Transitioning humanoid robots from laboratory to home:

From 3D printing to Al-driven computation

Prof. Hironori Kasahara, IEEE Fellow, IPSJ Fellow
Senior Executive Vice President, Waseda University .

IEEE Computer Society President 2018

URL: http://www.kasahara.cs.waseda.ac.jp/
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<Research Accomplishment>

Reviewed Papers: 221, Invited Talks: 190,
Granted Patents: 54 (Japan, US, GB, China),
Articles in News Papers, Web News, TV etc.: 625
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1987 IFAC World Congress Young Author Prize
1997 IPSJ Sakai Special Research Award,

2005 STARC Academia-Industry Research Award,
2008 LSI of the Year Second Prize,

2008 Intel Asia Academic Forum Best Research Award,
2010 IEEE CS Golden Core Member Award

2014 Minister of Edu., Sci. & Tech. Research Prize
2015 IPSJ Fellow, 2017 IEEE Fellow, Eta Kappa Nu
2019 Spirit of IEEE Computer Society Award,

2020 IPSJ Contribution Award
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Alumni CEOs in Japan

8 Prime
Ministers ;

Founder Y
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territorias
1 ALUMNI

Graduate Employability [ ReE)

630,000
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Science Association (IPSA) 2018. The first president from

The University Professor Waseda,
Waseda Alumnus, Prof. Emeritus

President 2016

outside USA and Canada in 72
years CS history. CS has 84,000
members from, 168 countries.

Nagoya Univ., Prof. Meijo Univ. Hirokazu

IEEE President 2020. The first from
Asia in 135 years history.
IEEE has 420,000 members.
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Mighty Atom (kB8 77 k L, Tetsuwan Atomu) A Humanoid Having Human Emotion

MANGA published by Osamu Tezuka from 1952 to 1968. TV Anime series Astro Boy was started in 1963.
Astro Boy was created at Takadanobaba, Hometown of Waseda Univ., in original Manga.
https://en.wikipedia.org/wiki/Astro_Boy

D5amt Tezlka’s origmaty

‘M The cover for
¥ Astro Boy

s volume Land 2 \yAgEpA BEAR & ASTRO BOY  (©Tezuka Productions/WASEDA University

compilation by .
qj Dark Horse https://www.waseda.jp/top/news/68652

~ 4\ (©Tezuka Productions
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Mr. Tezuka drew |n1964 When Tokyo Olymplcs was held.



Humanoid Robots Led by Prof. Ichiro Kato, Waseda Univ.

Father of Japanese Humanoid
He started development of Humanoid late 1960
believing each family would have My Robot I|ke My Car

Conversation System Conversation: .
with human: ad Prof. Katsuhiko Shirai

Prof. Katsuhiko Shirai (EE, later CSE):

(EE, later CSE): @ Face Recognition:
Waseda U Prof. Kan Oteru

President Wl (Applied Physics)
2002-2010

@”  Fingering from Music
-u Score & Computer :

7 4 Prof. Seinosuke Narita
L (EE, later CSE):

Human Face

' Recognition

System:

& Prof. Kan Oteru
| (Applied Physics)

WABOT-1 (1973) Prof. Ichiro Kato (1925-1994)

WABOT-2 (1984)

He was Dean of School of Sci. & Eng. Tsukuba Expo 1985
Playing with Orchestra




Current Robotics Researchers in Waseda University

Professors

Subjects

Jun OHYA

Robot Vision

Mitsuo UMEZU

Artificial Organ

Atsuo TAKANISHI

Biped Humanoid, Disaster Robot: Robot Society
of Japan Ex-President

Tetsunori KOBAYASHI

Conversation System

Shigeki SUGANO

Human Symbiotic Robot, HRI: SICE Ex-
President, Senior Dean of School of Sci. & Eng.

Tomoyuki MIYASHITA

Space Robots, Robot Design

Tetsuya OGATA

Robot and Al (Deep Learning)

Hideyuki SAWADA

Chemical Robot, Recognition

Hiroyasu IWATA

Medical & Welfare Robot

Shigeru UESUGI

Human Interface

Shinjiro UMEZU

Micro-Nano Robot, Bio Robot

Eiji IWASE

Micro-Nano Mechanism, Material

Hiroyuki ISHII

Field and Distributed Robotics




Prof. Takanishi’s Walking, Flute and Sax Playing, Conducting,
Emotion Expression, Person Carrying Robots

WE-4's Flute Play: Happiness
WABIAN-2R The Flight of the Bumble-Bee

Walking Robot y (Rimsky-7ﬁrsakov) y.

