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Outline of Al 3.0

A Module 1: True Foundation of Visual Intelligence
A Module 2: Visual Knowledge Representation

A Module 3: Visual Knowledge Perception

A Module 4: Visual Knowledge Computation

A Module 5: Visual Knowledge Applications

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



Nanyang Technological University

ABOUT NTU

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



Nanyang Technological University

Re me mber NTUOsSs VI SI on

Drive Global Impact

Transform Education

Operational
Excellence

Build Talent & Leadership Bench Strength

House of Talent
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Education House of Talent

We deliver transformative educational
We attract, develop, and retain the very best

people to drive excellence across the
University.

experiences that make our students both
future- and Al-ready, so they are sought after
by employers.

Research, Innovation and Enterprise

Hub of Global Impact
We pursue breakthrough discoveries. We P

integrate technology and the humanities to We drive global tin all that we do. W
address global challenges. We accelerate SAEVE SIODAHNPACE IR Al ENAL WEG0. Y\ S

cutting edge innovation and create promising pursue long-lasting global partnerships with
new enterprises. like-minded institutions across the world.
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Education is to help citizens to fulfill their missions
on Earth, which include: to understand the world
and to I mprove the world e
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ABOUT YOU
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Remember your mission as MAE
undergraduates &

AYou 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?

A To apply learnt knowledge and skills into the implementation of the
following universal blueprint underlying all the intelligent machines

or systems.
User 0s
Instructions
>l Planning : Digital «—| Perception
Modules Workspace Modules
Autonomy / Al Loop T
Control Systems Actual
— > >
® Modules Under Control Workspace

Automation / Control Loop

Sensory
Modules
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ABOUT COURSE
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Two Bi g Questions &

A How to achieve automation?
I To apply the theory of control

A How to achieve autonomy?
I To apply the theory of mind

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



Nanyang Technological University

Two Big Dil emmas ¢&

A Top-Down Design versus Bottom-Up Optimization

I Should the creatures in the universe be the outcomes
of designs by Designers or the outcomes of natural
evolution by Optimizers?

A Mind-Centric Approach versus Brain-Centric Approach
I Does intelligence arise from Mind or from Brain?
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DIl emma versus Common

Mind-Centric J
Intelligence
Human / J /
Artificial

Intelligence
Intelligence

/ / (Al 3.0)
Intelligence \

:\A![nﬂ_-Centrlc I(rt]s[)errlll%uetra]lggnal
ntelligence
Machine /

Intelligence \

Brain-Centric Computer-Aided

Intelligence x Human Intelligence
(Al 1.0 and Al 2.0)
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Why to study visual intelligence? ARHHEAL

......

AThemotivationisto OWe are |living inside an oce€
achieve machi - —
self-intelligence. Machine Intelligence

c
of ®os o g2

A More specifically, we | g =t T3 ks __Artificial
. . . = = 5 = O .
aim at achieving the | 8 8 ¢ 3B 5 Intelligence
transformations from | ¥ 2 x & < 3 X g
Vlsua_l _Slgnals to Computer-Aided Intelligence ]
cognitive states of T —

Knowing the Human Intelligence

: J . Natural Sciences Social Sciences
meanings inside the
: . Knowledge
visual signals. : : __ Human
Properties Constraints :
w Intelligence
R Leanle Conceptual Worlds
One Tool

A T el Human Languages

A Three Intelligences Physical World

A Four Pillar —
\_f_\ Copyright @ Ming Xie
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What to learn? Roadmap of
Visual Intelligence

Lights =» Photometry =»Geometry <> Conceptual Meanings =

Visual Signals

True Foundation of Al 1. Image Acquisition ::'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.i
2. Image Processing | :
Multiple Al Pipelines :
1 . ¥ knowledge :: :
] : ) H knowledge 4 knowledge :
= | 1. Computing Geometry - .
2. Computing Fuzziness T
Signal A Knowledge 3. Cognizing Knowledge EE From 2D Images to From 2D Images to
4. Recognizing Knowledge] i 2D Scene 3D Scene
Knowledge A Knowledge : knowledge i knowledge knowledge }
d Knowledge A Signal Al-Integrated Applications Decisions
Signals Inverse Kinematics Vision <
Scenes
Signals Actions
Knowledge Sianal
Representation Ignais Sensors
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How to study visual intelligence?

