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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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Copyright @ Ming Xie

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
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School of Mechanical & Aerospace Engineering

Design, Machine, Control, Intelligence

Visual Knowledge Perception

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 3

MA4829 Machine Intelligence

AI 3.0

http://personal.ntu.edu.sg/mmxie
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Outline of Module 3

Å Lecture 1: 

ïAcquisition of Optical Images

Å Lecture 2:

ïAcquisition of Digital Images

Å Lecture 3:

ïProcessing Skills of Digital Images

Å Lecture 4:

ïPoint-Based Processing Techniques

Å Lecture 5:

ïFrame-Based Processing Techniques

Å Lecture 6:

ïArea-Based Processing Techniques
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Outline of Module 3

Å Lecture 1: 

ïAcquisition of Optical Images

Å Lecture 2:

ïAcquisition of Digital Images

Å Lecture 3:

ïProcessing Skills of Digital Images

Å Lecture 4:

ïPoint-Based Processing Techniques

Å Lecture 5:

ïFrame-Based Processing Techniques

Å Lecture 6:

ïArea-Based Processing Techniques
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School of Mechanical & Aerospace Engineering

Design, Machine, Control, Intelligence

Acquisition of Optical Images

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 3

MA4829 Machine Intelligence

AI 3.0

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

Å Emission of Visual Signals

Å Travelling of Visual Signals

Å Knowledge from Visual Signals

Å Optical Imaging of Visual Signals
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Outline of Lecture 1

Å Emission of Visual Signals

Å Travelling of Visual Signals

Å Knowledge from Visual Signals

Å Optical Imaging of Visual Signals
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Energy Levels of Electrons
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Emission of Photons

Å An electron inside atom or 

molecule can transit between 

the ground state and excited 

states.

Å When an electron inside atom or 

molecule transits from an 

excited state to the ground 

state, a photon is emitted. 
Excited States
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Energy of Photon éPlanckôs Constant

Wavelength
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Sources of Light

Å Any object, which emits continuously photons, is a light 

source. There are: a) direct light sources, and b) indirect light 

sources.

Direct Light Source Indirect Light Source
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Example of Light Source é
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Outline of Lecture 1

Å Emission of Visual Signals

Å Travelling of Visual Signals

Å Knowledge from Visual Signals

Å Optical Imaging of Visual Signals
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Å Lights travel along straight lines from a source within a same media. 

The photons along a travelled line form a light ray.

When lights travel inside a media é
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When lights hit smooth surfaces é

Å Light rays can be reflected so as to change the directions of 

travel.

Parabolic Surface
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Examples of Light Reflection é

Parabolic Surface
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When lights enter from one media into 
another media é

Å Light rays can travel from one media into another media. Such 

change of media will cause light rays to change direction of travel. 

Such phenomenon is called refraction.
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Illustration of 
Refraction: 

Lights can change 
direction when 
entering from one 
media into another 
media é
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Example of Experiment é
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Refraction is a function of frequencies é

Å A light ray is composed of photon waves of different wavelengths or 

frequencies, which create the sensation of colourful light rays. When 

sun lights pass through glass prism, refractions occur at different 

angles which separate colourful light rays.

Statement from Buddhaôs Mantra of Heart: Colorless is colorful while colorful is colorless.

Colorless Color
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Doppler Effect on 
Lights é

What should be the 

Doppler Effect on 

lights?

Doppler Effect on Wavelength: 

When emitters move away from observers, light wavelengths increase.
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What is chromatic aberration?

