencies

Accident Other issues

Embarrazsed

Lack of behavioral guldetines, Including
cantacting insurers

Lack of ways to notify situations such as
suddznly cutting in, stopping suddsnly
Supgest guidelines for incidant

Audible and tactile alerts, aven when
you're not looking

Obstacle Detection
Behavioral guides to calm drivers

Warning [ Proposal

Guide message with soothing voice
1ones

Driving End

@ Parking

Ending

Eaking message

» Hard to park ina narrow place

= Getintuitive feedback on drivers’
steefing angle with haptic
feedback.

= Steering angle guide

= Al agent

+ Haptic according to steering angle

+ Driving Guide Vioice
» Ending message

@ Form Factor Sketch —— Frovides
380mm
mmm [ \
/ Yes [Haptic and sound alerts| Talk with Al agent
il Music and
/ No Switch to Self-Driving Mode
| 220mm
kS ¢ Yes_[ Road Surface Marking .
\ Unfamiliar Routes oM H Contextual navigation I
5 - No
e Form Factor Sketch

a8 9. EWE AAR & ClAfR

Fig. 9. Form factor sketch and design
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Emergencies
b

Behavioral guides || Call N9/insurers |

Dstect e HHﬁpﬂc and sound mns‘

e

Parking Assist

3-3ALE|RE
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S
8 10. 57H] m|eh AlLiz| 28] ERS B
Fig. 10. Flow maps for 5 suggested scenarios
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© When to set a destination after getting into the car

Al agent facial expression @A vehicle Status B Auto-set destinations

-
Sinchon Station

@B Drowsiness recognition and alerts Talk with Al as a passenger

Opic exam. Opic exam.
-~ -~

Are You Switch To
Sleepy Now? Self-Driving Mode? [ ] L

@B Steering wheel that responds to music and touch

@0 T B

© When driver is visiting a new destination
Road Surface Marking Guidance

ENavigation reflects real-time context

@ Incidents or other issues
Pedestrians or obstacles in blind spots ) Behavioral guides during an incident

Are youina
contact accident?

ve

Contact your insurer

1544-

© When to park and turn off the engine - Parking assist
Steering angle assistance

a8 1. ALi2|2

g T2EERY QlEHo|A CIXIe!
Fig. 11. Interface design by scenario
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Scenario Input and Feedback based on Scenario

B vehicle Status Feedback @ Visual Feedback Auditory Feedback Haptic Feedback

+ Feedback on whether the « Alagent with =« “Hello. The weather is good . * Display haptic , QK. I'm going to the place
vehicle is in good condition, asmiingface  loday, and the car engine is in = Corfiam o b P Ggogregc:a\end{;v‘
such as the engine good condition," = ;

« After confirming, enter the « With cheerful connection = "l want more lnftirmal\cn

o destination sound effects about scratches
Dg'{“'"‘lﬂ B8 Auto-set destinations > Visual Feedback {7 Auditory Feedback <@ Display touch Input ) Mic Input i Haptic Feedback
A »,

+ It works with Google Calendar « Sinchon Stationon * “The fastest way to get to « Search « Confim  + “Let's go” % R B
to automatically set drivers’ Google Calendar Sinchon Station by 1200 other route + "Recommend
desired destination and + Provide avold i to avoid downtown" another route”
suggest a route. downtown routes

ERED Talk with Al as a passenger ISR i Visual Feedback | [PMicinput | [ Auditory Feedback | ® Visual Feedback

« In situntions where the driver is « Calling Al agnet » Alagentwith + Driver says whatthey  « Al talk to the driver, offering « Talking
g!?lr- bored "". the road, they can through volce a smiling face want 1o talk about ike English conversation for the Al agent
call up the Al and have a 'F. cammands "OPle exam” OPlc exam
conversation with It on a variety .