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

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

What are the needs of users? (to transform visual signals into knowledge)
What are your intelligent systems? (to spell out the functionality)

What are the solutions behind the design of your intelligent systems?

Audio Signals ——) I — <;:| I <= Audio Signals

Cognition <:I
EKnOWNejt :> ﬂ T] * Where is what?
Recognition Visual Signals  * Where is who?
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How to apply?

A You could use MATLAB to quickly apply:
I What you have read
I What you have heard

I What you have learnt

—_

Practice

Practice — MATLAB = No.1 Al Software
(Rapid Prototyping Software)

/\ Should Seeing be Believing?

We are more affected by Beliefs than by Truths.

Practice
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Terminol ogy 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,idbw t o transform pixels +nto
called problem of symbol grounding in visual intelligence.

3. As aresult, 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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Todayodos Lectures e

A Module 3: Visual Knowledge Perception

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



G 4ok NANYANG School of Mechanical & Aerospace Engineering

TECHNOLOGICAL

Design, Machine, Control, Intelligence

Al 3.0
MA4829 Machine Intelligence

Visual Knowledge Perception

#

XIE Ming, PhD (France)
http://personal.ntu.edu.sg/mmxie

OWe are |living inside an

What is a system with intelligence inside?

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


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

Nanyang Technological University

Outline of Module 3

A Lecture 1:

I Acquisition of Optical Images
A Lecture 2:

I Acquisition of Digital Images
A Lecture 3:

I Processing Skills of Digital Images
A Lecture 4:

I Point-Based Processing Techniques
A Lecture 5:

I Frame-Based Processing Techniques
A Lecture 6:

I Area-Based Processing Techniques
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Outline of Module 3

A Lecture 1:
I Acquisition of Optical Images

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



& NANYANG School of Mechanical & Aerospace Engineering

TECHNOLOGICAL
UNIVERSITY Design, Machine, Control, Intelligence

Lecture 1 of Module 3

Al 3.0
MA4829 Machine Intelligence

Acquisition of Optical Images

#

XIE Ming, PhD (France)
http://personal.ntu.edu.sg/mmxie

OWe are |living inside an

What is a system with intelligence inside?

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


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

Nanyang Technological University

Outline of Lecture 1

A Emission of Visual Signals /\
A Travelling of Visual Signals o
A Knowledge from Visual Signals k
A Optical Imaging of Visual Signals

Optic nerve ]
Occipital lobe
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Outline of Lecture 1

A Emission of Visual Signals /\
A Travelling of Visual Signals ]
A Knowledge from Visual Signals k
A Optical Imaging of Visual Signals

Optic nerve
Occipital lobe
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Energy Levels of Electrons

STIMULATED
EMISSION OF LIGHT




STIMULATED
EMISSION OF LIGHT

Emission of Photons

A An electron inside atom or
molecule can transit between
the ground state and excited
states.

A When an electron inside atom or
molecule transits from an absorption emission

excited state to the ground J _ Excited States
state, a photon is emitted. ¥ T

AE = hv AE= hy \P@\c

@ ground state - ik

Energy




Nanyang Technological University

Ener gy o f Ph(}Ptlaann(ﬁséConstan

Wavelength
/

h=6.626x% 10734 ].s
c=3.0x10%m/s

before emission of photon

Ephoton = E1-Eo

_ > GO
S

after emission
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Sources of Light

A Any object, which emits continuously photons, is a light
source. There are: a) direct light sources, and b) indirect light

Sources.
light iz e Incomin
light ray Rays 9
Reflected
Rays
K\K\K\K\K\
sphere of light \‘\\:\\:\ 0
around the N
luminous source
Surface
Direct Light Source Indirect Light Source
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Example of Light Sour

n-type semiconductor > p-type semiconductor
I I
[ e =_>Q’ «—o I
1 > «—o =
%

. _ L .. e
| ~J light-emitting layer k‘/el ¢
s> @ <O a
| e—> _ o |
glectrode electrode

— o—O—
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Outline of Lecture 1

A Emission of Visual Signals /\
A Travelling of Visual Signals ]
A Knowledge from Visual Signals k
A Optical Imaging of Visual Signals

Optic nerve
Occipital lobe
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When | 1 ghts travel | nsi d

A Lights travel along straight lines from a source within a same media.
The photons along a travelled line form a light ray.

