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Outline of AI 3.0

ÅModule 1: True Foundation of Visual Intelligence

ÅModule 2: Visual Knowledge Representation

ÅModule 3: Visual Knowledge Perception

ÅModule 4: Visual Knowledge Computation

ÅModule 5: Visual Knowledge Applications
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ABOUT NTU
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Remember NTUôs Vision é

House of Talent

Hub of Global Impact
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Remember NTUôs Mission é

House of Talent

Builder

Hub of Global Impact
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Education is to help citizens to fulfill their missions 
on Earth, which include: to understand the world 
and to improve the world é
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ABOUT YOU
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Remember your mission as MAE 
undergraduates é

ÅYou are here to grow your knowledge 

and skills so as to be able to design 

machines with controllable behaviors 

and hopefully in some intelligent 

ways.
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How to fulfill your mission?
Å To apply learnt knowledge and skills into the implementation of the 

following universal blueprint underlying all the intelligent machines 

or systems.

Systems

Under Control

Actual

Workspace

Control

Modules

Sensory

Modules

Planning

Modules

Digital

Workspace

Userôs 

Instructions

+

-

Perception

Modules

Automation / Control Loop

Autonomy / AI Loop
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ABOUT COURSE
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Two Big Questions é

ÅHow to achieve automation?

ïTo apply the theory of control

ÅHow to achieve autonomy?

ïTo apply the theory of mind
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Two Big Dilemmas é

ÅTop-Down Design versus Bottom-Up Optimization

ïShould the creatures in the universe be the outcomes 

of designs by Designers or the outcomes of natural 

evolution by Optimizers?

ÅMind-Centric Approach versus Brain-Centric Approach

ïDoes intelligence arise from Mind or from Brain?
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Dilemma versus Common Sense é

Intelligence

Human 

Intelligence

Machine 

Intelligence

Mind-Centric 

Intelligence

Brain-Centric

Intelligence

Computational

Intelligence

Artificial

Intelligence

Computer-Aided

Human Intelligence

Mind-Centric 

Intelligence

(AI 1.0 and AI 2.0)

(AI 3.0)
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Why to study visual intelligence?
Å The motivation is to 

achieve machineôs 

self-intelligence.

Å More specifically, we 

aim at achieving the 

transformations from 

visual signals to 

cognitive states of 

knowing the 

meanings inside the 

visual signals.

Physical World

Human Languages

Conceptual Worlds

Properties Constraints

Knowledge

Natural Sciences Social Sciences

Human Intelligence

Computer-Aided Intelligence
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òWe are living inside an ocean of signalsó

Å One Tool

Å Two Worlds

Å Three Intelligences

Å Four Pillars

Keys of AI
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Visual Signals

Roadmap of 

Visual Intelligence

What to learn?

1. Image Acquisition

2. Image Processing

From 2D Images to   

2D Scene 

From 2D Images to   

3D Scene

Vision

ActuatorsController

Sensors

Decisions
AI-Integrated Applications

Inverse Kinematics
Scenes

Signals

knowledge knowledge knowledge

Signals

Actions

Signals

Signal Ą Knowledge

Knowledge Ą Knowledge

Knowledge Ą Signal

Multiple AI Pipelines

knowledge knowledge

Knowledge

Representation

True Foundation of AI

1. Computing Geometry

2. Computing Fuzziness

3. Cognizing Knowledge

4. Recognizing Knowledge

knowledge

Lights      Photometry     Geometry     Conceptual Meanings
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How to study visual intelligence?

Å To put yourselves into the mindset of designers of intelligent systems:

ïWho are the users? (any machine with intelligence inside)

ïWhat are the needs of users? (to transform visual signals into knowledge)

ïWhat are your intelligent systems? (to spell out the functionality)

ïWhat are the solutions behind the design of your intelligent systems?
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How to apply?

