TOYOTA

Technical
Review

(N5 -FTZAH)L-LEa1—]

2022/2 2 3 7

CUES

Al N2y MR—)bORY b
" ~
Q:

N
) I

=)

Delivery Support Robot -

1% &
[ AR—=VZEU-FHT
ZHlD7znit <0 |

ZL T[T 1%L
Bt RE e tt 2 O<0




[RIEDT 1 ]

5[, KEFTEF, BR20204U VYT - INSUVEYIICRHUEARREBEEEEUT A B KD
Omybs (AT, EEUT «8f) ZhDICFELTVET.
EEUTABDIFIFRERREZREUCEGZE Y 1 7RICEEL, B [BH] DSk
MZEAX—=JULDD, [SUSTAINABILITY]EWSF—T—RERADZEICKY, [EEUT %=
BUEHROERHR D<K ICEFEEHOBVZRZLUBREBE O TVET.

APM 1 BRR2020/VSUVE YT EFN, COEKREAA—ITY,
BRR 2020 ¥R dvhOMyh | MR 2020 EHZES LR



ToYoTA Technical Review

Vol. 67 Feb. 2022 2 3 ;



B X

HIEE
= AT RY RETIVF T U e SEERTREE /N = — Fellow B&ith 3hE ... 4

DR [ARN—YZBULTFATERNDRVWHE I Y] ZLUT [EEVUT 4 ZBUFESROREBHZI<W] A

SRR/ VA SORA (TR DEEHEERTEEL ...t sesses s se st esse s et assas s sassassassaes Bl s 6
-APM (Accessible People Mover) DEAFE ... g A= /80 fsh/KE D& ... 11
HATIEILEV DBAFE ..ot B #8889 fsh/F 2R R ... 16
“TOYOTALQ ot sesseesesses s sseassanees HFE XN/BH EZR/80 F—BR &3/ #..... 21
CBR2020A4U VYT - NSUVE Y IETFEREOR Y MCKDEWNTERED TR—
FH BE/Hb MM &Kk BF/ M #E/ X8 Fa/HF BL..... 27
TLUTFPUBYZAORY RT-TR2ZDBIFE ..ot saesaes s sessessss s ses oo = = {277 N= 2 B ' 32
* T4 —)U R R— N OMRY BFSRDBAFE ..o ZR B/UR RAEAR M ... 37
SRR 2020~¥ R Jw hORw hORAF
HFE BXRE wAIH ML L B2 ORE B R —H 44
A2 w hR—JLOR Y s CUES DREF
AR 52F/)UR B BR B/LH ML /FEE BE/H O MEER X 51
D> 53 HRER
‘PHEVESIEIDEARE (P2P) EBHESIV AT LADEFF
E i/ TEE BE/ B 55 AE BN fE.. 58

-EHGETMIRIRCHIT 2 REEENEECKT B TRIDH W #Hd
Ryan Eustice / Wolfram Burgard / John J. Leonard ./ Ryan W. Wolcott / Robert Zidek ./ Gill Pratt ........... 65

DEFEIIIIIIBIER .......ooooooeeeeeeeeeeee e sssssissss s ssee R 73



Contents

Preface

- Transforming Our Home Planet
Hiroaki Okuchi, Fellow, Advanced R&D and ENgineering COMPENY .......ccueeeeeeeeeeeeeeeereeeeeeeseeseeeseesesesssesssssssesesns 4

[> Special Feature: Toyota’ s initiatives for building a society through sports in which everyone
can participate in peace and equality, and for realizing a sustainable society through mobility
- Field Operational Tests of Automated Driving Using the Sora Fuel Cell Electric Bus

TAKUYE KBEBWE ...ttt sttt ea sttt ettt et e ea st eae s ea et e e e aesesasae s easse s eassesasassesnsansem 6
- Development of the Accessible People Mover (APM)

Hiroyuki Kato/Akihiro Yanaka/Masashi OTOYO ........ceerereeinrininisinisseiesssssssssssssssssssssessssssssssssssssssssssssssssssssanes 11
- Development of Walking Area Electric Vehicles

Masashi Yamada/Akihiro Yanaka/Makoto Mori/YOShiyuKi SENDA ... 16
- The Toyota LQ

Daisuke Ido/Tatsuya Takei/Yoichi lwata/Shogo Sekizawa/Satoshi NaKagawa ...........ceeeeeeeeeveeeeeeeeereeeeeenennn 21

- Support for Spectators in Wheelchairs at the Olympic and Paralympic Games Tokyo 2020 Using Human
Support Robots (HSRs)
Takahiro Toda/Kazuhito Tanaka/Yuka lwanaga/Keisuke Takeshita/Yuji Onuma/Takemitsu Mori ................ 27