9 of topics. Calling Al
Hpr::lll.i" BB When the driver Is tired Lim touch Input | < Visual Feedback @ Dlsplay touch Input (&> Visual Feedback | 15 Lim toueh Input @ Visual Feedback
+ It detects the driver's sleepiness « Chack driver ol Bt + Self- S » Screen that
40 prOpOEEs In Itonomous & é sleapinoss driving Ay responde (o ihe
dibving mode ht : e users tapping

» It detects the music and rim tapping with his or her

to provide interactive fesdback. With Music finger rhythim

Variable navigation [ Lim touch Input i Haptic Feedback | ) Auditory Feedback @ Visual Feedback <8 Display touch Input

9 « When the driver's handle contact = Rim haptic « "The driving ls getting  * "5, Please” = Notice service Area
Un- time is longer than the average, > ¢ 3 3 Jonger, do you want » Notification rest » Resetting
familiar an appropriate contextual path g me 1o guide you to & time considering the Path
path can be proposed. nearby rest area?” rosd conditions
Long Time such as traffic jams
Emergency guidelines Visual Feedback *® Haptic Feedback E-T-' Auditory Feedback | 5 Lim touch Input Visual Feedback EJ Auditory Feedback
0 « Detects obstacles located in blind « Steering + Rim haptic « "A pedestrian is detectad in » Guidefines for = "You were surprised, right?

spots and pravides notifications. angle guide the near rear Watch out for

« If an accident situation is | ' I reverse"” ‘i‘\\

Insurance, Don't worry, 'l :unnact
Emergency you toa regl
Contact, etc Insurance company, Please
follow my guide.”

Emerge

“NCIES  detectad, an accident guide is
provided to reassure the driver.

Parking assist S Lim touch Input | Visual Feedback '_' edbe Haptic Feedback isual Feedback | i) Auditory Feedback
@ « It quides the steering angle through » Steering + Warning tane when an * Rim haptic « Alagentwith * “We've safely completed
Driving | e sieacng wheel srmen whee the angleguide  obstacle is found in the rear - asmilngface e drve. Take a est
End rver pa S o . * "There is a risk of collision =
« End of parking, driving is terminated } near the right”
with an emotional message. Parking mode

a8 12. AL2|E I, Z|=4 oA Jjo|=2tel
Fig. 12. Guidelines for connecting input and feedback by scenario

2261 http://www.dcs.or.kr



C|X " 2El = &5[=&X|(J. DCS) Vol. 24, No. 10, pp. 2253-2263, Oct. 2023

v.2 B
& A 20 2 Aol a7E 23 7)E 9ol |

goll 71 g5} 715 ST Al ek s el A, B
Home A3 Amu 4 28 Aol a8 1291 Aol
2okstol A&7 2004 3RAR 7he BA, E 20
of £ 2% BES HBI ALke]e. mE} TRl
AL 3] 1% BH o ALH B ATE B wE
& A3k et 2k A, B AT 2L AREALE B
Az ) isZelo] 94 @l ve 54 BAa9lD, o
£ ) 2Eoly B 2aAsh At g g, A%
o2 A, & 2ol 491 A A0 Uil 2
o] Thsatths A% setsigi), 53] vhol 18 AHSE

Mﬂdﬁ%ﬁ]Wﬁﬂﬂﬂﬁfwﬂﬂﬂ@E%%@%Vhé

2 A= QAR £&E % 5 AT E, 47) A=A}
s A2, 571, 37k SRelA 2Elols Bl Q1Fw v=
W A|2EE BAsle] 2% JEkE 918 $U A7 b o
g m=Eaigth B, B A3 AT B4 Fa) Qlgte]
74 4 ol HA AAA £ 31HAE deld 5 ol F o
A A5 2, ) A, B mE R ARRsel Aolr}
S Sk e}y Be) BX AsA £33 ol
=

67b4 e A mEslch A, B4 Aol =S
Hho & SR BA AES} 91 17 o) AwE A
oy wgl TelEs Uz, aela s AzE el
SRk P, 2<Elo1 B Fe] Bl e <o) 53
syor xgshe 2Elold A /)RA s)5el 43
ARE AT g8 93] FaER tsls &4 o

= A|ZF 9 el mjealo 7 xjeky) AES A
A2 ZES AAGIL st 2 57)
% /\15 o Equ }\424 }\]é %

r—{o

|
1
B

oft

1450 2 4 A, A ol

P I T R
AN, 2 A AL A o
AT A3} A Al a%sm 9
3l

2
B
- QE,
>,

ar
L
N L

off rlr
)

ol S
o

TR

m\«l 4
ko
_|L
_EL
r_‘
o
JH
1

rr

0,
2
o
e J

M > ¢

o

o 2
(]