Å You could use MATLAB to quickly apply:

ïWhat you have read

ïWhat you have heard

ïWhat you have learnt

Practice

Practice

Practice

MATLAB = No.1 AI Software

Should Seeing be Believing?

(Rapid Prototyping Software)

We are more affected by Beliefs than by Truths.
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Should Seeing Be Believing?
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Terminology Alert é

1. Image properties at the lowest level include continuities and 

discontinuities. Hence, there are two types of pixels which are color 

pixels and edge pixels. These are the identities of pixels at the 

lowest level. 

2. Therefore, ñhow to transform pixels into their identities?ò is the so-

called problem of symbol grounding in visual intelligence.

3. As a result, symbol groundings include symbol grounding of color 

pixels and symbol grounding of edge pixels.

4. Symbol grounding of color pixels is a process of sense-making 

which transforms pixels into common-sense or inner-sense of 

colors.

5. Symbol grounding of edge pixels is also a process of sense-making 

which transforms pixels into common-sense or inner sense of 

curves.

6. The combinations of colors and curves create meaningful patterns.
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Todayôs Lectures é

ÅModule 1: True Foundation of Visual Intelligence

ÅModule 2: Visual Knowledge Representation

ÅModule 3: Visual Knowledge Perception

ÅModule 4: Visual Knowledge Computation

ÅModule 5: Visual Knowledge Applications



Nanyang Technological University

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

School of Mechanical & Aerospace Engineering

Design, Machine, Control, Intelligence

True Foundation of 

Visual Intelligence

XIE Ming, PhD (France)

http://personal.ntu.edu.sg/mmxie 

òWe are living inside an ocean of signalsó

What is a system with intelligence inside?

Module 1

MA4829 Machine Intelligence

AI 3.0

http://personal.ntu.edu.sg/mmxie
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Outline of Module 1

ÅLecture 1: 

ïTrue Foundation of AI Systems

ÅLecture 2:

ïInput to AI Systems

ÅLecture 3:

ïOutput from AI Systems
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Outline of Module 1

ÅLecture 1: 

ïTrue Foundation of AI Systems

ÅLecture 2:

ïInput to AI Systems

ÅLecture 3:

ïOutput from AI Systems
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School of Mechanical & Aerospace Engineering

Design, Machine, Control, Intelligence

True Foundation of AI Systems

XIE Ming, PhD (France)

http://personal.ntu.edu.sg/mmxie 

òWe are living inside an ocean of signalsó

What is a system with intelligence inside?

Lecture 1 of Module 1

MA4829 Machine Intelligence

AI 3.0

http://personal.ntu.edu.sg/mmxie
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Outline of Lecture 1

ÅAI 1.0: Machine Thinking

ÅAI 2.0: Machine Learning

ÅAI 3.0: Machine Self-Intelligence

ÅOverview of Machineôs Visual Intelligence
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Outline of Lecture 1

ÅAI 1.0: Machine Thinking

ÅAI 2.0: Machine Learning

ÅAI 3.0: Machine Self-Intelligence

ÅOverview of Machineôs Visual Intelligence
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A Special Person é

Å Researchers in the United Kingdom had been 

exploring ñMachine Intelligence" for up to ten 

years prior to the founding of the field of Artificial 

Intelligence (AI) research in 1956. 

Å Machine Intelligence was a common topic among 

the members of the Ratio Club, an informal group 

of British cybernetics and electronics researchers 

that included Alan Turing. 

Å Alan Turing, in particular, had been running the 

notion of machine intelligence since at least 1941 

and one of the earliest-known mentions of 

ñComputer Intelligence" was made by him in 1947.

https://en.wikipedia.org/wiki/Artificial_intelligence
https://en.wikipedia.org/wiki/Ratio_Club
https://en.wikipedia.org/wiki/Cybernetics
https://en.wikipedia.org/wiki/Electronics
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First AI

Winter

Second AI

Winter

Expert

Systems

Turing

Test

AlphaGo

1997

First Chatbot

ELIZA

A Special Beginning of AI é

Big Question: 

Does intelligence 

arise from brain 

or mind?
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An Astonishing Hypothesis é

Å The Astonishing Hypothesis is a 1994 book 

by scientist Francis Crick about consciousness. 