- Development of the T-TR2 Telepresence Robot
Takahiro Nakayamar/YUSUKE KIQQ ...ttt st st be bbb ae s se s e s sasansesans .32

- Development of Field Support Robot (FSR)
Takeshi Kuwabara/Satsuki Yamane/Takeshi SNIZEMOLO ...t 37

- Development of Tokyo 2020 Mascot Robots
Tomohisa Moridaira/Hirohito Hattori/Masahiro Doi/Hiroyuki lyama/Hiroyuki Kondo/Kazuya Yamamoto ....44

- Development of the CUE5 Al Basketball Robot
Takayoshi Tsujimoto/Masazumi Yagi/Ryo Takizawa/Masahiro Doi/
Tetsushi Harada/Yuya YasUI/HIKAIrU SANO ...t seseseessssesesesesese s sssessesesesesessasesasesesesesesenns 51

[> Technical Papers/Technical Articles
- Development of Peer-to-Peer Energy Trading System Including Plug-in Hybrid Electric Vehicles

Kazuki Obata/Yuki Kudo/Satoshi Kikuchi/Hiromitsu Kigure/Kazutaka Kimura ...........cceeeveeeeececeeeeeeececnerenenen 58

- The TRI Approach to Advanced Automated Driving in Complex Urban Environments
Ryan Eustice/Wolfram Burgard/John J. Leonard/Ryan W. Wolcott/Robert Zidek/Gill Pratt .........cccccevevvenneee. 65
D> TEChNICAl AWAIT NEWS ........coorieiccreiceiie i sesssessssssesssssses st esesessssesessssssesssssss st sssesessesennes 73

Tovota Technical Review Vol. 67 Feb. 2022



xal

\

m
Il

h"—LSRY NEFIVFT VY

SER MR AN > /N =— Fellow

By &E

JOFMICKDRELEHD 1 FHEHZ U THREBESZ CORBELR S IERR
20204 UV Ew D - INSUVEYITIR, 2015 FICT—)LRT A R/N—h
F—RAEZRDICEHHROBVZETEHTL £ DH.

ZNEFUYEY T - NSUVEYINBIET [BRENOHKE] © [H4Ht
ZDOFRIFT] EVSBREMERICHRERL, [RR—Y7ZEUFHTERDRN
#HAEDKY] Z2ULT [EEUT « ZBUIFEHROIRERHRDO< U] ~NOE#RZE
69, CLWOETAICHIFT.

BIC (BB H'F v LY ITBHOBNNTIEEL, BEHRBHOT
BEMEICRS TARUL), BEINERICTENEEABRT EICHF v LY ITES

CDEXIFBVNSIERARICHIFTD L DBRERFDEMHESEAN YT —LU
CTTEBL, FDEEUT 4 TD—)URDA RNN—hF—&EULT, EEUT 4V
Ua1—Y3aVE@RZRENEHU T ZECHEBNICT v LI U TVET.

EEUT VU= 3VEF, [YRTAFEUT 4] [Mobility for Alll &
LT [TPS] &3 SDGs ZDHDEHWVAD=ADIENSWIII>THY, T
NICEDVEERIMTNERR 2020 KRICERESNTVLET,

YRATAFTEUT 4 DHTEF, BABEOHGZST, NX, Tx—TJUTHFRX
CEBDIABEEELEU T 4 [CREODKFRELEU T 4 ZRA, ARELEEUAN
IVDRIEMHREZRIZL, KEROENEEDHICER 2020 KEZH—MRY Za1—
hSIVICAF KRR DRZR<AREL, TOEULER—LTSRY hER
HANBOTVEET.



ZUCHIDR—EHZEEDERE/NZ U VY JRESRME LT, FED
Mobility for ALV U 21— 3 VEVWADREMEATEEICEEITDELEDIT,
ECOANCHFUR BN U—ZB1E0L. T-TR1/2 [CLD =R SDRAE
BEIORIE, TNUEH LULEHMED Mobility for Al EBHWVWR FT.

Kz, TPS, loT ZEREUEAREMETEERICK Y, BEXDRADRED—
DESNTVDBERBEHMRRICOEVTCD, RODREREFBHZERIREL, A=
WINCEAIFIEEZDBDICH FIIDBHZEN UL TNET.

MAT, FSRICKBDETEFHERODEANLL, YRAOw bORY FOBHTRRL,
Ny hORY b CUE DBAR/IN D # =TV RICKIKRRZEREY EIF, 7R
U—k, BEZIFUDZLLDRAT—INILI—DXREZDHEE, ZODE(CIFAR
LR CREL XIS T BV RN D ) T .

—7. D4 XIOFICKVEEOBEEDOMELNRESNTVDER, FED
POV £WX % LQ ¥ HSR ZIF Ush & T BFFEMEION y MEANIFEAEEDE
BZo&EDDIEEUT A HilTEVWAET.