Emotion ExpkessiomsHemanoich
- [Demo _fEYE-Chan

Y T

WL-16 Can
Carry Person
up to 80[kqg]

rhit(c)20!

A?( SHI LAX



More Human-like Walking by WABIAN-2R with a 50cm-Step
by Prof. Takanishi

0.50[m/step], 0.96[s/step]
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Baby Robot for Emergency Medical Training

(HREEIEH) (Fa—TuBE) (REFE) (BxE)
(LSEEH) Larynx Tube Esophageal || Ventilation pressure
Upper jaw pressure position intubation sensor
pressure sensor sensor sensor | Left lung: 1ch
sensor | Left: 3ch | Left:5ch | ||| Left:ich | |[]| Right lung: 1ch
| Right:3ch | || [ Right:5ch | || [ Right:1ch | ||| Stomach: 1ch

/0 ,,

Esophagus—L
Esophagus—F

Airway—R3
Adrwayv—R4
Airway—RS

Alrway—R1
Alrway—R2
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—
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' SOLIDWORKS

Microcontroller Wireless
Head Oral .. Abdomen
| _A/Dconverter || | communication Battery
IMU camera IMU
| Sensor controller ] module

TWIns :
Tokyo Women'’s Medical Univ. — Waseda

__Univ. Institution for Advanced
#Biomedical Sciences

. WRUFERAY - STEEAPERE
: FHIRAE
al University = Waseda orsi
onced Biomedical Scie 3




Robotics in Waseda University 1999-2015

Prof. Atsuo TAKANISHI
Dept. Modern
Mechanical Eng.

2000 : Humanoid Institute
2001 : WABOT-HOUSE Laboratory

WABIAN-II (2005) . .
2005 : WABIAN-II  For More Natural i

Biped Robot WO Legs Walking A~ il 7 TWENDY-ONE
4 -~ (2007)
¥

2007 : TWENDY-ONE “ ‘0 oo ForElderly Care

Human Symbiotic Robot E %Safety Robot
\

i Prof. Shigeki SUGANO
. Dept. Modern
- _Mechanical Eng.

2015 : Future Robotics Organization

2009: SCHEMA

Conversation Robot

Prof. Tetsunori KOBAYASHI

Dept. Computer Sci. & Eng. 2015: Octopus

Disaster Robot




Prof. Ogata’s Deep predictive learning

Subjective world model for real fime

Collecting the data of
prediction of sensory-mofor values

human operation (skill)

I Input of joint angles 5 Prediction of joint angles
> eep
| I o Learning P
Iﬁ:‘;e;a Deep (LSTM, Deep
g Convolution | MTRNN) i | Convolutio
al nal
Encoder Decoder

mmmmmmmmmm (Predict)

Predicted

OutSourcelmage({Camera)

Joint
angle

Value {normalized)
-]

step

Time step




Demonstration of Deep Predlctlon Lernlng

~ Play Sp}'
Unknown ”

Based on the concept of
“Embodied Intelligence”

O Repeatable and quick
folding motion for the
untrained positions and
objects

O Less than a hundred trails
with the limited object

variations
IEEE RA Letters, 2016., ICRA2017

etC. ‘; f ,f.':'_ . . 2 .-(.I‘. ;‘ -‘. ,! .'.'_._ ;‘j.f .I ’r -/
‘7 Folding motion (Soft joints in wrist parts)

Experience based Cebit 2017, CEATEC2017, iRex2017
robotics @ZAIST 3 &

12
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gf Engine Control by multicore with Denso
Though so far parallel processing of the engine control on
multicore has been very difficult, Denso and Waseda succeeded
1.95 times speedup on 2core V850 multicore processor.

Hironori Kasahara has
started collaboration with

Wabot Group and research
of hard-realtime Control
and Simulation since 1982.

