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Nanyang Technological University

Vision and Mission

A great global university
founded on science and
technology, nurturing
leaders and creating
societal impact through
interdisciplinary education
and research.
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Nanyang Technological University

Leadership

Professor Ho Teck Hua
President and Distinguished University Professor

Professor Christian Wolfrum
Deputy President and Provost
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Nanyang Technological University

Ranked Among the Best in the World
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NTU 2025 Strategic Plan

NTU 2025 reinforce Addressing humani tyos ¢
commitment to the four core pillars
of the University:

U Mitigating our impact on the environment

_ U Harnessing the science, art and technology of
A Education learning

A Research
A Innovation
A Community

U Addressing technol ogyé
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U Responding to the needs and challenges of
healthy living and ageing




Nanyang Technological University

15-Year Sustainability Manifesto

Solidifying the Univers
as a global leader in sustainability

0 NTUGs sustainability manifest
halve net energy utilisation and new sustainability courses

U First university in the world to launch a sustainability-linked bond
with an AAA credit rating fro

U Sustainable campus with eight zero-energy buildings, the most
amongst organisations in Singapore

U Home to two of Asia's largest wooden buildings, Gaia and The
Wave

0  Winner of ISCN's Whole Systems Approach Excellence Award in
recognition of sustainable practices in the areas of research,
education, community engagement, and infrastructure
developments
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Nanyang Technological University

Main Campus

200 hectares State -of -the -art-facilities 25 halls of residence

The NTU Smart Campus is a |iving testbed of t
named among the most beautiful campuses in the world.
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Nanyang Technological University

Medical Campus

School of Medicine Learning and research Sports and recreation

Home to the Lee Kong Chian School of Medicine
The school aims to be a model for innovative medical education and a centre for
transformative research.
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Nanyang Technological University

At a Glance

35,400 students

24,800 undergraduates
10,600 postgraduates

8,000

faculty, researchers and
staff from 73 countries

300,900 alumni

representing 172 nationalities
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Nanyang Technological University

At a Glance

Nanyang
Environment & Earth Isiivie T
Le N KO n g Water Observatory Digital
6 Chian Research of Singapore Molecular

Institute Analytics and

Science

Colleges A\ School of

Singapore

S, edicne 4 College of ML
15 Science  Wibcade
hool College of
Schools Engineering-
National Nanyang
Institutg of College of Business
Education Humanities, School
World -class institutes E”";@E%;‘;S'“p Artsscf;r? :;;al

& research centres

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)



Nanyang Technological University

NTU Academy for Professional and Continuing Education

U Consolidates continuing education and
training capabilities and expertise within
the University

U Enriches the lifelong learning experience
of adult learners, including the
Uni versityos al umni ,
them to take charge of their own
continuing education

U The FlexiMasters programme for
continuing education
degree level, launched in 2020, has
grown to more than 35 curricular
offerings from all parts of the University

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)



Nanyang Technological University

Global Alliance of Industries @ NTU

Global Alliance of Industries @ NTU

Connect
Collaborate : . - . .
Co-Innovate A Catalysing new university-industry partnerships through multiple
consortia, corporate laboratories, multidisciplinary institutes and
Sy A : : .
g‘ = " technology invention disclosures
\, y

A Over 250 industry partners and 20 corporate and joint labs with
global entities such as Alibaba, Continental, Hewlett-Packard,
Nanofilm Technologies, Rolls-Royce and Schaeffler
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Top Industry Partners
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Nanyang Technological University
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Nanyang Technological University

Xie Ming as Scientist and Educator in Authentic Al, Humanoid Robotics and Autonomous Driving
2004 2010 2010 2021

Recipient of Chinese Government’s
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Robotics Society of §ngapore
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2023

‘Enterprising
1984: BEng (China)
1986: MSc (France)
1989: PhD (France)
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4. Machine Intelligence y, http://xieming.robotics.sg
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Nanyang Technological University

Artificial Intelligence Research Leading to Science of Mind
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Xie M., Fang Yuhui and Lai Tingfeng, 2025, New Solution to 3D Projection in Human-like Binocular
Vision International Journal of Humanoid Robotics.

