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R. C. Gonzalez et al., Digital image processing, Prenntica Hall
Kenneth R. Castleman, Digital image processing, Prentice Hall

David A. Forsyth and Jean Ponce, Computer Vision: A Modern
Approach”, Prentice Hall, 2003. avarlable online.

Emanuele Trucco, Alessandro Verri, Introductory Techniques for 3-D
Computer Vision", Prentice Hall, 1998.

R. O. Duda et al., Pattern Classification, Wiley Interscience

W.H. Press et al.,, Numerical Recipes in C, The Art of Scientific
Computing (2nd), Cambridge, 1999. avai/iable online.

A. Blake, M. Isard, Active contours, Springer, London, 1998.
M.F.Barnsley. Fractals Everywhere. Academic Press,San Diego, 1988.
Applied multivariate analysis [electronic resource] / Neil H. Timm.
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Important Academic References -

i Reference Journals

International Journal of Computer Vision (1JCV)

IEEE Trans. Pattern Analysis and Machine
Intelligence (PAMI)

IEEE Trans. Image Processing (IEEE IP)
Computer Vision and Image Understanding (CVIU)
Pattern Recognition (PR)

Image and Vision Computing (I1VC)

Machine Vision and Applications (MVA)



Important Academic References —
Conferences

= |EEE International Conference on Computer Vision (ICCV)

= |EEE International Conference on Computer Vision and Pattern
Recognition (CVPR)

= International Conference on Machine Learning (ICML)

= European Conference on computer vision (ECCV)

= British Machine Vision Conference (BMVC)

= International Conference on Pattern Recognition (ICPR)
= International Conference on Image Processing (ICIP)

= International Conference on Data Mining (ICDM)
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i Course webpage

= Home

= Schedule

= Assignments
= Additional

= Bulletin



i Course webpage - Home

= Course Summary
= Announcements
= References

= Grading Policy
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i Course webpage - Schedule

= Date

= Topic (Course note download)
= Readings

= Assignments
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:ﬁourse webpage - assignments

= Assignments/Requirement
= Projects/Requirement
= Reference topics
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:ﬁourse webpage - Resources

= Matlab resources
= Conferences

= Journals

= Related courses
s Useful links

13



{ourse webpage - Bulletin

= Students feedback
= Assignments presentation
= Any suggestions ?
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image Processing, What Is 1t?

= A set of algorithms for manipulating digital images
= A preprocessing step necessary for image understanding
= Techniques to transform an image into a meaningful signal

Image —{Processing} <

General Questions:

= What input images are required for a particular algorithm
= What are feasible outputs

= Most Importantly: What does the “processing” box contain?

15



Some Representative Images

Enhanced MRI scan, Human Head CT Image, Human Torso
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Some Representative Images

fingerprint image
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Some Representative Images

Image from video
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i Some Representative Images

License Plate reader

19



Image fun
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Example

i+

Finding People In images
Problem 1: Given an image |

Question: Does | contain an image of a
person?

23



“Yes” Instances
|

Ew W'y

g -
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"No” Instances
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High Level Vision

26



Example 2
Explosion/fire Detection
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i Image Formats

s TIFF

= JPEG

= PGM, PPM

s GIF

= BMP

s PNG

= Video formats...
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Computer Graphics

Output

Model

/& \

Synthetic
Camera

(slides courtesy of Michael Cohen)
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‘L Computer Vision

Output
4 )
\_ W,

Model

q

Real Scene

Real Cameras

(slides courtesy of Michael Cohen)
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Model Real Scene

Synthetic
Camera

Real Cameras

(slides courtesy of Michael Cohen)
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lumination
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scene

What i1s Computer Vision?

Sensor

computer

Vision System

.

Fruits
The red one is an apple
The pear is rotten
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;esearch Areas In Computer Vision

Appearance modeling

Representation
and algorithms

45



Low-level Processing

+

= Low-level Processing: Extract low-level queues
= Corners, edges, regions

= Mid-level Processing: Recover physical entities
= 3D shape, motion, lighting

= High-level Processing: Interpret the scene
= ldentify objects, people, action, style

46



How Is It useful?