CDEOIBAUEYT - NSUVEYTICBIFT2 NI IBEFREEICLDHL
DOFUWVWEHEADF v LU VIE, rIIDTEEUT A HYINZ—DEE(CGIF
fo, ZULTSDGs [CER(CE W O TERMBERZIHRS B 2EFDESTH
hHFT.

BERBRSEREEVDSHIE, HFRPHNS7RAU— M PRARERE, TLTR
ST A VEDREZEYR— T BLRMICEOALCMTERSIREDOIZ 2=
T4 THY, ZTIICEELTWLK ZELFMIINBEITIEROEEU T 4 HE2Z
ILKBTH>THOABDHERLERDNOTY.

ZUTHAMAREE, RR - IR /NUESLOEHICH oIz, MDORRT
EITERLIEY U 1—Y 3V ERRULT, #BASDUEZ/RIT TV TENKRE
[EEBOTVET.

2£E:\t0)7j-uyt°\y7 . /\"5 IJ_\/[:O“JQDQ\, FH&@EE\UU__/I’t\//\O:—

NDOEEDEFRIERY, ZUTCIDR—LT SRy MOETILFTVID MY
HEBRDIEZBEULCVWEZERXTVET.

Tovota Technical Review Vol. 67 Feb. 2022



[AR—Y &8 TeFEHNTERDBEVHEDILY |

ZUT [EEUFT s ZBUFHROGERHEI<U] ~

PAFIER /N A SORA IC & % BE)ESLSESE

Field Operational Tests of Automated Driving Using the Sora Fuel Cell Electric Bus
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Abstract

Toyota participated in the automated driving field operational tests (FOTs) carried out in the
Tokyo waterfront area as part of phase 2 of the Cross-Ministerial Strategic Innovation Promotion
Program (SIP) using an automated bus, which was jointly developed by Hino Motors, Ltd. and
based on the Sora, Japan's first mass-produced fuel cell electric bus. These automated driving
tests were carried out on public roads in the area around Haneda Airport and involved
coordination with infrastructure such as traffic signals and bus lanes, localization technology
using magnetic markers, automated acceleration, deceleration and steering, detection of the
surrounding traffic environment, and so on. A wide range of knowledge was obtained with
regard to the future social implementation of fixed-route bus services on public roads using

automated driving.
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Development of the Accessible People Mover (APM)
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Abstract

This article describes the development of a dedicated battery electric vehicle for the Olympic
and Paralympic Games Tokyo 2020 under the concept of facilitating last-mile transportation and
providing comfortable, safe, confident, and natural mobility for all.
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This article describes the development of personal mobility vehicles capable of being
operated in pedestrian spaces with the aim of providing confident and natural mobility to
people at all stages of life under the concept of mobility for all.
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Abstract
The Toyota LQ was developed for the milestone year of 2020 under the concept of
showcasing ideas for the beloved cars of the future. The LQ embodies the essence of what can
make a car truly beloved in the age of Mobility as a Service (Maa$S) , building upon the
conventional concept of cars as a possession. In addition, although not intended for general
sale, a model featuring a wide range of advanced world-first and Toyota-first technologies was
developed to be driven on public roads. This model was developed to give people the
opportunity to test drive and experience the future at first hand, create customer feedback for
development, and to help further advance and enrich the component technologies. This article
focuses on the latter objective and provides a panoramic outline of the technologies used in
the LQ.
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Support for Spectators in Wheelchairs at the Olympic and Paralympic Games Tokyo 2020 Using
Human Support Robots (HSRs)
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Keisuke Takeshita  Yuji Onuma Takemitsu Mori
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Abstract

As part of the Tokyo 2020 Robot Project, plans were made to provide support for spectators
in wheelchairs at the Japan National Stadium using human support robots (HSRs). In line with
the Tokyo 2020 Games Vision of staging the most innovative Games in history and bringing a
positive legacy to future generations, this project aimed to help realize a deeply caring spectator
experience by combining the remote control and autonomous operation functions of HSRs. This
article describes how this development aimed to enable free movement of multiple HSRs within

busy environments filled with people on the move in all directions.
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Development of the T-TR2 Telepresence Robot
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Abstract

The original T-TR1 telepresence robot was developed to help elderly and physically
disadvantaged people experience normally inaccessible locations through a design approach
evaluated by its success in increasing connections between people. This article describes the
results of the development of the next-generation T-TR2, which extended and updated this
concept to create an even more realistic sensation of being in far-away places while making

32

people in those places seem even closer.
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Development of Field Support Robot (FSR)

SRR OB iR AR * &EF& M|~
Takeshi Kuwabara Satsuki Yamane  Takeshi Shigemoto —
¥
E3=| =
FSRIFRR 2020 AU VYT - NSUVEY I TRTEHRRE 7 AHISTE—Z, AEFURVLBHS
YiR—h9I20/Ry bTHD. BTEFHERTIF, Ay ITHONLIIRTEYZ Al HiliS KT ONR Y il —

ZAVWCEREETCEY, OQRIFEEHRERY v IDHHERICESTS. 7 ABIZITE—-TlF, FvIF
TERICT « =)L RPERNBREETCR—ILZEY, BTFTEDIEICKURBEEICERT 5. LIDAR, 1
X3, NyFTU—FTERIN, BEETE—RICINR, AZERETIDE—F, BEEYLOEFRZDE
IRE—R, FRETE—F, ZEREFLE-—RZHLTVS.