Xie M., 2024, Top-down Design of Human-like Teachable M nd, Special lssuein Celebrating UHR's
20th-Year Anniversary, International Journal of Humanoid Robotics

Xie M. Lai Tingfeng, and Fang Yuhui, 2023, A New Principle Toward Robust Matching in Human-like
Stereov sion, Open Access Journal of Biomimetics
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Nanyang Technological University

Humanoid Robotics Research

Research Focuses In-House Developed Prototypes of Humanoid Robots
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Nanyang Technological University

Research on Autonomous Driving with Embedded Driver or Robot Driver
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Nanyang Technological University

Key Breakthrough No.1 : X - Eye Coordination

3D Forward Projection | 3D Inverse Projection
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Nanyang Technological University

Key Breakthrough No.2: Model - Based Vision

Conjugate Views

Conceptual Space Physical Space \
Visual Learning

— 3D Models / i '

A

A

view] [ view] ! _\_/_|e__\__/§/__ T __\_/_I_é\__ll_l:: :Vigw'j view
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Images Images
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Model-to-View Synthesis Model >/_§<)< Object Image Analysis
i Image V Image
Model Viewin )
x ° 2D-to-2D Matching [—r—>{ 3D Objects:
. ! - Identity
A B Image Features - Pose & Scale
> Model Selection [*
[ Model-Based Image/Photo Understanding
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Nanyang Technological University

Key Breakthrough No.3: Large Knowledge Models

KnowNet is a Large Knowledge Model with Concept -Physical Meanings
Who What What Where When How Who What What Where When How
Constraint Networks Constraint Networks

Topic Network Episode Network

Concept Network
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Sentence Network Interaction Network

Phrase Network Relation Network

Space- Vector - Time Space- Vector - Time

Conceptual World < Encoding Decoding > Physical World

List of Words List of Entities

Entity

Word

Properties Constraints Properties Constraints
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Nanyang Technological University

Key Takeaways: Under st an

A One Definition: Robot with Outlook of Human Being

A Three Domains of Knowledge: Body, Brain and Mind

A Five Key Steps of Development: They are the effective
ways to translate the three domains of know-hows into
the achievements of these five layers of:

I Material Flow Inside Humanoid Robots

I Energy Flow Inside Humanoid Robots

I Signal Flow Inside Humanoid Robots

I Motion Flow Inside Humanoid Robots

I Knowledge Flow Inside Humanoid Robots
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Nanyang Technological University

OQutline of Todayos Tal k

A What is humanoid robot?
A What are the domain knowledge behind humanoid robot?

A What are the key steps toward development of humanoid robot?
I Material Flow Inside Humanoid Robots
I Energy Flow Inside Humanoid Robots
I Signal Flow Inside Humanoid Robots
I Motion Flow Inside Humanoid Robots
I Knowledge Flow Inside Humanoid Robots

A Concluding Remarks
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OQutl i ne of Todayos Tal k

A What is humanoid robot?
A What are the domain knowledge behind humanoid robot?

A What are the key steps toward development of humanoid robot?
I Material Flow Inside Humanoid Robots
I Energy Flow Inside Humanoid Robots
I Signal Flow Inside Humanoid Robots
I Motion Flow Inside Humanoid Robots
I Knowledge Flow Inside Humanoid Robots

A Concluding Remarks
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Nanyang Technological University

Three Big Questions

A What is humanoid robot by definition?

A What is humanoid robot from the viewpoint of
applications?

A Why are humanoid robots so special and so
Important?
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Nanyang Technological University

Definition of Humanoid Robots

A A humanoid robot is a human-made creature which includes human-
like body, human-like brain, and human-like mind, for the purpose of
doing:

N\
Execution of Motion
\
Performance of Tasks
I
Interaction with People
/
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Why to explicitly separate brain
from mind?