T —

Ray Mod

Light rays
- illustrate the travel
of light in a straight
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When |1 ghts hit smooth s
A Light rays can be reflected so as to change the directions of
travel.
incident light ray reflected light ray
/f‘/ >
7 >
/ >
/ >
I
: /N g
! \
I >
normal to the interface : w'\ >

Parabolic Surface
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Examples of Light Ref|

Incoming
Rays
Reflected Parabolic Surface
Rays
KX XXX >
NN NN N :
NN NN N
NN NN N
NN NN )
T
AN Principal axis
@
C F _
Surface >

-l -
-

Focal
length
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When lights enter from one media into

anot her medil a é

A 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.

As the ray enters the glass from the
air, it changes direction towards the
normal. The angle of refraction is
less than the angle of incidence

Angle of
incidence

Ll
L]
‘\
‘\
N, © Refracted ray
-

Angle of
refraction
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lllustration of

RefraCtion : <= [ncident

Lights can change Refracted Wy Path ray would
. . ransm A Y i
direction when o NE e ey
entering from one ‘
media into another \ e wavefront of
: . left light approaching
medi a e € glass block

N

glass block
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Exampl e of Experi ment
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Refraction 1 s a functi on

A 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.

X
Colorless Red
| Orange

Yellow
S\m\'\g\‘\ 3 Green

3 Blue
‘ Indigo
Violet

Y

Glass prism

St atement from Buddhads Mantra of Heart :
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Doppler Effect on
Li ghts &

Incident

light , Red (660 nm)

What should be the
_ Doppler Effect on
Violet lights?

(410 nm)

Doppler Effect on Wavelength:

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

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

Incident
light
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Lights could be spread 1 n

A 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.

!
.F'-ﬂ:'-ﬂf}:—lﬂ-!{!!{,r-"- ||ght
N LR
. ray
S
™, principle
axis
Sk,
> W R R 2F.
object

Negative (diverging) lens
light
ray
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Lights could be focused I

A 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.

f -
Focal point

Positive (converging) lens
Also Called Thin Lens
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Outline of Lecture 1

A Emission of Visual Signals /\
A Travelling of Visual Signals ]
A Knowledge from Visual Signals k
A Optical Imaging of Visual Signals

Optic nerve
Occipital lobe
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What could be computed from visual signals?

Geometry Photometry
A Path (Motion) A Luminance (or Intensity)
__ Colour
o _ Space
A Direction (Appearance) A Chrominance (or Colour)

—_

e
P
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Vi sual signals have pa

A Path refers to the spatial locations &~
that light rays travel through. B

Plane Mirror

Object N Virtual Image

Equal Distances

This bundle
enters the eye

regular reflection

Direct Light Rays Reflected Light Rays
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Visual signhals have directions of
travel &

A Direction refers to the angles of light rays with respect to reference
lines.

normal

Refraction
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Visual signals have | u

A Luminance refers to a single value which represents the
energy levels of light rays.

Grey Scale Levels
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Vi sual signal s have <chr

A 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!

@© 1
AN RN AVAVAVAN
(D)
> omnge \JS\\JS U\
o Yellow
Q
(af]

TR VAVAVAVAVAVAV/
@®
: ndgo NNV VN
T

vilet N VVVVVV VW
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Any colour Is a combination of
t hree primary <col our s

A 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 Col our Comli

Red

Rose Orange

Magenta ellow

Chartreuse

Blue reen

Green

Cyan
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Visual signals define a three dimensional
col our space &€

A The values of luminance and chrominance form three-
dimensional colour spaces.