Chromatic Aberration

It refers to the failure of light rays to converge at one focus.

https://www.google.com.sg/search?sca_esv=5ae9fa8a9abbd3fe&sxsrf=AHTn8zo1WclFxaJL5ZR7dnzh-1w_2vac8Q:1740366499586&q=converge&si=APYL9bvKONvNV8bZy6puQpL09JUBGh1tn-OyX84KgY6YajUPE9YohyrIV1eWmUxmRIcNLIuSOj8Zdn-0kaaUtCenJUOB2YfqIJaPBM8XjeE9b_THCcoQn4M%3D&expnd=1&sa=X&ved=2ahUKEwjsnfK3qtuLAxVQcWwGHQ17KfgQyecJegQIMhBI
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Lights could be spread into a large area é

Å A transparent device, with two spherical surfaces sharing a common 

axis, is called a lens. If the spherical surfaces are concave, the 

incoming light rays to such lens will be diverged.
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Lights could be focused into a small area é

Å A transparent device, with two spherical surfaces sharing a common axis, 

is called a lens. If the spherical surfaces are convex, the incoming light 

rays to such lens will be focused.

Also Called Thin Lens
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Outline of Lecture 1

Å Emission of Visual Signals

Å Travelling of Visual Signals

Å Knowledge from Visual Signals

Å Optical Imaging of Visual Signals
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What could be computed from visual signals?

Geometry

Å Path (Motion)

Å Direction (Appearance)

Photometry

Å Luminance (or Intensity)

Å Chrominance (or Colour) 

Colour 

Space



Nanyang Technological University

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

Visual signals have paths é
Å Path refers to the spatial locations 

that light rays travel through.

Reflected Light RaysDirect Light Rays
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Visual signals have directions of 
travel é

Å Direction refers to the angles of light rays with respect to reference 

lines.

Refraction

Reflection
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Visual signals have luminance é

Å Luminance refers to a single value which represents the 

energy levels of light rays.

Grey Scale Levels
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Visual signals have chrominance é

Å Chrominance refers to a set of two values which represent 

the colour information of light rays.

With Colours Without Colours
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What is colour? A Sensation!
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Any colour is a combination of 
three primary colours é

Å Red, Green and Blue are three primary additive colours. The 

mixture of the primary additive colours can produce other 

colours.
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Example of Colour Combinations é
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Visual signals define a three dimensional 
colour space é

Å The values of luminance and chrominance form three-

dimensional colour spaces.
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Example of RGB Colour Space
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Example of L*a*b Colour Space

-b
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Example of HSV Colour Space

Å Hue (colour angle), Saturation (colour amplitude), Visual 

Brightness
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RGB Colour Space to L*a*b Colour 
Space Conversion
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RGB Colour Space to HSV Colour 
Space Conversion
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Outline of Lecture 1

Å Emission of Visual Signals

Å Travelling of Visual Signals

Å Knowledge from Visual Signals

Å Optical Imaging of Visual Signals
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Human eyes are only sensitive to visible lights é

Energy Increases

Wisdom of Buddha: Colorless is colorful while colorful is colorless.
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Human eye has a positive lens é

Object

Inverted Image 

Of Object

Iris
Lens

Three Important Parameters of Lens: 

Å Distance to object, 

Å Distance to image, and 

Å Focal length
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Imaging 
Nomograph of 
Positive Lens

Image Distance Axis

Object Distance Axis

Focal Length Line

Ὓ

Ὓ
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f: focal length
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(Also Called Thin Lens)
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Exercise

Å We place an object at the distance of 500 mm in front of a thin lens 

with the focal length of 200 mm. Where is the distance of the 

objectôs image?

Å Solution:

Ὢ ςππάά

Ὓ υππάά

ρ

Ὓ

ρ

Ὓ

ρ

Ὢ

Ὓ
Ὓ Ὢ

Ὓ Ὢ

υππςππ

υππςππ
σσσȢσσάά
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Images inside a human eye are upside 
down é

Å The top of an object will appear at the bottom of a human eye.

