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Reinforcement Learning:
Whole Body Control

® Simulation learning is possible
® [nexpensive QDD Motors

m Considerably higher level of perfection

Learning
Locomgtion™ -

-—

Unitree G1 Kungfu Kid V6.0, 2025810H13H  J. LEE et al., Science Robotics, 2021



Learning Dynamic Non-Prehensile Object
Reorientation

Learning Dynamic Non-Prehensile Object
Reorientation via Reinforcement Learning

Dr. Abdullah Mustafa
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Imitation Learning: Manipulation

m Rapid progress in 2024
m Requires a large amount of data collection
(thousands of times per task)

m Use of the Fundamental Model
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Figure, Helix, June 7th, 2025
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"NEO, 1X, 2025 ($45,000)



VLA (Vision Language Action
Model)

m RT-2 (Google)

m Octo (UC Berkeley)

® OpenVLA (Stanford)

m 170, 10.5, 0.6 (Physical Intelligence)

m GROOT n1, n1.5, n1.6 (NVIDIA)

m Gemini Robotics ER 1.5 (Google
DeepMind)

m Helix (Figure Al)

etc. efc... LeRobot Worldwide Hackathon (June 2025, 14-15)
255 teams with 3,000 members from all over the world



Roboftics at Waseda University

Prof. Shigeki Sugano

@l

TWENDY-
ONE
(2007)

Prof. Ichiro Kato

WABOT-1 Dry-AIREC
(1973) (2021)
The world’s first WABIAN-II
humanoid robot (2005)

Prof. Atsuo Takanishi



The 8th Joint IEEE International Conference
on Development and Learning

and on Epigenetic Robotics 2018

Remained Problems

® |s language the foundation?

® [ntegration with real-world experiences (symbol
grounding problem)

General chairs
Tetsuya Ogata (Waseda University, Japan)

m LOrge_chle mOde|S + flne_.l.unlnge Angelo Cangelosi (University of Manchester, UK)
= Necessity of confinuous learning (developmental - ¥F=a "
robotics) » '.
d

= Are large-scale models sufficient for perfection?  pregamebsin
®m The need for real-time inference (active inference)




Deep Predictive Learning (DPL)
[P. Yang+, ICRA2017, RA-L][K. Suzuki+, RA-L, 2018]
Collecting the data of “50” Subjective world model for real fime

human operations (skill) prediction of sensory-motor values
I [ Input of joint angles Deep Prediction of joint angles Dr. P.-Ct YANG
] Camera Learning
= il It W I I
— Ogr\]/glu' ) .l Cogr\:;)lut|
Encoder A Decoder

Dr. K. Suzuki
Predictive

coding

Active
inference

Joint
angle

Time step



Demonstration of DPL

O E2E motion generation O E2E motion generation
|[EEE RA-L 2016, ICRA2017 eftc. IEEE RA-L 2018.

Folding motion with unknown towel and book

Cebit 2017, CEATEC2017, iRex2017 _=24IST %g




HITACHI

Inspire the Next

Who\e Body Learning ‘

H. Ito, K. Yamamoto, H. Mori, T. Ogata,
Science Robotics(2021 Impact Factor: 23.748), Vol. 7, Issue 65, 2022
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Dr. H. Ito

APRIL 2022
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' I Outward-door

Inward-door

The prediction errors between the near-future situation predicted by the six motion generation modules
and the robot’s camera image are calculated in real-time, and the smallest one is used for motion generation.



Flexible object handling by DPL

[H. Ichiwara+, ICRA2022] [H. Ito+, ICRA2022]
K
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Inspire the Next

 EMICERRNEET B R L T,
)\ OF oy R IMER @ 2T C 2 3L EMIBLELE

Training with only “36"” motion data



Cloth bag zipper opening by 4
deep predictive learning HITACH!

Inspire the Next

Predicted Image
Attentlon Predicted Attention =
.

Camera
Image

IYI
Tz

Tactile ;ense N Predicted

t ft+1 tactile sense
Joint angles \
a, > > q(a¢sq)

@PCNN  (FTransposed CNN [ 'Spatial softmax HBRNN W 1D softmax Predicted

joint angles

Trained with 36 opening motions (10 sec) in different bag conditions



Spray bottle / far Camera image

3x speed
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Expected behavior: 1. “Drag with a tool” if the spray bottle is “far”
2. “Pick up with a gripper” if the spray bottle is “close”




Industrial applications of DPL

Multimod %
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Live demos at ICRA2024 @

HITACHI

Inspire the Next

My TokyoRobotics

| HITACHI ||

| Inspire the Next | |




Learning of Cooking with an
Attention Mechanism

N. Saito, M. Tatsumi, A. Kubo, K. Suzuki, H. Ito, S. Sugano,
and T. Ogata, Humanoids 2025

Dr. N. Saito

Trained
only “32"
cooking
motions
with
different
heat

5 3
.
o 4 \
P ~ 4
-
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\

— ;
Start stirring and ' ‘
circling inside the pot | " 1 4
1 Robot eye camera 1 Predicted by CAE P|OYbCIC|( of levels
teacher actions




Repositioning Assistance by Deep
Predictive Learning

T. Miyake, N. Saito, T. Ogata, Y. Wang, and S. Sugano, IROS2025




Human Roboft Interaction with
End-to-end motion generation

[RA-L accepted, 2026]

* human-robot interaction to support putting on socks.