Z
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Example of RGB Colour Space

RGB Color Space

Blue

L
L
N
N
.
N
LN
LN
LN
L
L
1

Green Red
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Example of L*a*b Colour Space

White
L'k

Black

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



Nanyang Technological University

Example of HSV Colour Space

A Hue (colour angle), Saturation (colour amplitude), Visual
Brightness
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Nanyang Technological University

RGB Colour Space to L*a*b Colour
Space Conversion

607 0174 0.200e2Rg
299 0587 0114‘9‘?@“
000 0.066 1116@@39

\m:g)\cgé
TS
B RS EH

&L =2507(10Q01Y/Y,,)" - 160
1 2=50001[(X / X,..)" - (Y/Y,.)"]
b=20001[(Y /Y, )" - (Z/Z,,)"]
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RGB Working Space |Reference White RGB to XYZ [M]
0.57€67309 0.1855540 0.1881852
Adobe RGB (1998) D65 0.29737€9 0.€6273491 0.0752741]-
0.0270343 0.0706872 0.9911085
0.4497288 0.316248€ 0.184492€
AppleRGB D65 0.2446525 0.€720283 0.0833192]-
0.0251848 0.1411824 0.9224628
0.E32€6E69€ 0.2045558 0.126994€
Best RGB D50 0.22845€69 0.7373523 0.0341508]-
0.0000000 0.0095142 0.815€858
0.6712537 0.1745834 0.1183829
Beta RGB D50 0.303272€ 0.6637861 0.0329413]-
0.0000000 0.0407010 0.7845080
0.4€741€62 0.2944512 0.188602€
Bruce RGB D65 0.2410115 0.€835475 0.0754410]-
0.0219101 0.073€128 0.9933071
0.4887180 0.3106803 0.2006017
CIE RGB E 0.17€2044 0.8129847 0.0108108]-
0.0000000 0.0102048 0.8897852
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Ekta Space PS5

D50

0.5938914
0.2€0€28€
0.0000000

0.2729801
0.73494€5
0.04189S€S

0.097348S5
0.004424S
0.7832131

NTSC RGB

0.€0€8S0S
0.29851€4
0.0000000

0.1735011
0.5B8€5950
0.0€€0857

0.2003480
0.1144845
1.11€2243

PAL/SECAM RGB

D65

0.430€1S0
0.222037%
0.0201853

0.3415418
0.70€€384
0.1255504

0.1783091
0.071323€
0.5350944

ProPhoto RGB

D50

0.797€749
0.2880402
0.0000000

0.1351817
0.7118741
0.0000000

0.0313534
0.0000857
0.8252100

SMPTE-C RGB

D65

0.38358%1
0.2124132
0.0187423

0.3€52487
0.7010437
0.1118313

0.191€313
0.08€5432
0.95815€3

sRGB

D65

0.41245€4
0.212€728
0.0183338

0.35757€1
0.7151522
0.1191520

0.1804375
0.0721750
0.8503041

Wide Gamut RGB

0.71€104€
0.2581874
0.0000000

0.10082S€
0.7249378
0.0517813

0.1471858
0.01€8748
0.7734287
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RGB Colour Space to HSV Colour
Space Conversion

M =max{R/255G/255B/255
m=min{R/255G/255 B/ 255

C=M-m
M-m
S:T V=M & G/255 B/255
1 6C
1 B/255- R/255 1
H =) +—
] 6C
i R/255- G/255 2
f 6C 3

If M =R/255

If M =G/255

If M =B/255

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Outline of Lecture 1

A Emission of Visual Signals /\
A Travelling of Visual Signals ]
A Knowledge from Visual Signals k
A Optical Imaging of Visual Signals

Optic nerve
Occipital lobe
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Human eyes are only sensitiyv

Energy Increases

102 meters 10 10° 108 10° 10°
1 nanometer 1000 nanometer 1 millimeter 1 meter 1 kilometer

X-rays Microwaves Radio Broadcast
band

Gamma Ultraviolet Infrared Radar

rays (UV) (IR)

Short Wavelenghts Long Wavelengths

Visible Light

Infrared
(IR)

Ultraviolet
(UV)

