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VR Games for Infotainment of Autonomous Driving Vehicle

YOSHIO ISHIGURO™ KENJIRO YAMADA

We propose the concept of novel VR interaction system with the autonomous driving vehicles. Our system import actual
situations from real environment and convert it into the virtual environment on the basis of users’ interest in real time. In this
paper, we describe about design rule of that environment and evaluate it with autonomous vehicles. Furthermore, we also show

the result of our experimental evaluation.
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Figure 1. Immersive VR game for Autonomous Driving Vehicle
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Figure 2. Our proposed method for in-vehicle information
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Figure 3. The testing vehicles for self-driving with our propose
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Figure 6. First person view and birds view in VR environment.
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cloud map data (white building and ground)

213



Real environment

&
=
7 A\

Obstacles in real environment
,~
'. "

o et TP
LA . 3
W N\, Building
7 3
/ 7 B \
B 4 # > W\ —
» i By
(‘E"-"»\ y b
I y =
) G 4
Ty B o
‘t ¢ g -
~ } b ks 2 3
7% t b

( ) Tree == == = = Structure
-

Real oriented virtual environment

8 BELRE (L) NoBohl M ER (1) 2t
(TR TRABM IR 2 BLE L 72 BI(T)
Figure 7. Fully designed VR environment based on 3D point

cloud map data captured from real environment.

ETETWRWEGIITIE Xy 7 7 7 2B G3 85 &
WO MBERFRETH D, HIER BT _CIcB W T BTG U
7oA XY NETETHRET D 2 EIXREEZDN, ZorHL
—NVERELTBLZET, M—FFoREEZ AT AN
MH LEZSA BB, RN FERESEDLZENRT
5. EBIER L7=B%K 9 (IRT.

4. BB FHRETICLSRAEORIGFTM

HOER 2 BT 5 L CTRAT W E ffik, #rd
2Lk, EOBE EREOUMN —ET D0 %
YA OICEREITo7-. ZORRERNOREN THI
TOHROEMEL BEHOBEN—KTDHZ L TEH— A=V
AV T ITARERTIVDLIENTEDHLEEZD.

12017 Information Processing Society of Japan

Sequence Avoidance Limitation  Structure
Signals Pedestrians  Speed limit ~ Wall

BV @ i
4

Computer

4

8 B — L D% EH

Figure 8. An example of the data conversion rule.

41 RBRBE

FERTE WD DR BIVHWTT 2 KITAT 5 N EENHEF O
FEEEOFER & — T 205 MR T 272D, 7L —X R
WE %E) & — BT o0 E D DEREIT o2, Bl T E
D3 — A (%) 1.5km) % £1T L —FHE LR R & CfE L35,
FEFI TV —F2BOLERDH DL EELERAICTL—F
NENEEET D, ZOBROEBME, T L—F A&
95, ZOEBRAZBUERE (HMD #5722 0L) & 4R
5 (HMD #£7%) @ 2 EUTWRBOKEZ T 5. 7t
RABBREL D A 1 — 2RI BLFEBRELITIIAATE U722V S I {7
Z 1 TR E L, 1 AT CIHRRBREE CIEmIg R 21T
RN, ASIRfrE B, RARBREE T 6 EETRET D.
BERE L 21 B D 23 WD 8 4. {RABZER] CORE IR
NIT 10 1277
42 RBREH

AR O RER AT 9 72912, B BEER R H il C i s iz
#4# > 7 F =7 (Autoware) & 7 — LT ¥ (Unreal
Engine 4.10) % $%#% L, HMD (Oculus Rift DK2) (2 X 5 & #
PoREITY. KLV UTABRER, @WERRSE
FEoRy H—HIRT — % R L, B2 ERIE R 21T .
Fio, BERECOEILERMIEICHBAEELIT S L, 7
1k &5 720 ORAEYIAS HMD %5l U C =R iR 8RBT
PICHRAR SN D, il L — X 60~70 FPS 2. = WRICA
I Jy O 7 &2 —HIBRIFFERTICIERR L T <. F£72, H
PALEEEBEWIIHE Y 7 b =TI LV HEESND. B
BB FFICERL, — b hEEETDH. £,
Bl OB FREMIBMO T L —F LN & E Lk g T
MINZIE CTRENVERIETE D, 2 OBAEIZH M O 268)
WL L. 72, ERIIZEO-DERBIEICE L
TEHAR L= IZ L p#lIRE T2, ETHETa— R ITH
TE I TV D il FRIEE (RF# 25Km) DL F CEBREZITo 7
43 EBRER

WERE 84D H>HL 1 ADFERFEREX 11 ITRT. 2O

214



[ 9 BLEZZM OARPL & ARARZE R OARPL D FIF[H] T DRI DR

Figure 9. Examples of real-time information conversion from real environment to virtual environment

