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Tentative Schedule -2007

Introduction: Aims and techniques of image processing — Chap. 1
Mathematical fundamentals, Chap. 2

Human visual perception, monochrome and color image models
Color, cont: Color quantization and halftoning: Chapters 2 and 6
Intensity Transformations and Spatial Filtering: Chapter 3
Morphological Image Procesing (Chapter9)

Convolution and Image filtering (Chapter 4)

Sampling and reconstruction, cont. (Chapter 4)

Wavelets and Multiresolution (Chapter 7)

Image restoration and Reconstruction — Chapter 5

Image compression (Chapter 8)

Image compositing; warping and Morphing
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Tentative Schedule

Introduction: Aims and techniques of image processing

Human visual perception, monochrome and color image models
Color quantization and halftoning

Introduction to Signal Theory, Image transforms

Convolution and Image filtering

Sampling and reconstruction

Review of basic probability, KLT, noise in images

Image enhancement: histogram techniques

Linear and nonlinear filters; rank order and morphological filters
Edge detection

Image compression: practical techniques, JPEG, MPEG

Image compositing

Warping and Morphing




Grading and Projects

e Grading : Midterm, 30 %, Projects, 30 %,
Final exam 40 %.

* Projects: Simple computer projects will be
assigned every other week. (A total of 6
projects).

What is Image Processing?

* Image Processing:

image — Image [—— image
Processing

o Computer Vision:

image — Analysis Model- —— info
based
Inference




Image Processing is
Image in, image out

Sharper, nicer image

image Image SN
Enhancement
=
image  —— Image_ I  Compressed image
Compression
image Image — Segmented image
Segmentation L) o] 7]

Image processing and
Computer Vision

image — ] info

Image processing Computer vision

* Image processing is bottom-up
« Computer Vision is top-down




Image Processing vs CV

- Low-level: Primitive operations (e.g., contrast
enhancement, sharpening);
Image image

- Mid-level: Image segmentation,
classification;
image  attributes (e.g., edges,
objects).

- High-level: Ensemble of recognized objects

(vision: make it understood)

Computer Graphics vs. Vision

Computer Graphics:

info —1 Modelling Rendering —— image

Computer Vision:

image — Analysis Model- —— info
based
Inference

Computer graphics uses image processing
Textures images




Other related fields

« Pattern Recognition
- classify and recognize both
image content and some other statistic
data.

« Artificial Intelligence
- emulate human intelligence

History of Image Processing

» 1920’s - Digitized newspaper picture
transmitted through submarine cable
(London  New York)




History of Image Processing

» 1960’s - Images from space probe

History of Image Processing

» 1970’s - Computerized Tomography (CT)

» 1980's and later
- Computer image processing in industry,
biomedical area, military recognition, satellite
imagery for weather and environment.




History of Image Processing

« 2000s: Augmented Reality, Virtual Reality
« Combination of real and synthetic images

Areas of Application

* Image transmission and storage
» Biomedical applications

» Robotics

* Remote Sensing

« Radar/sonar

» Computer graphics

* Document Analysis

» Law enforcement

* Human computer interaction




Remote Sensing Application

» Build a map from this image

Unmanned Vehicles




Object Tracking

Face Detection
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Gesture Recognition

3D Modelling
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Basic Classes of Problems

Image Representation and Modelling
Image Enhancement

Image Restoration

Image Segmentation and Analysis
Image Reconstruction

Image Compression

Digital Image
Processing System

Image Display Computer Image Storage

Specialized Image

Processing Hardware Image Processing
HardCOpy (digitizer, ALU Software

Arithmetic logic unit)

Image Sensors
scene (optical to electronic)

12



Images: 2D projections of 3D

3D world has color, texture, surfaces, volumes,
light sources, objects, motion, betweenness,
adjacency, connections, etc.

2D image is a projection of a scene from a
specific viewpoint; many 3D features are
captured, some not.

Brightness or color = g(x,y) or f(row, column) for
a certain instant of time

Images indicate familiar people, moving objects
or animals, health of people or machines

How are images formed?
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Two key questions:

1. What determines where some point on the object will
appear in the image?
Determined by camera geometry
2.  What determines how bright the image of some
surface on the object will be?