400 nanometers 500 nanometers 600 nanometers 700 nanometers

Wisdom of Buddha: Colorless is colorful while colorful is colorless.
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Human eye has a posit|

Three Important Parameters of Lens:
A Distance to object,

A Distance to image, and
A Focal Iength Cross section of Human Eye

_ Lens
Irns

Retina

Inverted Image
Of Object

Cilliary
Muscle
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Imaging
Nomograph of
Positive Lens

image

Object Distance Axis
A Focal Length Line

> Image Distance Axis V
i

PP P <:| P P
f: focal length Y oY Q Yo QY
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Exercise

A 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
objectdos I mage?

A Solution:

Real image

Y vmmaa Y "Q vmmeT T o
— Y oco®odaa
Y Q UVIMNCTNTM
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Images inside a human eye are upside
down &

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

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Human eyed0s positive |

en:
optical |l mages &

Light Patterns

Hvc N
ZH V: —_— f\nalogue/DlgnaI
SRVCO mages
moe !

I":.’.'.:'.

= Optical
Images
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Positive lens also allows electronic eyes
to form optical | mages

ON

Blurry  Clear Blurry

Subject \\ ~
Lens Camera Film
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Equati on of Positive L

1 + 1 _ 1 f: Focal Length
o — f S1: Distance to Object
Sl Sz S2. Distance to Image

image
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Another Application of Positive Lens

1 + 1 _ 1 f: Focal Length

o — f S1: Distance to Object

Sl Sz S2. Distance to Image
Micro Scope ‘* ! -~ f—

Viewer
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Design Example of Electronic Eyes

Camera or Electronic Eye
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Exampl e of

On April 3, 2024, the U.Bepartment of Energ(DOE)eleased newsf 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.
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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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Summary of Lecture 1

A Emission of Visual Signals /\
A Travelling of Visual Signals o
A Knowledge from Visual Signals k
A Optical Imaging of Visual Signals

Optic nerve ]
Occipital lobe
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Outline of Module 3

A Lecture 2:
I Acquisition of Digital Images
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& NANYANG School of Mechanical & Aerospace Engineering

TECHNOLOGICAL
UNIVERSITY Design, Machine, Control, Intelligence

Lecture 2 of Module 3

Al 3.0
MA4829 Machine Intelligence

Acquisition of Digital Images

#

XIE Ming, PhD (France)
http://personal.ntu.edu.sg/mmxie

OWe are |living inside an

What is a system with intelligence inside?
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http://personal.ntu.edu.sg/mmxie

Outline of Lecture 2

A Sensing of Optical Images

A Digitization of Electronic Images 1 -
A Representation of Digital Images e /} flom
F°“°di°de\\ /:"e”térker Amplifier Photo Sensor
¥
PLPLPLAL AR . \
[ L P PHL L AL A Signal
Zeilen- DD’L Dbl’ |:|l>-l~ DDI" DDJ‘ DDL Micro | |
Regeter Wire
I B
I (T T .
I I I I I I EnEBfIi ﬂ?ggr)em Digitalbild
R : |
[—F F" F" p—F o ‘ .|

~— N

Output Row Signal Micro Wire  Column Circuit




Outline of Lecture 2

A Sensing of Optical Images
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Design Principle of Electronic Eye

Optical Images

Screen

| optieal e Ll\ i
axis | ™ l
| ~
. \‘-‘-n-l- ——————— =~
Object Lens N

Image Sensor Array

Colorful Scene

Byte image[256][256];

a”

.
SR
—_—

N | |y .
CCD / CMOS grer 2D Digitalimage

sensor |
Digital Camera
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Sensing of Optical | mages
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Discussion: Top  -Down Design  versus Bottom -Up Evolution

"o suppose that the eye with all its .
~ inimitable contrivances for adjusting the
focus to different distances, for admitting

_ different amounts of light, and for the
correction of spherical and chromatic
aberration, could have been formed by

- natural selection, seems, I freely confess,
‘absurd in the highest degree."

TEYRNT Y ARV IR\ 1

- Charles Darwin
| ; Al
I e e
: ! -" 0/...5 T—
- Ry D i
p ’;\;‘, G
e
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How to measure photometry?