# Hard real-time automobile
engine control by multicore
using local memories

H. Kasahara, S. Narita, "Parallel
Processing of Robot Arm Control
Computation on a
Multimicroprocessor System",
IEEE Journal of Robotics and
Automation, Vol. RA-1, No. 2, Jun.| .
1985. -

H. Kasahara, H. Fuijii, M. lwata, o=
"Parallel Processing of Robot —FFE A |
Motion Simulation", Proc. IFAC i S sl
10th World Congress, pp.329-336, =R S .J 1 core 2 cores

Jul. 1987. "IFAC World Congress e 1 —‘ B T
Young Author Prize", 1987. 13

L& > Millions of lines C codes
consisting conditional
branches and basic blocks

1.95

—




OSCAR Compile Flow for Simulink Applications
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Generate C code
using Embedded Coder|.

e
%

/3 Mode! step function 3/
=void VesselExtract ion_step(void)
int321 i
real T ul;

2 /v DatalypeConversion: "<81>/Data Tyne Conversion’ incornorates:
* Tngorl: "Rool>/Inl"

t/

for (i = 05 1 < 18384; i) {
VasselExtraction §.betal

}

/v End of Datalypelonversion: "¢S1>/Data Type Conversion' #/

/5 Qulputs for Atonic SubSysten: "¢81/20filter" v/

fonli] = VesselEstraction L. Inl [1];

| /x Constant s <swm o

ion
VesselEx Eracllan} .  Value, \WamlExlml fon B umm
(P DFilter YesselExtraction T +)8¥esselExtraction P.OFI1ter);

S /o End of Outputs for Subdysten: "GS1/EDfilter’ v/
Jx Outputs for Aonic Subbysten: *G1/EDfilterl" of
| /o Canstant: <51>Ih2 o

jon Dl i
VesselExl lracllo PM  Nalue, MesselExlr acl fon_B.0fillerl,
(P Dfilter_YesselExtraction T +)&¥esselExtractTon P.0F Iter!);

Ccode

(1) Generate M

v/

| CIC‘"JC
d\ Jl\

IJ
\

= ParaIIellsm

OSCAR Compiler m—m—rm—\

int thrt ;
int thr? ;

vuld thread_function_001 ( void )
| VesselExtraction_step PEI () ;

int thrd ;
{

oscar _thrgad_create ( & thrl ,
thread_function_001 ,
oscar _thread_create ( &thr2 y

thread_funct ion_002 , (vmdx)? )

thread_function_003 , (vu|d*)3 )

[ me [

> oscar _{ reﬁ creafle & th

VesselExtraction_step PE0 () ;

oscar_thread_join ( thrl ) ;

S S L. cin et ( h )
P2 [ wi W (3) Genlerate parafle[izedc code
Pa [ i using the OSCAR API
T a3 Multiplatform execution
(Intel, ARM and SH etc)

= Scheduling in a multicore

K(Z) Generate gantt chart w

(vuldx)l )

Speedups of MATLAB/Simulink Image Processing on

Various 4core Multicores
(Intel Xeon, ARM Cortex A15 and Renesas SHAA)

336 348
350 .
3,12
Z 28475
299 248
1 22
20 206 206
T
150
L
s
1K
Road Tracking  Buoy Image  Color Edge Optical Flow  Vessel
Detection Compression  Detection Detection

W Intel Xeon £3-1240v3 W ARM Cortex A15 M Renesas SH-43

Reued Tracking, Image Campressian : itto:) e mathworks.o oo hela/visany/examales
Husay Detectian : bbby v mathearks.co.jpdmatisheentral il eexchange/ 44 W Ewoy-det ectian-using-simuhnk

mathwoirks. o, centra tha

Color Edge Detection - 18114 fast-rdges-af-a-colar

t-grsiate-f
essed Datection |
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Demo of NEDO Green Multicore Processor for Real Time Consumer
Electronics at Council of Science and Engineering Policy
on April 10, 2008

http://www8.cao.go.jp/cstp/gaiyo/honkaigi/74index.html
B | o7 S E LR [FR20%4H 100) Codesign of Compiler and
Multiprocessor Architecture
since 1985

4 core multicore RP1 (2007}, 8 core multicore RP2 [ 2IME)
and 15 core Heterogeneons multicore RPX (2010)
developed in NEDMD Projects with Hitachi and Renesas

AP EELCN0T #5E | AP-2RSSCLA008 P4 K RP-NES0C 10 5.3

: — .
= ; o gl
g bRy RS [ohl: B

-3 . :
SRR B 1)

Lo ]-'I cam |

T

Sirm folss oV S [| e e e 0 e, Hrer fpis i ON05

T i TLE O e K e R e 15 e [ 1 ]

10 e, 1% Y I T Y pmnl] | 50 T AR el 12005 08
! !
ol
T ESHEER MR 1 4)

BOOMMHE 4 £ G o B G, DS | eodmiey B Ed S THE GRLOE sy 10 G e SG0PS W XGF RS

14 sy AT RS e | e Tel

Prime Minister FUKUDA is touching our multicore chip during execution. 15




Power Reduction of MPEG2 Decoding to 1/4
on 8 Core Homogeneous Multicore RP-2

by OSCAR Parallelizing Compiler
MPEG2 Decoding with 8 CPU cores

Without Power With Power Control
Control o { Frequency,

(Voltage : 1.4V) Resume Standby:

Power shutdown &
0 Voltage lowering 1.4V-1.0V)
F 1

(]

Avg. Power 73 50, power Reduction AVE- Power

5.73 | W] I .52 IW]



Patents related with OSCAR Parallelizing Compiler & Hardware

58 international patents in USA, UK, China, Japan to improve effective
performance, cost-performance and software productivity and reduce power

High Performance & Low Power e o ||| Green Accelerator
1) Multigrain Parallelization for Embedded and |  sessss ssssss sses ses sassssiioms || CAN bE attached to any processor
Heterogeneous Multicores & Hardware Supports | ;- = w%Famr | |cores, RISCV, arm, Infineon Renesas,
(Synchronization) Saplg e, u__ﬁ___’ﬂ“’?:f AMD, Intel, etc, without instruction
coarse-grain parallelism among loops, subroutines | = _ — &= " " ||extensions.
& basic blocks among statements in addition to loop T — > 1t works with automatic local

parallelism

2) Data Localization:
Cache & Local Memory Optimization

> Automatic data management for distributed shared
memory, cache and local memory

> Software Cache Coherent Control
> Data Transfer Controller

> Data transfer overlapping using DMA L e
hardware & its compiler

(Voltage : 1.4V) | lrfi.?\".':';hﬁ;ﬂ'im.u = Multicore Chip 7
! _L I $ :ll)l]‘l‘l]m lowering 1.4V~
3) Automatic Power Reduction HW&SW j l . ' . Bt
e B

R . [ Compiler co-designed E;nn:«:tion Network ]
> Reduction of consumed power by compiler |
control DVFS and Power gating with|
hardware supports for Carbon Neutral. | -
88.3% Powér Reduction

» Accelerator See right figure —

memory management and power
reduction control by OSCAR
Automatic vectorizing &
parallelizing compiler

Solar Powered Personal Supercomputer

Compiler Co-designed Interconnection Network




I IEEE Computer Society [The first President from the outside of USA and Canada in 72 years history of IEEE CS

A ! b IEEE

,‘5 6 " - ) ' T - | %)) Bjarne Stroustrup: Morgan Stanley & Columbia Univ. q COMPUTER

N A J " ; . k- # 2018 IEEE Computer Society Computer Pioneer Award 5

5 ! . ! ¥ - : IEEE COMPSAC2018 Keynﬁte & Award Ceremony SOC'ETY AY THE NUMBERS

July 26, 2018, Keynote,
Hitotsubashi Hall

July 25, 2018 Award Ceremony !

Rihga Royal Hotel Tokyo COMMUNITY MEMBERS

?#C(:F@ -ﬂ'ﬁ*}t] @F—v h . 1‘(-””’:" ‘“‘ "“*4 ! \

.
K QEPEH u" ' EREN AWARDS AND SCHOLARHIDG P
e A =l *480 chapters - »

3000000
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*168 countries

*31 technical
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I ACM/IEEE SC (SuperComputing) 19, Denver, Nov.17-22, 2019

IEEE IEEE IEEE

COMPUTER COMPUTER COMPUTER
SOCETY I sSOCIEyY

B
- E‘-
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https://www8.cao.go.jp/cstp/english/moonshot/sub3_en.html

: English Home > Science, Technology and Innovation > Moonshot Research and Development Program > Moonshot Goal #3

| Moonshot Goal #3

Realization of Al robots that autonomously learn, adapt to their environment, evolve in intelligence and act alongside
human beings, by 2050.

Target of Moonshot Goal

+ Development of Al robots that humans feel comfortable with, have physical abilities equivalent to or greater than humans, and grow in harmony with human
lfe, by 2050.

+ Development of Al robots that behave well with humans under certain conditions, and allow over 90% of people to feel comfortable with them, by 2030.

+ Development of an automated Al robot system that aims to discover impactful scientific principles and solutions, by thinking and acting in the field of natural
science, by 2050.

+ Development of an automated Al robot system that aims to support the process of discovery for scientific principles and solutions to specific problems by
2030.

+ Development of Al robots that autonomously make judgements and act in environments where it is difficult for humans to act by 2050.