T2

¢

i_‘
ry
=y
£
o

e o e
~N
olf

2 op

4 H

A=A  LS. A)
201:1

RECRU 2 BN off Mmoo L > o X

B
ol
ok
=
e

http://dx.doi.org/10.9728/dcs.2023.24.10.2253

HaEd

[1]1 J.  Shuttleworth. =~ SAE  Standards News: J3016
Automated-Driving Graphic Update [Internet]. Available:
https://www.sae.org/news/2019/01/sae-updates-j3016-auto
mated-driving-graphic.

[2] T.-S. Hong, “Direction of Revision of the Road Traffic Act
According to the Operation of Self-Driving Cars in the
Current Level 3 Part - Refer to Japan’s Revised Road
Traffic Act and Road Transport Vehicle Act in 2019 -
Legal Theory and Practice Review, Vol. 10, No. 1, pp.
151-178, February 2022.
https://doi.org/10.30833/LTPR.2022.02.10.1.151

[3] Y. Lee, H. Yoo, and Y. Pan, “Content Guidelines for
Multi-Display User Experience in Autonomous Vehicles,”
Journal of the Ergonomics Society of Korea, Vol. 36, No. 6,
pp- 609-620, December 2017.
https://doi.org/10.5143/JESK.2017.36.6.609

[4] B. R. Yun, D. E. Park, B. K. Kim, J. Y. Cho, and Y. K.
Park, “Evaluation for the Cognition and Usability of HUD
while Driving,” Science of Emotion & Sensibility, Vol. 17,
No. 3, pp. 117-128, September 2014.
http://dx.doi.org/10.14695/KJS0OS.2014.17.3.117

[5] D.-Y. Cho and K.-J. Park, “A Study on Design Emotional
Factor by Car Interior Cluster,” Journal of Industrial Design
Studies, Vol. 7, No. 2, pp. 33-42, June 2013.

[6] Y. Hwang, K. H. Kim, Y. J. Kwon, and D. H. Kim, “A
Study on the Drivers’ Preference for the Variable Contents
Digital Cluster,” in Proceedings of KICS(Korean Institute of

and  Information  Sciences) Fall
Conference, Online, pp. 303-304, November 2020.

[7] S.-W. Cho and Y.-R. Koo, “Study on U/UX for SmartCar
Driver: Focused on Digital CenterFascia and Cluster,” in
Proceedings of KSDS(Korea Society of Design Science)
Spring Conference, Seoul, pp. 164-165, June 2017.

Communications

[8] Electronic Science News. Continental Develops Display
that Allows Passenger to Watch Video Without Disturbing
Driver [Internet]. Available:
https://www.elecd.co.kr/m/article/articleView.asp?idx=29970.

[9] Carscoops. 2024 Mercedes E-Class Interior is One Giant
Screen for Media Consumption [Internet]. Available:
https://www.youtube.com/watch?v=t9crNISOrWE&t=2s.

[10] C. Y. Lee and D. Y. Ju, “Display Based Combine-Split

Steering Wheel Design on Autonomous Vehicle,” in
Proceedings of KSAE(Korea Society of Automotive
Engineers) Autumn Conference, Yeosu, pp. 1195-1196,
November 2021.

[11] Gommeblog.it. Byton M-Byte - Interior - How Works the



[12]

[14]

[17

—

[18]

(20]

[22]

(23]

48-Inch Display [Internet]. Available:
https://www.youtube.com/watch?v=Ka7UDKw9JH8&t=68s.
J. S. Kim, E. S. Jung, S. J. Park, and S. Jeong,
“Determination of the Optimal Control-Response Ratio for
Data Searching through a Touchpad Placed on the Steering
Wheel,” Journal of the Korean Institute of Industrial
Engineers, Vol. 35, No. 2, pp. 141-149, June 2009.
inews24. Hyundai Motor Group will Lead ‘Mobility
with Its Own OS Platform [Internet].
Available: https://www.inews24.com/view/1471051.
Dailycar. Steering Wheel with a Screen?..Hyundai Files

Innovation’

Patent in Germany [Internet]. Available:
https://v.daum.net/v/kgtCBjSoWL.