& 1ust
e
. MOoNsHOT @

WASEDA

]]]]]]]

Demonstration in Expo 2025 OSCIKCI ansm Japan (August 6th)



AIREC-Basic & MOONSHOT

End2End live demonstration HITACHI

1X (March 7th, 2025@Miraikan, Tokyo) g((P(OAugL;:tltéa?ZS@Kansai Q DDDDD e



AIROA (Al Robot Association)

On March 27, 2025, a press conference was held to establish AIRoA.

It has been featured in various media.

AlRoA e ' o W T

Al Robot
Association
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20B JPY (approx. 130M USD) supported by NEDO (METI) in August 2025
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Robot PF| Create a Scalable/Data Driven Robot Learning Ecosystem AIROA
N :
Social “ e :
Implemen- C‘; —_— :
tation _ _ ) Food o ® Feed back and |
Manufacturing transportation cleaning Service Caregiving Healthcare accumulate data |
A A a generated :
® Integrate foundation models and implement them in society \
1 1 1 |
Individual Foundation model Foundation Model Foundation Model E
Models Developer A Developer B Developer C !
__________________________ A________________________A________________________A_________________________________________________:

@ Learn individual models based on base foundation models

Base Model Base foundation model ] :
v1.0 ? Use newly created ,
data to further |
4 improve the :
@ Develop base foundation models using data in the data infrastructure performance of !
foundation models |
of !
g > quantity, variety and quali !

< >
| Data Infrastructure | Collect data and
update models by
A R A verifying learned baseI
models on test robots
®Collect overwhelmingly insufficient data in the field of robot !
o ® ®Add the standard !
N Te - i '
Hardware / . -Standard machines such as <« achines !
“ Robots for Testing “ TMC, Hitachi, PFR, etc. ‘ﬁm% :
=== — -Other Robots |



Regular, Startup, and Supporting Members (as of Sept. 19, 2025)

€ ABEJA GMO Mo SBIntuitions il recexistence SAKURA internet
‘ [e®)
| 7 % P MITSUBISHI
TOYOTA / ELECTRIC NEC FUJITSU NISSAN
Regular -
Members [(YFJIKAMs PKSHA ppiicivess DENSO  pwe  HITACHI

Startup Comected Jizai Frsr=rr=2 Y TokyoRobotics  ALGOMATIC & RTcorrPoraTioN

Robotics
Members S .
<) FastLabel UQO A APTO KUFUSHA SINIC X
_ WS h R B 50
Su ppo rtl ng ISUZU ADVANCED ENGINEERING CENTER, LTD

Members



Board of Directors

A
AlRoA

Chairman: Tetsuya Ogata
Professor, Waseda University
Joint-Appointed Fellow, AIST
Vising Professor, NII

Director: Yutaka Matsuo

Professor, Artificial Engineering Research
Center/Graduate School of Engineering,
The University of Tokyo

Director: Tadahiro Taniguchi
Professor, Kyoto University

Visiting Research Faculty (Professor),
Ritsumeikan University

Director: Yoshitaka Ushiku
G Vice President for Research, Omron
-\ Scinex Corporation
) Chief Research Officer, Ridge-i

7. A% Corporation

Director: Genki Sano
Director and CTO, Telexistence, Inc.
(collaborating with Physical Intelligence)

Director: Koji Bito

Research Director, Advanced Robotics
Research Area, R-Frontier Department,
Toyota Motor Corporation

Director: Eriko Nogi
Matsuo Research Institute Co.

Director: Yosuke Okada
CEO, ABEJA, Inc.

Special Advisor: Teruo Fujii
President of the University of Tokyo
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Data Collection Using HSR and Live Demonstration at CoRL2025 AIRoA

AIROA MoMa Dataset: A Large-Scale Hierarchical
Dataset for Iv\blle I\/\lepUk]TIOﬂ -

qu. An Open Framework for Scalable VLA Development
AIRoA

From Seoul to Tokyo
(You Can Try!)

Teleoperation

(% x
L) "m’“’(mom; 4
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.9, °

From Tokyo to Seoul

= 1 B
Dr. T. Matsushima
(AIROA CTO & U of Tokyo)

@Seoul
Teleoperated from Tokyo Autonomous (finetuned PIO) Sept. 30th, 2025




Case study with the platform developed by AIROA @ Tamagawa Univ.

Partnering with the HSR community to validate piO finetuning

Collect three types of data for about 5 hours: pick, place, and the movement that
connects them.