Abstract

Field support robot (FSR) was developed to assist the throwing and rugby sevens events at
the Olympic and Paralympic Games Tokyo 2020 while working in close proximity to people. In
the throwing events, the FSR used artificial intelligence (Al) and robotics technologies to carry
and autonomously transport the thrown objects recovered by the event officials, thereby helping
to reduce recovery times and reduce the physical burden of the officials. In the rugby sevens
event, the FSR autonomously delivered and dropped the ball at the center of the field
immediately before kick-off to help make the games run more smoothly. In addition to the
autonomous driving mode realized using lidar, cameras, batteries, and other components, the
FSR was also provided with a person-following mode, a mode to avoid collisions with objects, a
manual driving mode, and an emergency stop mode.

F—DU—F FSR, B#EET, EHEET, EROE, Al LIDAR, AX35, GNSS, ORY k, »h5<Y
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Development of Tokyo 2020 Mascot Robots
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Abstract

As part of the Tokyo 2020 Robot Project, the Tokyo 2020 Organising Committee and Toyota
developed robotic versions of Miraitowa and Someity, the official mascots of the Olympic and
Paralympic Games Tokyo 2020. In addition to making extensive refinements to the original
models that were announced in 2019, the specifications of the new models were upgraded to
create realistic mascot characters. While following the endearing design cues selected and
voted for by elementary school students, highly expressive mascot robots were developed with
smooth full-body movements and various eye expressions. This article describes the
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development of these mascot robots.
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Abstract

Toyota developed the fifth generation of its CUE basketball robot with the objective of
showcasing its performance at the Olympic Games. The previous generation robot, CUE4, was
capable of taking continuous shots at the basket, holding the ball, and autonomous movement.
CUES also features the ability to dribble the ball while moving and take extremely long shots
from behind the midcourt line. This article describes the details of the development to realize

these functions.
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Development of Peer-to-Peer Energy Trading System Including Plug-in Hybrid Electric Vehicles

g —iEY T BHE* %t g5~
Kazuki Obata Yuki Kudo Satoshi Kikuchi
AE BT KN FE

Hiromitsu Kigure Kazutaka Kimura
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Abstract

The aims of this research are to develop a peer-to-peer (P2P) enegy trading system that allows
the participation of electrified vehicles and to make more efficient use of renewable energy.
A system that can store surplus power generated from renewable energy in electrified vehicle
and home batteries, and autonomously adjust supply and demand is seen as an effective way of
helping to meet the growing need for environmentally conscious energy usage. The economic
potential and renewable energy utilization rate of the developed system were verified through
demonstration tests that included the participation of electrified vehicles, homes, and

businesses.
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The TRI Approach to Advanced Automated Driving in Complex Urban Environments
Ryan Eustice *' Wolfram Burgard ** John J. Leonard *'

Ryan W. Wolcott *' Robert Zidek *' Gill Pratt *'
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Abstract

Building cars that can perform transportation tasks in an automated fashion and without
drivers is an extremely challenging task that is currently being addressed by major car
manufacturers and highly effective start-ups. But what does it require to build a self-driving car
that can operate autonomously in a complex urban environment? This article describes several
of the efforts that the Toyota Research Institute (TRI), in collaboration with collaborating
companies from within Toyota Motor Corporation and its partner companies, have undertaken
to advance the state-of-the-art in automated driving. In particular, it describes the technology
that was built for the so-called Tokyo Olympics Capability Showcase (OCS) designed to
demonstrate Toyota’s technological leadership in the area of automated driving and driver
assistance technology. The described system embodies innovative approaches in hardware and
software platform design, mapping, localization, perception, machine learning, motion planning,
vehicle maneuvering, and control, to demonstrate a robust Chauffeur capability. The system has
been extensively tested on the TRI P4 Lexus LS automated driving platform, as well as on the
Toyota LQ vehicle, in the Odaiba district of Tokyo. This article provides a brief overview of the
system objectives and design, and provides several performance highlights from extensive real-
world operations.
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Airless Coating Technology with Super-high transfer efficiency application
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A Study of Cornering Drag Caused by Camber Angle and its Effects on Vehicle Dynamics
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