A Use of Photoelectric Device to Sense:

T Intensities C:@
i Colors - Vee :
] 2 o
25,} PD — B
Rg Vout =
LDR (opfional)
Light Dependent Resistor
St Fixel Black {}u.
e
s )
.Incident light
Micro lens
Fow Seleat Color filter
| Wafer
n Wiring
Fow Sel=ct

Colum n Selaat Colum n Seleot
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A Person to Remember: Albert Einstein

A 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.

Photoelectric Effect

The photoelectric effect is the emission of electrons from a
material when it absorbs light of sufficient frequency.

Emitted electrons (photoelectrons)

b b Nobel Prize in Physics 1921

Incident light

Metal

@ sciencenotes.org
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Use of Charge Coupled Device (CCD)
(including photodiodes)

Shift Register

To shift charges ‘ ‘ ‘ ‘ ‘
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Use of Three -Transistor Device

A Complementary Metal Oxide Semiconductor (CMOS) Photodiode

amplifier

reset
-

— selector
photodiode *

= T

COLUMN

ROW

A Row line for selection control
A Column line for reading output
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How to sense RGB components?

Photodiode

When photodiodes receive

| , a otoelectlric conversion
' light, a photoelect

1

\

1

\

1

\

These light-collecting

OOCO
00000

microlenses focus the light

from the lens onto individual

produces electrical charges
photodiode cells.

(electrons). These electrons
are then sent in vertical and
\  horizontal directions, and the
\  amount sent is determined by
\ the intensity of the light
\ received by each pixel. Next,
\‘ in the CCD’s output layer, the
' accumulated electrons are
\
\

converted to a voltage, which

\ creates each pixel's image
\output

Color filter

1
Divides light into RGB(red,green

and blue) or CMY(cyan, magenta
and yellow) color components

Flow of electrical charge (electrons) varies
--f -E"'

according to light intensity. Light is
"’ -E’

‘; convert‘ed into an electricQ charge.
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Output of Color Images

Output of Monochrome Images
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Exampl e of Sensing RGB C.
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How to convert multiple inputs into a single output?
MISO
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Furt her Explanati on ¢
Multiple Inputs and Single Output

Basic CCD Theor

« Raindrops = Photons - Conveyor Belts = CCD Shift Register
- Buckets = Pixel s - Metering Glass = Sense Capacitor

Pixel = Picture Element
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Multiple Inputs and Single Output

[/) / J
4 e - -
=< WeNgYe W '.' VeYeYeWa ¥ '.v
eSS HHA

Resetgate Vper VDD
= Raindrops = Photons - Conveyor Beits = CCD Shift Register ! ! !
- Buckets = Pixels - Metering Glass = Sense Capacitor Reset
switch Source
Follower
(SF)
Lio ISHOT (Vsr)
. S S(Vsr)
Vsn osHoT
Sense
SN Node
(SN)
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Basic CCD Theory Multiple Inputs and Single Output

/

“INSN OGO OOODTY
Oslelstetatsrotorosonssont

= Raindrops = Photons - Conveyor Belts = CCD Shift Register
- Buckets = Pixels - Metering Glass = Sense Capacitor

Pixel 2 Pixel 3
I |
2 3 1 2 3
One Row
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Outline of Lecture 2

A Digitization of Electronic Images
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Two Methods

A Direct Acquisition from CMOS Image Sensor Array

A Indirect Acquisition from CCD Image Sensor Array

IMAGE
RAW RAW
SENSOR anaLOoG  DiGITAL
. IMAGE IMAGE
\“\.
| J A/D é IMAGE PROCESSED
h > PROCESSING [~ DIGITAL
N UNIT IMAGE
h\‘\.
{ I
TIMING
OPTICS : —| GENERATION
Video Formatting
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Direct Acquisition from CMOS Array

Fotodiode Yerstarker

S
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¥,
¥
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Example of Product: CMOS Image Sensor

> o) 0:00/3:41
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Indirect Acquisition from CCD Sensor

Anatomy of AN
imAGinG board

Camera outputs
analog data.