Image

Object
Eye
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Human eyeôs positive lens acquires 
optical images é

Light Patterns

Actual Object

Optical 

Images

Analogue/Digital

Images
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Positive lens also allows electronic eyes 
to form optical images é

Subject

Lens
Camera

Film

Clear BlurryBlurry
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Equation of Positive Lens é

fSS

111

21

=+
f: Focal Length

S1: Distance to Object

S2: Distance to Image

Normal Scope
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Another Application of Positive Lens

Micro Scope

fSS

111

21

=+
f: Focal Length

S1: Distance to Object

S2: Distance to Image

Viewer
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Design Example of Electronic Eyes

Physical World

Analogue

or Digital

Images

Camera or Electronic Eye

Light Rays

Optical

Images

Conceptual Worlds
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Example of a Giant Camera é

On April 3, 2024, the U.S.Department of Energy(DOE)released newsof a new digital camera, the Legacy Survey of 
Space and Time (LSST) Camera, that will take pictures every 20 seconds for ten years. At 6,200 pounds, the camera is 
around the size of a small car and is the largest astronomy camera ever built.

https://www.thomasnet.com/insights/doe-blueprint-for-decarbonizing-americas-buildings-sector/
https://www.energy.gov/science/articles/largest-digital-camera-ever-built-astronomy-makes-its-debut
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Å Emission of Visual Signals

Å Travelling of Visual Signals

Å Knowledge from Visual Signals

Å Optical Imaging of Visual Signals

Summary of Lecture 1



Nanyang Technological University

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

Outline of Module 3

Å Lecture 1: 

ïAcquisition of Optical Images

Å Lecture 2:

ïAcquisition of Digital Images

Å Lecture 3:

ïProcessing Skills of Digital Images

Å Lecture 4:

ïPoint-Based Processing Techniques

Å Lecture 5:

ïFrame-Based Processing Techniques

Å Lecture 6:

ïArea-Based Processing Techniques
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School of Mechanical & Aerospace Engineering

Design, Machine, Control, Intelligence

Acquisition of Digital Images

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 2 of Module 3

MA4829 Machine Intelligence

AI 3.0

http://personal.ntu.edu.sg/mmxie
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Outline of Lecture 2

Å Sensing of Optical Images

Å Digitization of Electronic Images

Å Representation of Digital Images
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Outline of Lecture 2

Å Sensing of Optical Images

Å Digitization of Electronic Images

Å Representation of Digital Images
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Sensor Array

Byte image[256][256];

Design Principle of Electronic Eye

Optical Images

Colorful Scene
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Sensing of Optical Images by Human Eyes é

120 million rods
6 million cones

MISO
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Discussion: Top - Down Design versus Bottom - Up Evolution
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How to measure photometry?

Å Use of Photoelectric Device to Sense:

ï Intensities

ï Colors
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A Person to Remember: Albert Einstein

Å He has discovered the photoelectric effect which 

is the emission of electrons from a material 

caused by electromagnetic radiation such as 

ultraviolet light. Electrons emitted in this manner 

are called photoelectrons.

Nobel Prize in Physics 1921
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Use of Charge Coupled Device (CCD) 
(including photodiodes)

To shift charges

Shift Register

Shift Register
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Use of Three - Transistor Device

Å Complementary Metal Oxide Semiconductor (CMOS) Photodiode

Å Row line for selection control

Å Column line for reading output
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How to sense RGB components?

Output of Color Images

Output of Monochrome Images
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Example of Sensing RGB Components é
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How to convert multiple inputs into a single output?
MISO
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Go to

Vertical

Shift

Register

Vertically

Shift Down

One Line

Horizontally

Shift Out

One Line
MISO
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Further Explanation é MISO é 

Pixel = Picture Element

s

Multiple Inputs and Single Output
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s

Multiple Inputs and Single Output
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s

Multiple Inputs and Single Output

éé

One Row
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Illustration for CCD Image Sensor é



Nanyang Technological University

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

Outline of Lecture 2

Å Sensing of Optical Images

Å Digitization of Electronic Images

Å Representation of Digital Images
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Two Methods

ÅDirect Acquisition from CMOS Image Sensor Array

Å Indirect Acquisition from CCD Image Sensor Array

A/D

Video Formatting
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Direct Acquisition from CMOS Array
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Example of Product: CMOS Image Sensor
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Indirect Acquisition from CCD Sensor
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Reading 
Visual Signals 
Line by Line é

Voltage

Line #4

A/D

What are the standards of analogue videos?