&, RARZERI T BRI N T L — A EME LB AR L
ThRY, EEHTOTXTO—HBEIRERTTL—F%
BIEL WD ZERNbnd. Fi-, 1 EANIHER &1L
B D IEALE (K11 #AL TR LIZALE) TH D2, (A8
RETIE, #rSnBRIcEoTEIELE D EHBIELT
WBZENDND. TOMOWREDOHKR L EDES L,
42 6 AT OE LRI E S L EBRBRIEN TR -0, B
FZE M TIT T 4.5 @7 (WBRE Al 2 &) T EE
AT, (ARBREE I 5.6 BiFT (BB (K 3 &)
TORIEBRIENTON. 2 TOWRE CIRIEERE TOlE
Gl LRI 2 72, F72 2 0 "o O ERKE RITA EE
m2AH 5 (0.05<p<0.1).
4.4 EE

FEERFE R D, RABZEB TORBRIERIC L > TRAEDS
FNELT-EERD. £, HERECHRFICEFRL
TWDHEBREN—BEIEE Akt X WwomfTHi %2 LT
WHDIZHR L, RABZEE T2 T nERREREH
TZENTEDD, HHREORE L UIXBEREICLAS
Dip Ipofe. 61T, EBRICITEILT S NER LW
T TR IR T 52 L T, WHRENT L—FHEx
THZEBMERLEZ., ZhiCky, REOEBDA2HIHTE
LT ENRBENT. F, KIBEMTRRTIEED D
FERICE S TT U —F BRI 0 2 7 4 I 0 TR D6
MR ONTZTZD, L EBREREEL L TR E1T 5 7
ETHD. ERRBICT Vr— befToln b2 h, BOBE
oy (ZhE TOMBENT—EREN - AR E 5 & LT
ST 1 LE) B LT AR THRE N 5L VT,

ZDOBGERENZON TS EHFEZT> TS FETH S.

5. BHYIC

AT ABEBREFNA > 74T A LAY P AT A
DOREEIZIAT, HONUDIMER LT VR BBEIZEAT ST
FCiE e <, BENERHEM A L T2 BUEEREEORE
ZUTIVEA LATRRSE, “ZOWMZEOEAT OB EEREE”
IS W R BRE O 21T o 7z,

B BLESS I ORI, INE LTV S v RSO B L

12017 Information Processing Society of Japan

X 10 ERESSISAT V27 b

Figure 10. Road barrio object in virtual environment.

%
®
t @
= O |
| |2 BT
A0
o \ > A QuaExy By
| 98357{? il
‘Jg EXPAVE: L7
i
&
e
2O
Y [ E P o
T gs-mﬁe P ARR

2]
EE?X?NW?@
u/ mEE .éﬁ —7L—%

B 11 BB 1 4 5 O B R (A BRBTE)

Figure 11. result of a participant

BAHETE RS B, PR R A WD Z & T, HMD ODOfirELEE
ZHEE UEBRICHEBN TEAR VR VAT AEHEET D 2
ENRTET.

Fio, EROMBRPOETFATIERICI - TRAEIZLD
T ORITEYO THI, HH) BNAHRERZ L b 6Nk
Sl WBHREOa A MG, EEOEMOIRE &g o
FEHIC L 28R VR OO EBOK T2 E0Rme s
BY, SBOMRELTS. BRIV LTI, EE
72 OB E TBA L~ INEGE, Fain e & OMEENE
WHBEIZB O TRBI X IERER E 21T 5 2 L IR 28 %

215



ELLTNEEZLN, TOHEGEHNTOBWBI LIFIZKEAR
HEAEL525. ZOLORMEEHILNIL, Lokork
g FIENEO D OMFTERITIEFICZ . £, 1§
A+ 2EmERLZECL, koo 2T A0 A0 MEOR
W=D EOBANB Y AT A, HDHNIFT Ly bR L
O % AV EE s 7 — A7 EORREMAZBRL, B
BEEE W LIMT S, FARIC S ERIE ML EIT ) VAT
LEADPFIRAT A5EIC8 AERIEREIFOH Y H Ok
FAE LY —EBRD TV E 2.

BB AL ISTACTIOXELZZIT LD TH D,

5% X

1) S. Kato, E. Takeuchi, Y. Ishiguro, Y. Ninomiya, K. Takeda and T.
Hamada, “An Open Approach to Autonomous Vehicles,” in IEEE Micro,
vol. 35, no. 6, pp. 60 - 68, 2015.

2) “Preliminary Statement of Policy Concerning Automat-ed
Vehicles”, http://www.nhtsa.gov/staticfiles/rulemaki
ng/pdf/Automated_Vehicles_Policy.pdf

3) Georg Klein and David Murray. 2007. Parallel Tracking and
Mapping for Small AR Workspaces. In Proceedings of the 2007 6th
IEEE and ACM International Symposium on Mixed and Augmented
Reality ISMAR '07). IEEE Computer Society, Washington, DC, USA,
1-10.