—
’,.
1

Prof. T. Inamura

Command:
“Clear the table: put the useful items on the shelf and discard the trash."




Humanoids Summit in Silicon Balley (2025 Dec.)

Google DeepMind, Disney Research, Boston Dynamics, 1X, etfc.

==

—ixttEEAAIQRY MR (AIROA). YU IIVNL—%-REF
BRORT « 2 AEk "'Bay Area Robotics Association
(BARA): tEEEEZRSR

BAELKEOORT « VALV RATLZRKY, HRKRKICAT BREZHE



Fundamentals and
Core Technologies for

Embodied Al
[Embodied Al Systems]
Research Supervisor:

Tetsuya Ogata

April 2025
Tetsuya Ogata
Professor, Waseda University

@ Japan Science and Technology Agency
Waseda University




@ CREST

EMBODIED Al SYSTEM

Research Fund and Duration

2025 year proposal

® Research period: 5.5 years (from October 2025 to the
end of March 2031)

® A total of approximately 15 proposals will be adopted,
including those for 2026 and 2027.

® Budget size of each proposal (upper limit): Total 300M
JPY (approx. 2M USD) (excluding indirect expenses)

# The amount of the application may be adjusted by
scrutiny, etc.




Ogata CREST (2025-) ®@CResT

Solving future social issues

Labor shortages in services, manufacturing, transportation, etc. due to the extremely low birthrate and aging

population, nursing care, livestock farming, agriculture, polar exploration, etc.

Intelligent systems that flexibly respond to real-worid
environments

(1) Development of AI models that can (2) Integration of intelligence with
physical and driving function systems

flexibly adapt to real environments

Pseudo-direct drive motors, Tactile
sensors, Physical reservoir models,
Compression,
decenftralization, and quantization of

foundational models, etfc.
J

Robotic foundational models, End-to-End models,
World models, Imitation learning, Reinforcement
learning, Uncertainty handling, Active inference,
Transfer learning, Continual learning, Long-term

motion generation, Cognitive developmental
robotics, Symbol emergence robotics, Agent

\cooperoﬁon, Al model security and risk analysis, etc.

Integration and ]
ollaboratio

1

(3) Establishment of system infrastructures to support Al

Computing (Edge Al devices, Robot OS, Distributed cooperative processing, Real-time
processing, Network control, Operations management (ML-OPS)

Cont ' Com oy : Neuro
unicati

putati .
rol A on on A science

Integration and collaboration of various fields




Research Area Advisors

@ Prof. Koichi Osuka

« Faculty of Robotics and Design, Osaka Institute of Technology
€ Prof. Hiroyuki Okada

« Information Design, Tokyo Information Design Professional University
@ Dr. Chihiro Ono

« Executive Director, Data Intelligence Division, KDDI Research, Inc.
€ Prof. Asako Kanezaki

« School of Computing, Institute of Science Tokyo
& Prof. Keiji Kimura

« Faculty of Science and Engineering, Waseda University
& Prof. Hideaki Shimazaki

« Graduate School of Informatics, Kyoto University
€ Prof. Kazuhiro Nakadai

« Dept. of Systems and Conftrol Engineering, Institute of Science Tokyo
€ Prof. Kouta Minamizawa

« Graduate School of Media Design, Keio University




Ogata CREST Projects (2025)

m  Prof. Genki Kanda (Science Tokyo)
m  The Living Laboratory: Embodied Al Agents Conduct Life
Science Research

H\\i\y"
m  Prof. Yoshihiro Tanaka (Nagoya Institute of @ CREST

EMBODIED Al SYSTEM

Technology)
®m  Body Integration Learning Framework for Highly Skilled
bt Supported by
MEXT, JST
= Dr. Yukiyasu Domae (AIST)
= MORAL: A Body-Thinking Robot Foundation Model
15 proposals
= Prof. Ho Anhvan (JAIST) X
m  Cross-X: Al-Driven Tactile/Proximity, Adaptive
Components Delivering Physical Intelligence Across 300M JPY
Embodiments
(approx. 2M
m  Prof. Ko Hosoda (Kyoto University) USD)

m  Real-world Adaptive Intelligence emerging from Soft
Embodiment
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Positioning of CREST and AIROA

Open Data Collection
Ecosystem for Robotic

Infrastructure Models
(Short-term)

Mutual Cooperation

Flexible response to
real-world environments
Exploration of Theories
and Principles for the

Realization of Intelligent
Systems and Creation of
New Technological
Trends (Long-term)

Targets of “AIROA"”

‘%YF’ Al Robot
Association

Social
Implementation

Future Society
created by
Embodied Al

Targets of
CREST "Embodied AI System"

) CREST

EMBODIED Al SYSTEM



P
"
ot
s
-
—
—

e
X

—
—
———
[o—————y
[C——
R

i

ol

Acknowledgements

ENT PROGRAM

N
AIROA

MOONSHOT

@’
-
[

NIRC

&

Waseda University