Crick, one of the co-discoverers of the 

molecular structure of DNA, later became a 

theorist for neurobiology and the study of 

the brain.

Å The Astonishing Hypothesis is mostly 

concerned with establishing a basis for 

scientific study of consciousness.

Å However, Crick places the study of 

consciousness within a larger social context. 

Human consciousness according to Crick is 

central to human existence and so scientists 

find themselves approaching topics traditionally 

left to philosophy and religion.

He made suggestion that by analyzing 

brainôs signals, one should be able to 

discover the details of mind or soul.

AI 1.0

https://en.wikipedia.org/wiki/Francis_Crick
https://en.wikipedia.org/wiki/Consciousness
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Neurobiology
https://en.wikipedia.org/wiki/Brain
https://en.wikipedia.org/wiki/Philosophy
https://en.wikipedia.org/wiki/Religion
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USAôs Brain Initiative é

Å In April 2013, the President announced the 

launch of the BRAIN (Brain Research 

through Advancing Innovative 

Neurotechnologies) Initiative®ï a bold, new 

initiative focused on revolutionizing our 

understanding of the human brain.

Å The initiative will accelerate the development 

and application of new technologies that will 

enable researchers to produce dynamic 

pictures of the brain that show how individual 

brain cells and complex neural circuits 

interact at the speed of thought. These 

technologies will open new doors to explore 

how the brain records, processes, uses, 

stores, and retrieves vast quantities of 

information, and shed light on the complex 

links between brain function and behavior.

AI 1.0
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Europeôs Brain Project é

Ṝ The Human Brain Project (HBP) is one of 
the three FET (Future and Emerging 
Technology) Flagship projects. 

Ṝ Started in 2013 , it is one of the largest 
research projects in the world . More than 
500 scientists and engineers at over than 
140 universities, teaching hospitals, and 
research centres  across Europe come 
together to address one of the most 
challenging research targets Ṿ the 
human brain.

Ṝ The Human Brain Project aims to put in 
place a cutting -edge research 
infrastructure that will allow scientific 
and industrial researchers to advance our 
knowledge in the fields of neuroscience, 
computing, and brain -related medicine .

AI 1.0
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Advocation of Thinking Machine é
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A Special Belief About Relationship 
Between Brain and Intelligence é

AI 1.0

Question:

If a machine could not 

learn or could not be 

teachable, how could it 

think in general?
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Outline of Lecture 1

ÅAI 1.0: Machine Thinking

ÅAI 2.0: Machine Learning

ÅAI 3.0: Machine Self-Intelligence

ÅOverview of Machineôs Visual Intelligence
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A Special Person é

Å The term machine learning was coined in 1959 

by Arthur Samuel, an IBM employee and 

pioneer in the field of computer 

gaming and artificial intelligence. The 

synonym self-teaching computers was also 

used in this time period.

Å Although the earliest machine learning model 

was introduced in the 1950s when Arthur 

Samuel invented a program that calculated the 

winning chance in checkers for each side, the 

history of machine learning roots back to 

decades of human desire and effort to study 

human cognitive processes.

https://en.wikipedia.org/wiki/Arthur_Samuel_(computer_scientist)
https://en.wikipedia.org/wiki/IBM
https://en.wikipedia.org/wiki/Computer_gaming
https://en.wikipedia.org/wiki/Computer_gaming
https://en.wikipedia.org/wiki/Artificial_intelligence
https://en.wikipedia.org/wiki/Arthur_Samuel_(computer_scientist)
https://en.wikipedia.org/wiki/Arthur_Samuel_(computer_scientist)
https://en.wikipedia.org/wiki/Computer_program
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A Special Abuse of Terminology é

Å People still believe the following misleading description of machine 

learning é

Å Statistics and mathematical optimisation (mathematical programming) 

methods comprise the foundations of machine learning. Data mining is a 

related field of study, focusing on exploratory data analysis (EDA) 

via unsupervised learning.