4) Jun Rekimoto and Katashi Nagao. 1995. The world through the
computer: computer augmented interaction with real world
environments. In Proceedings of the 8th annual ACM symposium on
User interface and software technology (UIST '95). ACM, New York,
NY, USA, 29-36.

5) “The MEDA process is the worldwide standard for maintenance
error investigation”, http://www.boeing.c
om/commercial/aeromagazine/articles/qtr 2 _07/AERO_Q207_article3.p
df

6) Fairfield, N.; Urmson, C., "Traffic light mapping and detection,"
in Robotics and Automation (ICRA), 2011 IEEE International
Conference on, pp.5421-5426, 9-13 May 2011

7) de Charette, R.; Nashashibi, F., "Real time visual traffic lights
recognition based on Spot Light Detection and adaptive traffic lights
templates," in Intelligent Vehicles Symposium, 2009 IEEE, pp.358-363,
3-5 June 2009

8) Felzenszwalb, P.F.; Girshick, R.B.; McAllester, D.; Ramanan, D.,
"Object Detection with Discriminatively Trained Part-Based Models,"
in Pattern Analysis and Machine Intelligence, IEEE Transactions on,
vol.32, no.9, pp.1627-1645, Sept. 2010

9) “Autoware”, https://github.com/cpfl/autoware/

10) Suzuki, Keisuke, Sohei Wakisaka, and Naotaka Fujii. 2012.
Substitutional Reality System: A Novel Experimental Platform for
Experiencing Alternative Reality. Scientific Reports.

11) Buehler, Martin and Iagnemma, Karl and Singh, Sanjiv "Stanley:
The Robot that Won the DARPA Grand Challenge", Springer Tracts in
Advanced Robotics, Springer Berlin Heidelberg, vol. 36, pages 1-43,
2005.

12) Junqing Wei; Snider, J.M.; Junsung Kim; Dolan, J.M.; Rajkumar,
R.; Litkouhi, B., "Towards a viable autonomous driving research
platform," in Intelligent Vehicles Symposium (IV), 2013 IEEE , vol., no.,
pp.763-770, 23-26 June 2013

13) Christopher A. Rouff. "Introduction: DARPA Urban Grand
Challenge", Journal of Aerospace Computing, Information, and
Communication, Vol. 4, No. 12 (2007), pp. 1046-1046.

12017 Information Processing Society of Japan

14) Geiger, A.; Lenz, P.; Urtasun, R., "Are we ready for autonomous
driving? The KITTI vision benchmark suite," in Computer Vision and
Pattern Recognition (CVPR), 2012 IEEE Conference on, pp.3354-3361,
16-21 June 2012

15) Chris Urmson, Joshua Anhalt, Drew Bagnell. et al., 2008.
Autonomous driving in urban environments: Boss and the Urban
Challenge. J. Field Robot. 25, 8 (August 2008), 425-466.

16) Ronald Azuma, Yohan Baillot, Reinhold Behringer, Steven Feiner,
Simon Julier, and Blair MacIntyre. 2001. Recent Advances in
Augmented Reality. IEEE Comput. Graph. Appl. 21, 6 (November
2001), 34-47.

17) 1992. Research directions in virtual environments: report of an
NSF Invitational Workshop, March 23-24, 1992, University of North
Carolina at Chapel Hill. SSGGRAPH Comput. Graph. 26, 3 (August
1992), 153-177.

18) Carolina Cruz-Neira, Daniel J. Sandin, Thomas A. DeFanti, Robert
V. Kenyon, and John C. Hart. 1992. The CAVE: audio visual
experience automatic virtual environment. Commun. ACM 35, 6 (June
1992), 64-72.

19) Steven Feiner, Blair Maclntyre, Tobias Hollerer, and Anthony
Webster. 1997. A Touring Machine: Prototyping 3D Mobile Augmented
Reality Systems for Exploring the Urban Environment. In Proceedings
of the Ist IEEE International Symposium on  Wearable
Computers (ISWC '97). IEEE Computer Society, 74-.

20) Steve Mann and James Fung. 2002. EyeTap devices for augmented,
deliberately diminished, or otherwise altered visual perception of rigid
planar patches of real-world scenes. Presence: Teleoper. Virtual
Environ. 11, 2 (April 2002), 158-175.

21) Shinji Uchiyama, Kazuki Takemoto, Kiyohide Satoh, Hiroyuki
Yamamoto, and Hideyuki Tamura. 2002. MR Platform: A Basic Body
on Which Mixed Reality Applications Are Built. In Proceedings of the
Ist International Symposium on Mixed and Augmented Reality(ISMAR
'02). IEEE Computer Society, Washington, DC, USA, 246-.

22) Kurt Dresner and Peter Stone. 2008. A multiagent approach to
autonomous intersection management. J. Artif. Int. Res. 31, 1 (March
2008), 591-656.

23) http://www theenergycollective.com/jemillerep/464721/self-drivin

g-car-technology-s-benefits-potential-risks-and-solutions

216