Video Formatting
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Array of CCD Image Sensors

Digital Values at Discrete Times

Line #4

Gray-

Level

Line #4

Voltage

Analogue Values at Discrete Times

Digital Image or Pixmap

Row

Column 0      1     2     3     4     5     6     7     8     9    10    11

0

1

2

3

4

5

6

7

8

9

97  103 110 140 141 150 145 143 110  90   55   30

A pixel

Doing A/D Conversion

(Sampling + Quantization)
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Format of Electronic Image Signals

A/D

NTSC is the video standard commonly used in North America 

and most of South America. PAL is the video standard which 

is popular in most of the European and Asian countries. The

difference between NTSC and PAL is the transmission of 

number of frames per second. In NTSC, 30 frames are 

transmitted per second. In PAL, 25 frames are transmitted per

second.

RS-170 is the standard black and white video 

format used in the United States.

Monochrome Video

Video Formatting
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More about formatting é

Light Rays

Color

Filter
Two Dimensional

Spatial Data

(Matrix of Image)

One Dimensional Time Signals

Which Consists of a Series of Line Signals  

Color Component Video

Three Color Components

3 x

Å NTSC, PAL, SECAM

Å MP4, AVI, WMV, é 
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Sampling Electronic Image Signals

A/D

Quantization:

Video Formatting



Nanyang Technological University

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

Quantizing Sampled Electronic Image Signals é
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Memorising 
Quantized 
Digital Images

Byte image[480][500];
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E
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Videos from 
Night Vision 
Systems é
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Displaying or Processing Digital Color Images

A/D

Video Formatting(h, w, d)
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Artifacts from CCD and CMOS Arrays
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Outline of Lecture 2

Å Sensing of Optical Images

Å Digitization of Analogue Images

Å Representation of Digital Images
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Sensor Array

Byte image[256][256];

Output from Image Acquisition

Optical Images
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Example of RGB Color Images at Output

A/D

Video Formatting(h, w, d)
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Example of Grayscale 
Images at Output

Byte image[480][500];
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Representation of Grayscale 
Images inside Software

Å Number of rows: max_r

Å Number of columns: max_c

Å Number of bits per value: 8 bits

Å Matrix representation:

ïByte  pixmap[max_r][max_c] ;

v axis

u axis

v u

u

v

Row index comes first before column index
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Representation of RGB Color 
Images inside Software

Å Number of rows: max_r

Å Number of columns: max_c

Å Number of bits per value: 8 bits

Å Matrix representation:

ïByte  pixmap[max_r][max_c][3];

v axis

u axis

v u

0: Red component

1: Green component

2: Blue component

u

v

Row index comes first before column index
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How to resize images?

ὺȟό ὺȟό

Input Image at Resolution

Output Image at Resolution

Ὄȟὡ

Ὄȟὡ

(row, column) (row, column)

(height, width)

(height, width)
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How to resize images?

ὺȟό ὺȟόὺȟό

Input Image at 

Absolute Resolution

Output Image at 

Absolute Resolution

Ὄȟὡ

Ὄȟὡ

Intermediate Image at 

Relative Resolution:

(100%, 100%)

ὺ
ὺ

Ὄ
ρππϷ

ό
ό

ὡ
ρππϷ

ὺ Ὄ ὺ

ό ὡ ό
ὺȟό

Step 1: Determine the index coordinates at the output image
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How to resize images?

Ὑὺȟό Ὑὺȟό

Ὃὺȟό Ὃὺȟό

ὄὺȟό ὄὺȟό

Step 2: Copy RGB values from input image to output image

ὺȟό ὺȟόὺȟό

Input Image at 

Absolute Resolution

Output Image at 

Absolute Resolution

Ὄȟὡ

Ὄȟὡ

Intermediate Image at 

Relative Resolution:

(100%, 100%)
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Example of Resizing Images é

Another way of resizing images é

Input Image

Output Image






















































































































































































































