= Better images

" =

Image inpainting by M. Bertalmio et al. HDR Imaging by S.K. Nayar et al.
. 1
i
i
II. 1

Instant dehai by Y. Schechner et al.



xample 1: 3D Shape Reconstruction

Debevec, Taylor, and Malik, SIGGRAPH 1996
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Example 2: 3D Modeling

http://www.photogrammetry.ethz.ch/research/cause/3dreconstruction3.html
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Face Modeling

50



Ll Example 3: Segmentation
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i Face detection/Recognition

T e - TR :

http://vasc.ri.cmu.edu/cgi-bin/demos/findface.cgi  **



http://vasc.ri.cmu.edu/cgi-bin/demos/findface.cgi

i Example 5: Tracking

54




Example 6: Human Vision

95



Example 7: Motion and optical flow
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‘L What is Computer Vision?

= Image Understanding (Al, behavior)
= A sensor modality for robotics
= Computer emulation of human vision
= Inverse of Computer Graphics

Computer World
vision model
v —
model graphics

58



Intersection of Vision and

* Graphics

shape estimation
motion estimation
recognition

2D modeling

Computer Graphics Computer Vision

59



i Applications

= Geometric reconstruction: modeling,
forensics, special effects (ILM,
RealVis,2D3)

= Image and video editing (Avid, Adobe)

= Webcasting and Indexing Digital Video
(Virage)
= Scientific / medical applications (GE)

60



i Applications

= Tracking and surveillance (Sarnoff)
= Fingerprint recognition (Digital Persona)

= Biometrics / iris scans (Iridian
Technologies)

= Vehicle safety (MobilEye)
= Drowning people (VisionlQ Inc)
= Optical motion capture (Vicon)

61



i Computer Vision (Break)

= Image Analysis
= Single frame
= Image Understanding
= Video Analysis
= Multiple frames, temporal information
= Video Understanding
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i Generating an Image

s 3D Scene

= Surface reflectance
= Surface structure (shape)

= Light source
s Camera

63



i Discrete Domain Image

= Set of integer values in two dimensions
s 0-255

= Gray level image (1 matrix
= O: Black 255: White

= Color image (3 matrices)
= Red, Green, Blue

s Resolution
= Number of rows, number of columns

64



i Video

= Sequence of image
= Frames per second
« Gray level video
= Color video
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i Digitization
= Analog camera

= Analog to Digital converter
= Frame grabber

= Digital camera
= Already digitized
= MPEG or JPEG

66



i Computer Vision

= Shape From “X”
= Shading (single image)
« Texture (single image)
= Stereo (two images)
= Motion (multiple images)

67



S

many different approaches/cue



i Vision

= Vision Is the process of discovering
what Is present in the world and where
It Is by looking.

Scene Image _ Perception
» Eye Brain >

Image Acquisition Image Interpretation
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i Computer Vision

= Computer Vision Is the study of analysis
of pictures and videos in order to
achieve results similar to those as by
men.

Scene ‘ Image

Perception
— > (Camera ‘ » Computer >

Image Acquisition Image Interpretation

70



‘L Main topics

= Shape (and motion) recovery
“What is the 3D shape of what | see?”

= Segmentation
“What belongs together?”

= Tracking

“Where does something go?”
= Recognition

“What is it that | see?”

71



Main topics

Camera & Light
= _Geometry, Radiometry, Color

Digital images

= Filters, edges, texture, optical flow
Shape (and motion) recovery

= Multi-view geometry

= Stereo, motion, photometric stereo, ...
Segmentation

= Clustering, model fitting, probalistic
Tracking

= Linear dynamics, non-linear dynamics
Recognition

= templates, relations between templates

72



i General

= Binary
= Gray Scale
m Color




i Binary Images

Y

0: Black —

) Row (
1: White

A
O
Y
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150
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Color Image
i Red, Green, Blue Channels




|
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i Image Noise

= Light Variations

= Camera Electronics
= Surface Reflectance
= Lens

78



‘L Image Noise

= I(X,y) : the true pixel values
= N(X,y) : the noise at pixel (x,y)

(%, y)=1(x, y)+n(x,y)

79



‘L Gaussian Noise

n(x,y)=e2

80



i Salt & Pepper Noise

= P is uniformly
distributed random
variable

= | IS threshold

m S...ands. . are
constant

81



i Image Filtering and Enhancing

= Linear Filters and
Convolution

= Image Smoothing
= Edge Detection
= Pyramids

82



Image Filtering and Enhancing

83
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i Sharpening An Image

85



Image Rotation

86
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i Correcting Lens distortion
H

g H

None Barrel Pincushion
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http://www.robots.ox.ac.uk/~vdg/dynamics.html
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Boundary Detection