Å Machine learning (ML) is a field of study in artificial 

intelligence concerned with the development and study of statistical 

algorithms that can learn from data and generalise to unseen data, and 

thus perform tasks without explicit instructions. Within a subdiscipline in 

machine learning, advances in the field of deep learning have 

allowed neural networks, a class of statistical algorithms, to surpass many 

previous machine learning approaches in performance.

https://en.wikipedia.org/wiki/Statistics
https://en.wikipedia.org/wiki/Statistics
https://en.wikipedia.org/wiki/Mathematical_optimisation
https://en.wikipedia.org/wiki/Mathematical_optimisation
https://en.wikipedia.org/wiki/Data_mining
https://en.wikipedia.org/wiki/Exploratory_data_analysis
https://en.wikipedia.org/wiki/Unsupervised_learning
https://en.wikipedia.org/wiki/Field_of_study
https://en.wikipedia.org/wiki/Artificial_intelligence
https://en.wikipedia.org/wiki/Artificial_intelligence
https://en.wikipedia.org/wiki/Computational_statistics
https://en.wikipedia.org/wiki/Computational_statistics
https://en.wikipedia.org/wiki/Data
https://en.wikipedia.org/wiki/Generalise
https://en.wikipedia.org/wiki/Task_(computing)
https://en.wikipedia.org/wiki/Machine_code
https://en.wikipedia.org/wiki/Deep_learning
https://en.wikipedia.org/wiki/Neural_network_(machine_learning)


Nanyang Technological University

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

First AI

Winter

Second AI

Winter

Expert

Systems

Turing

Test

AlphaGo

1997

First Chatbot

ELIZA

First Winter in AI é

Big Question: 

Does intelligence 

arise from brain 

or mind?
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Advocation of Learning from Human Intelligence é
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First AI

Winter

Second AI

Winter

Expert

Systems

Turing

Test

AlphaGo

1997

First Chatbot

ELIZA

Second Winter in AI é

Big Question: 

Does intelligence 

arise from brain 

or mind?
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Deep Blue Project: Computer -Aided Human 
Intelligence é

Å Deep Blue  was a chess-playing 

computer developed by IBM. It 

is known for being the first 

computer chess-playing system 

to win both a chess game and a 

chess match against a reigning 

world champion under regular 

time controls.

Å Deep Blue won its first game 

against a world champion on 10 

February 1996, when it defeated 

Garry Kasparov in game one of 

a six-game match.

AI 2.0

https://en.wikipedia.org/wiki/Computer_chess
https://en.wikipedia.org/wiki/Computer_chess
https://en.wikipedia.org/wiki/Computer_chess
https://en.wikipedia.org/wiki/Computer_chess
https://en.wikipedia.org/wiki/IBM
https://en.wikipedia.org/wiki/Garry_Kasparov
https://en.wikipedia.org/wiki/Deep_Blue_-_Kasparov,_1996,_Game_1
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Alpha Go Project: Computer -Aided Human 
Intelligence é

Å AlphaGo  is a computer program that 

plays the board game Go.It was 

developed by Alphabet Inc.'s Google 

DeepMind in London.

Å In October 2015, AlphaGo became 

the first computer Go program to beat 

a human professional Go player 

without handicaps on a full-sized 

19Ĭ19 board. 

Å In March 2016, it beat Lee Sedol in a 

five-game match, the first time a 

computer Go program has beaten a 9-

dan professional without handicaps.