+ Development of Al robots that operate unattended under human supervision in spacific circumstances by 2030. 20




AIREC (Al-driven Robot for Embrace and Care) Led by Prof. Sugano
Supported by Japanese Government “Moonshot” Project from 2020

caring sick persons

helping house business
helping remote diagnosis

Universal Smart Robot cares Family’s
Life-time from baby shitting to elderly
care as a Family member.

caring elderly persons

caring children house keeping 21
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Toward Realization of Waseda Open Innovation Ecosystem

International Collaboration
Venture Startup & Acceleration

Social Sciences, Humanities, Scence & Engin

3 9@-10@

9 OO>18 OO usn

https. //waseda-0if21,jp/

rt: Japan Business Federation

Industry-Academia Collaboration

ONUNE- ‘_
Fmofdm

Exhibition Booth: Waseda U leading Researchers Incl. Robotics & Industry

Invited Speakers: International University, Society, Industry, Government

Distinguished Invite Speakers

Opening

Waseda U President: Aiji Tanaka
aseda U Executive Committee Chair &

SEVP: Hironori Kasahara
MEXT Deputy Director General
Mr. Susumu Kajiwara

METI Deputy Director General
Mr. Takahiro Hagiwara

>

>

VP Keidanren, Chairman NTT
Mr. Hiromachi Shinohara
IEEE President 2020

The Professor, Waseda
Toshio Fukuda

CISCO Asia, Pacific &China
President Dave West

Green Computing Research
Organization
10th Anniversary Symposium

Waseda & Related University
Venture Pitch
and Discussion with Silicon Valley
Fund & Accelerator

Distinguished Invite Speakers

» University of Oxford
Vice Chancellor
Louise Richardson

» Chairman Keizaidouyukai
CEO Sompo Holdings
Kengo Sakurada

» Founder & CEO Mercari
Shintaro Yamada

» Founder & Partner of

Kauffman Fellows &

Sozo Venture

Phil Wickham

> Y Combinator Partner

Oxford-Waseda
Computer Science Symposium

Waseda
Research
Innovation

Center 29



I Waseda Open Innovation Ecosystem

Waseda Universit

Research revitahzation

& Participation of graduate stedents for Collaboration :

& [ncrease PhD stedents with monetary supports

® Increase top journal & conference papers &

patents solving difficult problems from social needs

® Motivale Professors and Researchers with
incentives: reward. reduced leciure hours. space
Promote mdustry—academia cooparation
* Support collaboration with imdustry

® Build teams for satisfying needs from Industry

One-stop support desk

® Infroduce wniversify seed technologies (PH)

& Matching of succeeded and new Ventures

Wol Forum on March 10 every year

® Stedent Agreement support [(IPs and NDAs!
& Patent Support

filing and examining to minimize researchers’ loads
i H-E:ll:l ullll.m lnlelle-:lual property: Licensing

‘nfenture startup an-::l accelaration

# Introduce venture funds and teams including
management, accounting, legal specialist

® University IP licensing by Cash, Stock. etc.

High added—-value products and services

® Meeting of Industry, Ventures, Hezearchers & students Trusi— and

Cooperatlion-nased

IiMreduce seads

Meeds Research casks

& Contract support with Industry: IP & Budget Estimatio

& Help acouire Intellectual Property throwgh-out patent

Industry—Academia collaborative research

® Professors, graduate students. industry
engineers. and researchers participate

® Solve difficult problems from social
needs together

® Create only one or best technologies

Creation and dewalooment

overnment

Eunpar

& Acceleration/Value—Up support: Customer matching etc.

Hew
Enginears J 1echnologies

Industry

& Collaborative industiry—academia
RED and commercialization for
competitive domains

® Build business models
{including standards creation)

[auuosiad pajeansiydos
i PUE 53|600UY23) padojanap-Ajjuio

University-originating ventures

Q Waseda University

23



I Waseda Open Innovatlon Valley Pro;ect

> Research Innovation Center to be
completed in March 2020
Industry Academia Collaboration
One Stop Desk, Research Support
and Strategy, TLLO, Contract Support
Venture Start-up Support

-———

HRE
“m ’IW

March 10, 2021 in Waseda Arena
Waseda Open Innovation Forum (WoI) 2021
(Matching among Leading Professors & :
Researchers, Industry, Ventures, Students ) 'g

I ’ t 17 . 1l Pg
‘ .Y
AL fui" |l|
- Supported

' . ' ‘ by METI

1 Green Computlng
Center for Industry
@] Collaboration

Supported
bv MEXT

Open
: Innovation
uud Project

\ll

@ T M
=

Waseda Arena W|th roof garden.
Collaboration in Sport Science