€y

Finding the Corpus Callosum

(G. Hamarneh, T. Mclnerney, D. Terzopoulos) 95



i Region Segmentation

96
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Textures

2D texture synthesis

103



Textures
3D texture synthesis

104



Textures
i 3D texture synthesis
= Some animations
= (Click on the target object to see the movie)

105







Image Coding
advanced techniques

SPIHT VS. JPEG

106



0.5bpp,
PSNR=37.12

1.0bpp,
PSNR=40.41




Image Watermarking

p-//wapmail.ucd.ie/webmark/serviet/webmark

Original image Watermarked Image Difference

Imperceptible/Undeletable/Undetectable/Robustness/Unambiguous

108


http://wapmail.ucd.ie/webmark/servlet/webmark

Image Watermarking
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Image Watermarking

110



* Image Watermarking

111
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Texture-by-numbers




LColorization

Unfiltered target (B) Filtere target (B’)



Face morphing

i Image Morphing

116



Image Morphing

view morphing

= Morph between pair of images using epipolar geometry
[Seitz & Dyer, SIGGRAPH'96]  (Click on the target object to see the movie)

Mnrpi*gd View

117




Image Morphing

view morphing + face morphing

(Click on the target object to see the movie)

118



http://www.cs.wisc.edu/computer-vision/projects/interp/mfig2.mpg

Image Morphing

More demos

(Click on the target object to see the movie)
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Image Warplng with

image plane in front ~ Plackarea image plane below
where no pixel

maps to
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Image Registration
Image Mosaics




Image Registration
Multiple Image Mosaics
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Image Registration

Panoramic Mosaics

123



Mosaics for Video Coding

Convert masked images into a background
sprite for content-based coding

124



Ll Image blending

= Burt, P. J. and Adelson, E. H., A multiresolution spline with alicatior% to image
mosaics, ACM Transactions on Graphics, 42(4), October 1983, 217-236. 125



http://www-bcs.mit.edu/people/adelson/publications/abstracts/spline83.html
http://www-bcs.mit.edu/people/adelson/publications/abstracts/spline83.html
http://www-bcs.mit.edu/people/adelson/publications/abstracts/spline83.html




Poisson Image Editing

: cloning
sources/destinations




Image Inpainting
Photo repair

128



Image Inpainting Example
scene edit
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Image Inpainting

Original scene recovery

130



!'_ Stereo



* http://www.vision3D.com/stereo.html

132



Example
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i Stereo Pair

134



http://www.ai.mit.edu/courses/6.801/lect/lectO1_darrell.pdf
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Stereo
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i Stereo

http://www.magiceye.com/
137
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Stereo results

* Data from University of Tsukuba

~—

-

Scene Ground truth

(Seitz)
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Results Wlth window

Window-based matching Ground truth

(best window size)
(Seitz)
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Results with better method

State of the art method Ground truth

Boykov et al., Fast Approximate Energy Minimization via Graph Cuts,
International Conference on Computer Vision, September 1999.

(Seitz) 141


http://www.cs.cornell.edu/rdz/Papers/BVZ-iccv99.pdf

http://www.ai.mit.edu/courses/6.801/lect/lect01_darrell.pdf **



Structure
from Motion

Relating images

Y

Structure & Motion
recovery

Dense Matching

3D Model Building

SD surface model




Structure from motion

144



ace detection

| Image Processing Example

145



Face tracking

i Image Processing Example

146



Tracking

2D Face detectiong and tracking

(Click on the target object to see the movie)

147





Tracking

3D Human tracking

148




Applications of projective

.......

Vermeer’'s Music Lesson

Reconstructions by Criminisi et al.
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Ing from a Photogra

150



‘-LBD Modeling from a Photograph
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. Measurements on planes

I'r i \! /

Bl i (s
R - PR A

Approach: unwarp then measure
What kind of warp is this?

152



adding virtual objects into real scenes

i Augemented Reality

(Click on the target object to see the movie)








Augemented Reality

photorealistic augmented scene

Addition of a
virtual lamp
which project
virtual shadow
on the real wall

Virtual lamp can
be switched on

154



photorealistic augmented scene

| Augemented Reality

Which table iIs the real one ?

155



i Thank you

Any questions?

156
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