AI 2.0

https://en.wikipedia.org/wiki/Computer_program
https://en.wikipedia.org/wiki/Board_game
https://en.wikipedia.org/wiki/Go_(game)
https://en.wikipedia.org/wiki/Alphabet_Inc.
https://en.wikipedia.org/wiki/Google_DeepMind
https://en.wikipedia.org/wiki/Google_DeepMind
https://en.wikipedia.org/wiki/Computer_Go
https://en.wikipedia.org/wiki/Professional_Go_player
https://en.wikipedia.org/wiki/Go_handicaps
https://en.wikipedia.org/wiki/Lee_Sedol
https://en.wikipedia.org/wiki/AlphaGo_versus_Lee_Sedol
https://en.wikipedia.org/wiki/AlphaGo_versus_Lee_Sedol
https://en.wikipedia.org/wiki/AlphaGo_versus_Lee_Sedol
https://en.wikipedia.org/wiki/AlphaGo_versus_Lee_Sedol
https://en.wikipedia.org/wiki/Go_ranks_and_ratings
https://en.wikipedia.org/wiki/Go_ranks_and_ratings
https://en.wikipedia.org/wiki/Go_ranks_and_ratings
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Is Deep Machine Tuning equal to Deep 
Machine Learning? (from MIT)

AI 2.0
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Example of Machineôs Fake Learning

Salad made of avocado

AI 2.0
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Another Example of Machineôs Fake 
Learning é

AI 2.0
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Optimization is not learning éAI 2.0



Nanyang Technological University

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

éé

AI 2.0

Computation is not learning
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Calibration is not 
learning é

AI 2.0
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Tuning is not learning é

AI 2.0
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A Special Belief About Relationship 
Between Brain and Intelligence é

AI 2.0

Question:

If a machine does not 

have self-intelligence or 

is not teachable, how 

could it learn in general?
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Outline of Lecture 1

ÅAI 1.0: Machine Thinking

ÅAI 2.0: Machine Learning

ÅAI 3.0: Machine Self-Intelligence

ÅOverview of Machineôs Visual Intelligence
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Warm - Up Question 1

ÅWhich one of the following two terminologies is a 

synonym for Artificial Intelligence?

ïA) Artificial Brain

ïB) Artificial Mind
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Evidence 
é
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Many Other Evidences é
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Warm - Up Question 2

ÅWhich one of the following four terminologies is 

a synonym for Learning?

ïA) Cognition

ïB) Optimization

ïC) Tuning

ïD) Calibration
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Warm - Up Question 3

ÅWhich one of the following four transformations 

is not a process of Authentic AI?

ïA) Signal to Signal

ïB) Signal to Knowledge

ïC) Knowledge to Knowledge

ïD) Knowledge to Signal
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Authentic AI versus Fake AI

Sensory

Signals

One

Knowledge
Another

Knowledge

Motor

Signals
Fake AI

Authentic AI

Authentic AI

Authentic AI
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First AI

Winter

Second AI

Winter

Expert

Systems

Turing

Test

AlphaGo

1997

First Chatbot

ELIZA

Rebirth of AI é

Big Question: 

Does intelligence 

arise from brain 

or mind?

2
0
0
9
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Special Pattern of AIôs History

AI 1.0 (Machine Thinking) ( )

AI 2.0 (Machine Learning) ( ӟ)

AI 3.0 (Machine Self-Intelligence) ( ῤ ) ( ΐӊ ֲ̆ )2009

2000

1956
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DARPAôs Viewpoints 
(Wave 1)

2017.2
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DARPAôs Viewpoints 
(Wave 2)

2017.2
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DARPAôs Viewpoints 
(Wave 3)

2017.2
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Chinaôs Viewpoints (AI 2.0)
2017-6
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What are the root causes behind 
such pattern of AI history?

AI 1.0 (Machine Thinking) ( )

AI 2.0 (Machine Learning) ( ӟ)

AI 3.0 (Machine Self-Intelligence) ( ῤ ) ( ΐӊ ֲ̆ )2009

2000

1956
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AI Researchersô Ignorance About 
Biological Manufacturing é

Å Development is a long process of biological manufacturing.

Å Development of brain has nothing to do with design of mind.

