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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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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 Sy gl
A Community

U Addressing technol ogyé

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

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
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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 ,
- X ' them to take charge of their own
.

continuing education
. i é AN : i The FlexiMasters programme for

WS S - * —a continuing education
B — 1 degree level, launched in 2020, has

grown to more than 35 curricular

offerings from all parts of the University
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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 . . .
e’ rﬁ 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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Nanyang Technological University

Top Industry Partners
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Top Academic Partners
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Nanyang Technological University

ABOUT SPEAKER
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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

. X |ﬁ R NEW FOUNDATION OF
Overseas Scholarship (1984 - 1989) 2008 —/g S S INATEIEE:IIE?\I% "

Robotics Society of g'ingapore

2003
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FUNDAMENTALS OF

ROBOTICS

Natural Language
Understanding by Robots
o Tost 40 Mg

Wb e e

‘Service

2023

’Enterprising
1984: BEng (China)
1986: MSc (France)
1989: PhD (France)

@ Research /

Innovation

Teaching Portfolio
1. Sensors

2. quOtICS ‘ £E%; Associate Professor
3. Microprocessors L - Ming XIE
4.

Machine Intelligence : 2 https/xieming.robofics.sg
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qu NANYANG TECHNOLOGICAL UNIVERSITY SINGAPORE ‘
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Nanyang Technological University

Artificial Intelligence Research Leading to Science of Mind

Authentic Al
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Physical World ¢
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Xie M and Wang X. H., 2025, Biomimetic Digital Twin of Future Embodied Internet for Advancin,
Autonomous Vehicles and Robots Open AccessJournal of Biomimetics

XieM, Wang X. H. and LiJ. H., 2025, A Hybrid Strategy for Achieving Robust Matching Inside the
Bnocular Vision of a Humanoid Robot, Open AccessJournal of Mathematics.

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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Associate Professor

Ming XIE
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Humanoid

Miomir Vukobratovic
(1931-2012)
Discovery of ZMP

Any smart
dynamic
system has a
physical body

and brain  we—p
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Robotics Research

Research Focuses

Nanyang Technological University

In-House Developed Prototypes of Humanoid Robots

/\ Medium-sized Humanoid Robot
I
/ Knowledge Flow » Cognition + Perception
* Recognition |« Planning
/Motton Flow '+ Interaction ||« Control
+ Motion Kinematics
/\\ '+ Motion Dynamics
| — Signal Fi OW\- " « Position Sensors
o~ + Velocity Sensors
» Force/Torque Sensors
Energy Flow |+ Visual/Acoustic Sensors
’ + Power Suppliers
Material Flow 13 Actuators an§ Controllers _
/\ * Appearance |+ Computing
+ Structure *  Memory
/Key Steps | |+ Mechanism ;
FUNDAMENTALS OF NEW FOUNDATION OF
ROBOTICS ARTIFICIAL
INTELLIGENCE | 1. XieM and WangX. H, 2025, Biomimetic Digital Twin of Future Embodied Internet for Advancin

Autonomous Vehicles and Robots Open AccessJournal of Biomimetics

XieM, Wang X. H. and LiJ. H., 2025, A Hybrid Strategy for Achieving Robust Matching Inside the
Bnocular Vision of a Humanoid Robot, Open AccessJournal of Mathematics.

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

Research on Autonomous Driving with Embedded Driver or Robot Driver
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Xie M and Wang X. H., 2025, Biomimetic Digital Twin of Future Embodied Internet for Advancin,
Autonomous Vehicles and Robots Open AccessJournal of Biomimetics

XieM, Wang X. H. and LiJ. H., 2025, A Hybrid Strategy for Achieving Robust Matching Inside the
Binocular Vsion of a Humanoid Robot, Open AccessJournal of Mathematics.

Xie M., Fang Yuhui and Lai Tingfeng, 2025, New Solution to 3D Projection in Human-like Binocular
Vision, Inter national Journal of Humanoid Robotics.

Xie M., 2024, Top-down Design of Human-like Teachabie M ind, Special Issuein Celebrating UHR's
20th-Year Anniver sary, International Journal of Humanoid Robotics.