Depends on: 1. Amount of incident radiance
2. How surfaces are illuminated
3. How they reflect light
4. How the reflected light is collected by lens system
5. How the sensor responds to incoming light
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Photographic camera:
Animal eye: a looonnng time ago. Niepce, 1816.

Pinhole perspective projection: Brunelleschi, X&entury.
Camera obscura: XWICentury.

Pinhole Perspective Equation

=
I
—

NOTE: zis always negative..
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Affine projection models: Weak perspective projection

X'=mx where m =

is the magnification.

y'= my

When the scene relief is small compared its distance from the
Camera, m can be taken constant: weak perspective projectic

Affine projection models: Orthographic projection

When the camera is at a
(roughly constant) distance
from the scene, take=1.

n.
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Planar pinhole Orthographic  Spherical pinhole

perspective projection perspective
Translation
1 00d
010 h
T(d,h,l) =
0O 01 1
0 001
1 00 d x x+d
010 hy y+h
001 1 z z+l
00011 1
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Scaling
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O f 0O
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The 3 Rotation Matrices
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General Camera Geometry
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Camera Calibration

* Find elements of the matrix between world
coordinates and image coordinates:

&y &, 83 8, WX
kyl - a21 a22 a23 a24 WyO

. . . . W
K %
8y Q3 yy W
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Image receives reflections

» Light reaches
surfaces in 3D

* Surfaces reflect

* Sensor element
receives light
energy

* Intensity counts
* Angles count
» Material counts

Image sensors

» Analog: Vidicon camera (TV camera)
vacuum tube
scanning mechanism
analog image

 Digital: CCD (charge coupled device)
digital image
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CCD Camera has discrete elts

e Lens collects
light rays

e CCD elts
replace
chemicals of
film

* Number of elts
less than with
film (so far)

Camera has CCD elements
Human eye has rods and cones
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Line and Array sensors

Simple image model

« 2D image is an array of “pixels”

» Pixel magnitude usually denotes intensity;
but it may denote other things
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Sampling and Quantization

Digital image
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Intensity array

Effect of sampling
(spatial resolution)
« 250 dpi -300 dpi

* 150 dpi -72 dpi
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Effect of
Interpolation

Effect of
guantization
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Effect of
guantization

Digital Image Operations
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Affine Transformations

Affine transformations
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Relationship between pixels

Adjacency
-- 4-adjacency
-- 8-adjacency
-- m-adjacency (mixed-adjacency)

O © o0 000
0—® O O @%
o O %@ 000
4-connected é)?schasl\kr?r;;:’ogrnected 8-connected

q is Ni(p) and N(p) CN4(q) = A

Relationship between pixels

Path: --If pand qis connected, there is a path
between p and Q.

 --m path: the path between p and g based on

m-connected pixels.
‘Lo
(@)

 --closed path: starting p and ending g are
connected
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Connected components

e Connected component
-- set of pixels which are connected
-- The set is also called connected set

Concept

-- Ris aregion if R is a connected set
-- boundary of R is “closed path”

-- edge: gray-level discontinuity at a point
- link edge points  edge segment

Connected components

Distance

-- D(p, q) is defined as the distance between p
and q.

D(p, q) >=0
D(p, 9) = D(a, p)
D(p, 9) <= D(p,2) + D(a,2)

-- Euclidean distance (disk shape)
De(p,q) = sqart[(xp — xq)*(2) + (yp — ya)*(2)]
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Connected components
» Distance
-- D4 distance (city-block distance) (diamond

shape)
D4(p,q) = [(xp — xq)l+ |(yp — ya)l

N
N EF DN
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N

Connected components

+ Distance

-- D8 distance (chessboard distance) (square shape)
D8(p,q) = max(|(xp — xa)|, [(yp —ya)l)

22222
21112
21012
21112
22222
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Connected components

» Distance
-- Dm distance (shortest m-path between two points)

-1

1
b

[N S

Dm=4

Next Week

» Color models
 Human Visual System
* Quantization and Dithering
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