Root Cause No.1
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Example of Biological Manufacturing
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A Special Book in AI é

Å It is used in over 1400 universities 

worldwide and has been called "the most 

popular artificial intelligence textbook in 

the world". It is considered the standard 

text in the field of artificial intelligence.

Å The editions of the book include:

ï1st Editionι904 pages, 1995

ï2nd Editionι1043 pages, 2003

ï3rd Edition, 1093 pages, 2010

ïNew Edition, 1152 pages, 2021

The book considers that robotics is part of AI

Root Cause No.2
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An Implicit Definition of 
Artificial Intelligence é

ÅMany people believe that Artificial 

Intelligence refers to computer-aided 

human intelligence, which aims at 

programming human ways of doing 

perception, planning and action.

ÅComputer-aided Intelligence is not 

equal to Computer Intelligence!

Root Cause No.3
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How to clear the misconceptions in Artificial 
Intelligence? é

AI 1.0: Machine Thinking

ÅArtificial intelligence 

refers to computer-aided 

human intelligence, which 

aims at programming 

human ways of doing 

reasoning, inference and 

decision-making.

ÅComputer-aided 

Intelligence is not equal 

to Computer Intelligence!

AI 2.0: Machine Learning

ÅArtificial intelligence 

refers to computer-aided 

human intelligence, which 

aims at programming 

human ways of doing 

learning of knowledge 

about truths and skills.

ÅComputer-aided 

Intelligence is not equal 

to Computer Intelligence!
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Speech by Chinaôs President é
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Speech by Singaporeôs Prime Minister é
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NTUôs AI-Related Position Statement No. 1:
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NTUôs AI-Related Position Statement No. 13:
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Our Solution: Embrace a New Paradigm in AI é

Old: Bottom -up Evolution

ÅMind Is What Brain Does

ÅMind Comes from Evolution

Å Development without  Design

Å Computer-aided Intelligence

Å Tuning Is Learning

New: Top -Down Design

ÅMind Is Not Brain

ÅMind Comes from Design

ÅProduction after Design

ÅSelf-Intelligence

ÅTuning Is Not Learning



Nanyang Technological University

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

New Outlook of Body - Brain - Mind

Body Brain Mind

- Action
- Reaction

- Memory
- Computation

- Cognition
- Recognition

Last Frontier in Science: ñScience of Mindò

How to design machineôs mind?

Å Soul

Å Life
Coarse Minds Subtle Minds Deep Minds
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What is body?

Å A body is a motion system which could undertake action and 

reaction.

Body Brain Mind

- Action
- Reaction

- Memory
- Computation

- Cognition
- Recognition
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What is brain?

Å A brain is a computing system which could undertake computation  

and memorization.

Body Brain Mind

- Action
- Reaction

- Memory
- Computation

- Cognition
- Recognition
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What is mind?

Å A mind is a knowledge system which could undertake cognition and 

recognition.

Body Brain Mind

- Action
- Reaction

- Memory
- Computation

- Cognition
- Recognition
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Astonishing Truth Between Brain and Mind é

Å Energy -> Signal -> Data -> Big Data -> Big Intelligence
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Astonishing Truths 
Between Brain and Mind 
é

Å Life never dies

Å Life reincarnates

Å One body has one brain

Å One brain could house different minds
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Astonishing Truths 
Between Brain and Mind 
é

Å Life never dies

Å Life reincarnates

Å One body has one brain

Å One brain could house different minds

Å One mind has multiple settings
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How to make machines to learn?

Å In my book published in 2003, I said that 

the necessary condition for a machine to 

be able to learn is to be educable.

ɍ How much promise remains for 
entrepreneurs? Plenty, Gates insisted 
during a tour of several top universities 
in 2004. In a stop at MIT, a student asked 
Gates if another tech company could ever 
match MicrosoftɅs success.ɈIf you invent 
a breakthrough in artificial 
intelligence so machines can learn,ɉ he 
responded, Ɉthat is worth 10 
Microsofts .ɉ

How to design educable robots or machines?