Discoveries in Religion

Coarse Mind
Subtle Mind
Deep Mind

Intelligence
y 0y y arises 'from mind
Biological body

- Action - Memory - Cognition : :
. : is not life/soul
- Reaction - Computation

- Recognition o s

To 3| Do o 3>
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Astonishing
Trut hs &

A Life never dies
A Life reincarnates
A One body has one brain

A One brain could house different minds

34



Astonishing
Trut hs &

A Life never dies

A Life reincarnates

A One body has one brain

A One brain could house different minds

A One mind has multiple settings
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Nanyang Technological University

Applications of Humanoid Robots

A

A

A

Humanoid robot is a mini-version of Internet of Things

Humanoid robot is a mega actuator

Humanoid robot is a mega sensor

Humanoid robot is a mega emitter (e.g. to trigger emotions)

Humanoid robot is a mega speaker (e.g. speech and body language)

Humanoid robot is a mega performer

Humanoid robot is a mega worker, driver, and operator, etc.
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Nanyang Technological University

Importance of Humanoid Robot

A Humanoid robot is the best platform for
advancing research in science and engineering.

A Humanoid robot is the best platform for
advancing and promoting education.

A Humanoid robot is the best platform for
advancing product innovations in industry.
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Nanyang Technological University

No.1: Humanoid robots are best
platforms for research . This is
because humanoid robots enable
both discoveries and inventions in
some better ways.

ASensor Technology
- AActuator Technolo
Human-like - ¥

AMechanism

Skills AComputing
ACommunication

AReal-time System

AVision System
Human-like ASpeech System

ADecision-making System
Intelligence

APlanning and Control
ACognition and Recognition
ACooperation
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Nanyang Technological University

No.2: Humanoid robots are best platforms for education

This is because humanoid robots facilitate learning and
teaching STEM in schools.

ASensor Technology

0 AActuator Technology
Human-like AMechanism

Skills AComputing and

Communication
AReal-time System

AVision System

ASpeech System
ADecision-making System
APlanning and Control
ACognition and Recognition
ACooperation

Human-like
Intelligence
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No3: Humanoid robots are best platforms for prototyping :
This I s because humanoid robotsdo te
upgrade of existing industries, and also the creation of new

products and new services.

., Product

»

Applications

»

- - M-
- - M-

Universal Intelligence

Human Intelligence ﬁ}( Desiqn | | Production | Applications

Time
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Top Players of Humanoid Robots (1)

France, Italy, United Kingdom, Germany

‘Ameca
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Top Players of Humanoid Robots (2)

Japan, South Korea, China

o o

1T
2002 2003 2004 2005 2008
KHR1 KHR2 HUBO1 Albert HUBO HUBO2
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Top Players of Humanoid Robots

United States

“——




Nanyang Technological University

OQutl i ne of Todayos Tal k

A What is humanoid robot?
A What are the domain knowledge behind humanoid robot?

A What are the key steps toward development of humanoid robot?
I Material Flow Inside Humanoid Robots
I Energy Flow Inside Humanoid Robots
I Signal Flow Inside Humanoid Robots
I Motion Flow Inside Humanoid Robots
I Knowledge Flow Inside Humanoid Robots

A Concluding Remarks
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Three Domains of Knowledge underlying
the R&D of Humanoid Robots

A Domain No.1:
I Artificial Body (Primary Focus of Robotics)

A Domain No.2;
i Atrtificial Bain (Primary Focus of Computer Engineering)

A Domain No.3:

I Artificial Mind (Primary Focus of Artificial Intelligence,
Cognitive Science, or Science of Mind)
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Domain No.1: Artificial Body
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How to design a body which is a network of rigid
links with actuators, sensors and controllers, for
the purpose of delivering actions and reactions?
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