Tesla. Model S Owner’s Manual [Internet]. Available:
https://www.tesla.com/ownersmanual/models/en_us/GUID
-DEB259CC-ABAC-4BFC-8D10-B7B1BBCFCB1F .html.
J. Y. Kwon and D. Y. Ju, “Interior Design of Fully
Autonomous Vehicle for Emotional Experience: Focused
on In-Vehicle
Activity,” Science of Emotion & Sensibility, Vol. 21, No.
1, pp. 17-34, March 2018.
https://doi.org/10.14695/KJS0OS.2018.21.1.17

Attificial Intelligence Times. Kia Unveils World’s First

Consumer’s Consciousness toward

Al-Based Real-Time Emotion Response Vehicle Control
System [Internet]. Available:
https://www.aitimes.kr/news/articleView.html?idxno=131
18.

MIT Senseable City Laboratory. AIDA - Affective
Intelligent Driving Agent [Internet]. Available:
https://senseable.mit.edu/aida/.

B. R. Yu, “A Study on Emotional Content Direction of
Automobile A.I Service Based on Driver’s Situation,”
Journal of Basic Design & Art, Vol. 20, No. 3, pp.
199-209, June 2019.
https://doi.org/10.47294/ksbda.20.3.16

IT Chosun. ‘Ioniq 6’ Air Resistance Hyundai ‘Tops’...
Electric Vehicle Evolution Accelerates [Internet].
Available:

https://it.chosun.com/site/data/html_dir/2022/07/13/20220
71302032.html.

Naver Dictionary. Haptic Interface [Internet]. Available:
https://terms.naver.com/entry.naver?docld=865063 &cid=4
2346&categoryld=42346.

H.-J. Kim, “Automotive Haptic Technology Trends,” Auto
Journal: Journal of the Korean Society of Automotive
Engineers, Vol. 39, No. 12, pp. 24-27, December 2017.

H. J. Hwang and D. Y. Ju, “Influence of Haptic and Visual
Information on Display User

Experience,” Design

Ho

()

2263

XX}

(24]

(25]

[26]

% A FoF : UX/UI Design, Interaction Design

2001
2007
2019 ~
2009 ~ &

et ALl 20| whE oA

=glo] &

Convergence Study, Vol. 13, No. 5, pp.147-161, October
2014.

H. Iwata and S. Sugano, ‘“Human-Robot-Contact-State
Recognition,” [EEE
Transactions on Industrial Electronics, Vol. 52, No. 6, pp.
1468-1477, December 2005.
https://doi.org/10.1109/TIE.2005.858739

S. Koo, J. G. Lim, and D. S. Kwon,
Touch Recognition Interface Using Non-Contact Touch
in Proceedings of HCI 2008,
Pyeongchang, pp. 348-353, February 2008.

Identification Based on Tactile

“User’s Emotional
Sensor and Accelerometer,”

Apple Developer Documentation. Playing Haptics

[Internet]. Available:
https://developer.apple.com/design/human-interface-guidel
ines/playing-haptics.

4+7|™ (Gi-Ryeong Park)

20195Nﬁj H: oo—l
L RE

o

gstn gzl A
>~

a5 A8t

=

[

1S

1998+

(Geon-Dong Kim)
A B
(&
: Rhode Island School of Design,
USA (MFA, m<%3t 24}

s &g st (Doctor

of Design, t]A}218} HkAl)

sk41Ap)

2007

2017

~20041:
~2009:
20194:
2y

%o : Information Design, Interface Design, UX

ANATE
Tellart, Interaction Design Consultancy, USA

Visiting Scholar, Duke University, USA
Zogeu tAI AN A AEE W

Design, Meaning Making &

http://www.dcs.or.kr



	운전자 상황별 시나리오에 따른 디스플레이 부착형 햅틱 스티어링 휠 UI 디자인
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 차량 내 디스플레이 및 스티어링 휠 기능 분석
	Ⅲ. 디자인 및 시나리오 제안
	Ⅳ. 시나리오별 인풋, 피드백 연계 가이드라인
	Ⅴ. 결론
	참고문헌