AI 3.0
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What should be the true foundation of AI?

ÅThe foundation of Artificial 

Intelligence should be 

machineôs self-intelligence, 

which aims at discovering 

and implementing the 

principles behind the 

transformations from 

signals to cognitive states 

of knowing the meanings 

inside the signals.

AI 3.0
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True Foundation of Artificial Intelligence

Physical World

Human Languages

Conceptual Worlds

Properties Constraints

Knowledge

Natural Sciences Social Sciences

Human Intelligence

Computer-Aided Intelligence
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Å One Tool

Å Two Worlds

Å Three Intelligences

Å Four Pillars

Å Signal to Knowledge

Å Knowledge to Knowledge

Å Knowledge to Signal
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AI 3.0
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New History of 
Artificial Intelligence

Third 
Generation 
of Artificial 
Intelligence

Second 
Generation 
of Artificial 
Intelligence

First 
Generation 
of Artificial 
Intelligence

Inference and Reasoning

1943-1956

John McCarthy

Marvin Minsky

Nathaniel Rochester

Claude Shannon

1956 Dartmouth Workshop

Development and Learning

1992-2000

John Weng

James McCelland

Alex Pentland

2000 MSU Workshop

Language and Cognition

2003-2009

Ming Xie

2009 IJHR Paper

AIôs

Foundation Copyright @ Ming Xie

ὸṀљ◗

ᴧ љḙѽ

љ

ḿ⁞ ◊

AI 3.0

AI 2.0

AI 1.0

Å AI 1.0: Machine Thinking

Å AI 2.0: Machine Learning

Å AI 3.0: Machineôs Self-Intelligence

2010

AI 3.0
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New Definition of Intelligence é

ÅIntelligence is the mental ability of transforming 

sensory signals to knowledge, knowledge to 

knowledge, and knowledge to motor signals.

ÅIntelligence is inversely proportional to the time 

taken for the accomplishment of any given task.

ὍὲὸὩὰὰὭὫὩὲὧὩ
ρ

ὝὭάὩ

AI 3.0
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New Definition of Machine Intelligence  é

Definition of AI 3.0

ÅArtificial intelligence refers 

to any machineôs mental 

capabilities of acquiring, 

representing, memorizing, 

transforming, transferring, 

and applying knowledge 

about truths and skills.

Learning = Representation + Memorization

Knowledge = Statics (Truths) + Dynamics (Skills)

AI 3.0
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New Way of Evaluating the Levels of Intelligence in 
AI Systems, AI Machines, or AI Products é

Å My suggestion is to advocate the following better version of test:

Å Define intelligence as being a metrics which is inversely proportional 

to the time taken by an intelligent entity to complete a given task such 

as writing, reading, talking, making, playing, etc.

ὍὲὸὩὰὰὭὫὩὲὧὩ
ρ

ὝὭάὩ ὝὥὯὩὲ Ὢέὶ ὥ ὝὥίὯ

AI 3.0
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New Blueprint of Knowledgeable and 
Skillful Machines or Systems é

Understanding

K Ą K
Perception

S Ą K

Learning

R + M

Understanding

K Ą K
Perception

S Ą K

Planning

K Ą S

Control

S Ą S
Actuation

S Ą S

Sensing

S Ą S

Physical

World

Story

Episode

Event

Behavior

Interaction

Action

Motion

Organized Dynamic Memory of Learnt Knowledge 

AIôs New Paradigm: Signal Ą Knowledge Ą Knowledge Ą Signal

M
in

d
B

ra
in

Inner Control Loop

Outer AI Loop

Body + Brain + Mind = Robotics S: Signal                 K: Knowledge

R: Representation   M: Memorization

B
o
d

y
AI 3.0
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Å Body

Å Brain

Å Mind

Remaining

Challenge

Example of Knowledgeable and Skillful Humanoid 
Robot é

AI 3.0
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More examples é

AI 3.0
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With the Rise of Robotics é