Memory chips. Used
for temporary
storage when
transfer bus is too
slow. /

Displqy Bus. Dumps data

directly to computer

Data transfer
bus. The
pipeline
through which
digital data

‘ flows into the
== PC or other

Processing
Data processing chip. system.
More and more, the .
processing is being Analog-to-digital

done on a host
computer in software
rather than hardware.

converter. Reads analog
signal and determines

and other parameters digital representation

for digitization. i (o101010101).

Circuitry sets timing
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IMAGE .\ RAW

R e ad i n g % SENSOR :!h:d:é.ge Fh‘ll‘iggl.
Visual Signals %J oA o o PSS
Line by Line ) I

OPTICS

TIMING
GENERATION

Video Formatting

AVoltage

it

000000000000  l .

‘\\

000000000000 Line #4

%88%%% What are the standards of analogue videos?

i
i
i

A

:
;
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A
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000000000000 ' :

000000000000 Doing A/D Conversion

000000000000 (Sampling + Quantization)

000000000000

000000000000

000000000000

(XX CICXXXXNXNXY  — fvoltage

000000000000

000000000000 By \l\

000000000000 \\

000000000000 .
Array of CCD Image Sensors Line #4

Analogue Values at Discrete Times
Column o 1 2 3 4 5 6 7 8 9 10 11

A Gray-
Level

Row

97 |103]110 %10 141}150]145)143]110] 90 | 55 | 30 === ‘

; 11,
9

Digital Values at Discrete Times

Digital Image or Pixmap
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Format of Electronic Image Signals

IMAGE o\ RAW NTSC is the video standard commonly used in North America
SENSOR anALoe  DiGITAL and most of South America. PAL is the video standard which
IMAGE IMAGE . . . .
IS popular in most of the European and Asian countries. The
J - J IMAGE processep | difference between NTSC and PAL s the transmission of
A/D PROCESSING > DIGITAL number of frames per second. In NTSC, 30 frames are
W transmitted per second. In PAL, 25 frames are transmitted per
T second.
opTics GENERATION RS-170 is the standard black and white vid
Video Formatting - IS e Stan ar_ aCkK and wnite video
format used in the United States.
horizontal sync pulses horizontal sync pulses
A vertical sync pulses
l «0.714¥
+0.054V
ov
line 3
-0.286V
, even field , | odd field |
interlaced video signal
RS-170 standard Monochrome Video
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More about formatting ¢

One Dimensional Time Signals

A NTSC, PAL, SECAM Which Consists of a Series of Line Signals

A MP4, AVI, WMV,
horizontal sync FHESES horizontal sync llhﬂs
vertical sync pulses
+0.714¥
+0.054V
3 X line 3 _ -l:.:ﬂ'l'
| even field , | odd field ,
) interlaced video signal

Light Rays RS-170 standard Color Component Video

On-chip microlens ] : i i

Color filter . .
Color Two Dimensional

Filter Spatial Data
(Matrix of Image)

Three Color Components
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Sampling Electronic Image Signals

SMRGE  RAW RAW horizontal sync pulses horizontal sync pulses
ANALOG DIGITAL
% IMAGE IMAGE vertical sync pulses

?/ ‘ é IMAGE PROCESSED
PROCESSING ™ DIGITAL
— UNIT IMAGE -
o= | 0L ZBEV
T I | even flold . | odd field |

ortics L | GENERNS N interlaced video signal
Video Formatting RS-170 standard
Sample times
Analog P \

/

e

e

input

Quantization: Time —

Digital

output #l lhTi
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Quanti zing Sampled EIl ectronic

. N 111 Analog-to-digital converter (ADC)
111 — v
_ S 110 5
101 110 -
- N 100 § 101 _
2100 - 8
———————————— 011 éon g An &-level (3-
a - - bit) ADC
________ - - - 010 E < coding scheme
________ e 001 || 8907
001 -
__________ - - 000 Fraction of Full =)
000 1 T S@r_a_lg T 1 T
0 0.25 0.5 0.75 1.0
Normalized Analog Input Voltage
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Memorising
Quantized
Digital Images