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

Associate Professor

Ming XIE
http://xieming.robotics.sg
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Nanyang Technological University

Key Breakthrough No.1 : X - Eye Coordination

3D Forward Projection | 3D Inverse Projection
_fu Left finage u ,1(ght7mage —S'/O -
S %
*'1..____‘ ~ . \
va Path.‘\\ rv“’ Pa’[}f'*} }’/9
b Y6
| Y0 |

",

Frame at tunme
(t=0)
Hand-Eye Head-Eye

N\ : s Coordination Coordination
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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
* A 4 l E ________
\ 4 '
Images Images
Clmages > |
A 4 A 4
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

sbulueaw
alusodwo)

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

sBuiueaw
Areluswis|3

Usages Behaviors

Space- Vector - Time

Space- Vector - Time
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Nanyang Technological University

Outl i ne of Todayos Tal
A Old Foundation of Science of Mind
Artificial Intelligence
= NEW FOUNDATION OF
INTELLIGENCE
A True Foundation of | > e
Artificial Intelligence

A Discussions and
Conclusions
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Nanyang Technological University

NEW FOUNDATION OF

Key Takeaways ¢ ARTIFICIAL

INTELLIGENCE

A What is Brain?

I Itis a system which provides a) computation, b) memory
and c) interface to sensory systems as well as actuation |
systems.

A What is Mind?

I Itis a system which could transform: a) signals to
knowledge, b) knowledge to knowledge and c) knowledge
to signals.

A What is Intelligence?
I Itis the capabilities of Mind, which are supported by Brain.
A What is Atrtificial Intelligence?

I Itis the capabilities of Artificial Mind, which are supported
by Artificial Brain.

"M K 1 4 4 4 . FY -

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



Nanyang Technological University

Outl i ne of Todayos Tal
A Old Foundation of Science of Mind
Artificial Intelligence
= NEW FOUNDATION OF
ARTIFICIAL

INTELLIGENCE

I > Ming Xie
Hui Chen

Zhencheng Hu
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Nanyang Technological University

FUNDAMENTAL
QUESTI ONS e
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Nanyang Technological University

Fundamental Question 1

A Which one of the following two systems is the

generator of Artificial Intelligence?
e KTOT ?2KTOD 2

i A) Artificial Brain K T 2 0

i B) Artificial Mind K T ®
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Scientific Scientists research man missing 90% of his

E‘é"i‘?”ce brain who leads a normal life
o CBC Radio - Posted: Jul 14,2016 5:27 PM EDT | Last Updated: April 17, 2023
Brain is not
critical to
intelligence

These scans of a French man's brain were published in The Lancet in 2007. Since then, this case has puzzled
researchers, including cognitive psychologist Axel Cleeremans. (Feuillet et al/The Lancet)
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Scientific Evidence No.2: Brain is a general -
purpose system.

» J Undergrad Neurosci Educ. 2016 Apr 15;15(1):C1-C3.

The Woman Born Without a Cerebellum: A Real-Life Case Adapted for Use
in an Undergraduate Developmental and Systems Neuroscience Course

Jennifer Brielmaier 1™

» Author information » Article notes » Copyright and License information

PMCID: PMC5105972 PMID: 27980478

Abstract '

In 2014, the case of a 24-year-old woman who had just discovered she was born without a

cerebellum made headlines around the world. The details of this case were combined with
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Nanyang Technological University

SCIentIfIC Review > Annu Rev Vis Sci. 2021 Sep 15:7:201-223. doi: 10.1146/annurev-vision-091517-034003.
Evidence Epub 2021 Jul 9.

No.3: Visual Signals in the Mammalian Auditory System

Meredith N Schmehl ' 2 3 Jennifer M Groh 1 4 % 6 2 3

Brain is a o
Affiliations + expand

general - PMID: 34242053 DOI: 10.1146/annurev-vision-091517-034003 (4
purpose
system. Abstract

Coordination between different sensory systems is a necessary element of sensory processing. Where
and how signals from different sense organs converge onto common neural circuitry have become
topics of increasing interest in recent years. In this article, we focus specifically on visual-auditory
interactions in areas of the mammalian brain that are commonly considered to be auditory in
function. The auditory cortex and inferior colliculus are two key points of entry where visual signals
reach the auditory pathway, and both contain visual- and/or eye movement-related signals in humans
and other animals. The visual signals observed in these auditory structures reflect a mixture of visual
modulation of auditory-evoked activity and visually driven responses that are selective for stimulus
location or features. These key response attributes also appear in the classic visual pathway but may
play a different role in the auditory pathway: to modify auditory rather than visual perception. Finally,
while this review focuses on two particular areas of the auditory pathway where this question has
been studied, robust descending as well as ascending connections within this pathway suggest that
undiscovered visual signals may be present at other stages as well.

Keywords: auditory; auditory cortex; inferior colliculus; multisensory integration; reference frames;
saccade.
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Biological Evidence No.1: Intelligence is not a property
of biological brain &
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