AI 3.0
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New Force of AI: Robotics Will Drive the Development of AI é

Robot Control
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Robot Mind

ù
ù
ù
ù
ù
ù
ù
ù

ú

ø

é
é
é
é
é
é
é
é

ê

è

),,(

),,(

),,(

),,(

),,(

),,(

zzz

yyy

xxx

zzz

yyy

xxx

qqq

qqq

qqq

###

###

###

###

###

###
Inverse Kinematics

ù
ù
ù
ù

ú

ø

é
é
é
é

ê

è

),,(

......

),,(

),,(

222

111

nnn qqq

qqq

qqq

###

###

###

Forward Kinematics

Actuator
ù
ù
ù
ù

ú

ø

é
é
é
é

ê

è

),,(

......

),,(

),,(

222

111

nnn qqq

qqq

qqq

###

###

###

Amplifier
Control 

Algorithms

Sensors
),,( iii qqq ###

Robot Dynamics
),,( iii qqq ###

it

Task Space Joint Space

Kinematics

Desired

Motions

Robot Intelligence

Å Talking

Å Seeing

Å Reading

Å Thinking

Å Composing

Robot Body

How to program motions?

How to perform motions?

How to control motions?

How to simulate motions?

How to simulate motions?

AI 3.0
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New Book of AI é
February 2021

AI 3.0
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Outline of Lecture 1

ÅAI 1.0: Machine Thinking

ÅAI 2.0: Machine Learning

ÅAI 3.0: Machine Self-Intelligence

ÅOverview of Machineôs Visual Intelligence
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How to design a machineôs mind?
Å What are inputs?

Å What are the inner processes or transformations?

Å What are outputs?

ÅWhere is what?

ÅWhere is who?

Cognition

Recognition

KnowNet

Cognition

Sensing Audio SignalsAudio Signals

Visual Signals
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Truth about Input to AI Systems

ÅWe are living inside an ocean of signals which 

could be transformed into knowledge-flows by 

our minds. 
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Visual Intelligence and Its Input

Å Visual intelligence will enable machine to achieve the transformations 

from visual signals to cognitive states of knowing the meanings behind 

the visual signals:

1. Where is what?

2. Where is who?

Cognition

Recognition

KnowNet

Cognition

Sensing Audio SignalsAudio Signals

Visual Signals
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Importance of Visual Intelligence

Å A picture is worth more than a thousand of words.

Å Colorless has no difference than colorfulness.

Å Colorfulness has no difference than colorless.

ñﬞ їḄ ò, -  Ḓḑ (Confucius)

Among all the signals to AI systems, visual signals occupy the No. 1 position!
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General Framework of Visual Intelligence
Å Signal Ą Knowledge Ą Knowledge Ą Signal

Meaning Networks

In

Physical World

Meaning Networks

In

Conceptual Worlds
KnowNet

Text Analysis

Scene Synthesis Scene Analysis

Text Synthesis
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Meanings

Image

Meanings Image Acquisition
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Seeing ScenesAction/Interaction/Emotion

Action/Interaction/EmotionHearing/Reading Documents

Organized Memory

Å Action

Å Imagination
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A Large Knowledge Model for Visual Intelligence é

KnowNet  is Large Knowledge Model of Concept -Physical Scene

Constraint Networks

Topic Network

Concept Network

Sentence Network

Phrase Network

Constraint Networks

Episode  Network

Event Network

Behavior Network

Configuration  Network
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Key Focus: How to transform visual signals into 
elementary meanings? Solution consists of é

Å Step 1: Transform visual signals into elementary meanings in the physical 

                  world.

Å Step 2: Transform elementary meanings in the physical world into 

                  elementary meanings in a conceptual world. 

Visual Signals to 

Physical Meanings

Transformation

Physical Meanings to 

Conceptual Meanings

Transformation

Elementary 

Meanings


















































































































