Yideo signhal

horizontal sync pulses horizontal sync pulses
vertical sync pulses

+0.714¥

+0.054v
oV

line 3 _
[ even field | | odd field |

interlaced video signal
RS-170 standard

Hawwden signal

Bright]

. £, Binary level
fanalog signal A U
Dark | f: i !'|
| e

Slgnal for
harizontal

synchrnnizatinn' | E{Sﬁ';ﬂ’-
Digital signal

Clock
pulse

Divided
into
pixels

>

Byte image[480][500];

IZI pixels Merical)

1

r.'g
u.12JIJI-JI-JJI-JI-JII-II-lm 'q

500 pixels (Harizantal)
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Displaying or Processing Digital Color Images

\4 JW’ 1‘

OPTICS

IMAGE o\

L
RAW
DIGITAL
IMAGE

SENSOR ANALOG
IMAGE
J IMAGE
A/D PROCESSING
— UNIT

|

PROCESSED
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TIMING

Video Formatting

GENERATION

DISPLAY
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Artifacts from CCD and CMOS Arrays

) 0:11/6:18
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Outline of Lecture 2
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Output from Image Acquisition

Optical Images

Screen

: 1
- ".;, I
7 ‘ .,~,',".‘r. i
| N~ 1 !
,,,,,,,,,,,,, Optical. " 7o S R
axis _ = |
R .| !
. &-—-f------- e~
Object fens \ .
\ N

Image Sensor Array

Byte image[256][256];

J L | 1 |
CCD / CMOS e 2D Digitalimage
sensor |
Digital Camera
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Example of RGB Color Images at Output

IMAGE '
RAW RAW
SENSOR ,NALOG  DIGITAL
IMAGE IMAGE

J IMAGE PROCESSED
A/ D PROCESSING ¥ DIGITAL
V JW, — UNIT IMAGE

TIMING
OPTICS : : GENERATION
Video Formatting
DISPLAY
- >
- >
B
>
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Example of Grayscale (hwd) 003
Images at Output 000

Hawwden signal

. : ElrightT
Yideo signhal =
fanalog signal) ‘u'! Binary level
Dark | :
Slgnal for : roo o
hiarizontal Lo '
syhchronization E;Sﬁg‘[ 7 Divided
into
Digital signal Rixels

> Byte image[480][500];

IZI pixels Merical)

Clock U, L s

500 pixels (Harizantal)
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Representation of Grayscale
Images inside Software U

A Number of rows: max_r {1 vaxis

A Number of columns: max_ ¢~ {=—=1 uaxis

>e=1[1 2 3,4 5 6]

A Number of bits per value: 8 bits -

A Matrix representation:

> e(2,1)

i Byte pixmap[max_r][max_c]; > o
1 :

\Y; u Row index comes first before column index
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Representation of RGB Color
Images inside Software U

A Number of rows: max_r {0 vaxis
A Number of columns: max_ ¢~ <=1 uaxis

A Number of bits per value: 8 bits

A Matrix representation: 0: Red component
F() 1: Green component

_ 2: Blue component
I Byte pixmap[max_r][max_c][3];

(|

\Y; u Row index comes first before column index
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How to resize images”?

Output Image at Resolution

l\ O hoo

(height, width)

Input Image at Resolution

‘l\ "Ohw

(height, width)

(row, column) (row, column)
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How to resize images?

Step 1: Determine the index coordinates at the output image

f
b O O
PPN

¥
O = pnunhp

7 (@)
O B - h
%)

pmmb

\ Output Image at )
Absolute Resolution O hw

Input Image at 5
Absolute Resolution "Ohw

Intermediate Image at
Relative Resolution:

l\(100%, 100%)
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How to resize images?

Step 2: Copy RGB values from input image to output image
YO ) YO
‘v ) "Ovh
6(b) 60

Output Image at _
Absolute Resolution O hw

Input Image at 5
Absolute Resolution "Ohw

Intermediate Image at
Relative Resolution:

l\(100%, 100%)
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Exampl e of Resi zing |

Anot her way of res

Output Image
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