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o Today:
o Course Presentation;
e The history of Image Processing;
e Applications;
e Fundamentals of the Human Visual System.
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Professora Adjunta
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@ More information: www.ene.unb.br/mylene
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Course Presentation

@ All course material, including class notes, lists of exercises, references,
etc. will be posted at

e www.ene.unb.br/mylene/PI.html.
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Course Presentation

@ All course material, including class notes, lists of exercises, references,
etc. will be posted at

e www.ene.unb.br/mylene/PI.html.
@ Classes:

o Tuesdays, 14:00-15:50
e Thursdays, 14:00-15:50
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Overview

@ Introductions to Image Processing and Fundamentals of the Human
Visual System;

Transforms and operators (e.g. filters);

Image Processing at pixel and frequency domain;
Image Enhancement

Image Restoration

Colors

Morphology and Image Segmentations;

Etc.
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Methodology

Theoretical classes;
2 (two) exams;
Bi-weekly List of Exercises;

A final project (C, C++, Java, or Matlab) — 1 to 2 persons;

e For a suggestion on possible project topics: see course homepage;
e The topic of the project must be chosen before the 1st exam;
e The project includes: presentation, code, and report.

Final Grade:
The final grade (NF) is calculated in the following way:

NF=P;-0,25+P>-0,25+ Le-0,24+Pj-0,3

where P; = grade of exam 1, P, = grade of exam 2, Le = average of
grades of the lists of exercises, and Pj = final project grade.
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Timeline

Calendario:

e Exam 1: 20/04 - 13h-16h;

e Exam 2: 20/06 - 13h-16h;

@ Oral Presentation of Projects: 23 and 27/06, 13-15:50h;
e Final deadline for report and code: 29/06;
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Final Grades

The final grade is calculated using the following table:

Nota Final Mencao Final
9,0 < NF <£10,0 SS (A)
7,0 < NF <9,0 MS (B)
50<NF <7,0 MM (C)
3,0< NF <5,0 MI (D)
0 < NF <3,0 Il
Over 25% of absence (or NF = 0,0) SR (F)
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First Digital Images

@ What is an image?
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First Digital Images

@ What is an image?
e A visual representation of a function f(x,y) (f is related to intensity
(or color) at posisiton (x, y));
e Images are represented in a rectangular format;
e Continuous time and space ...

Figura: Albrecht Drer
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Digital Images

FIGURE 1.2 A
digital picture
made in 1922
from a tape
punched after the
signals had
crossed the
Atlantic twice.
(McFarlane.)

FIGURE 1.1 A
digital picture
produced in 1921
from a coded tape
| | by a telegraph

4 | printer with
special type faces.
{McFarlane.™)

FIGURE 1.3

transmitted in
1929 from
London o New
York by 15-tone
equipment,
(McFarlane.)
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Jet Propulsion Lab (Pasadena, CA EUA)

Myléne Farias (ENE-UnB)

FIGURE 1.4 The
first picture of the
moon by a US.
spacecraft. Ranger
7 took this image
on July 31, 1964 at
9:09 aM. EDT,
about 17 minutes
before impacting
the lunar surface.
(Courtesy of
NASA.)
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The SEAC Scanner
with control console in background

Figura: R.B. Thomas is operating the SEAC Scanner, the control console is in the
background.
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Figura: 1957, R.A.Kirsch produziu a primeira foto digital (his son).
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Figura: The first images from space were taken on the sub-orbital V-2 rocket
flight launched by the U.S. on October 24, 1946.
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Figura: October 2013, NASAs Juno spacecraft.
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How do we process an image (digital)?

Enhance or restore images:

o Remove old films scratches;
e Improve the visibility of objects in medical images;

Extract semantics (information) about the image (description)

o Read the zipcode in a letter;
e Measure the water polution using aerial images;

Produce beautiful (?) images;
o Etc...
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Image Enhancement and Restoration
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Image Enhancement and Restoration
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Geology and Geograph

Myléne Farias (ENE-UnB) 8 de Margo de 2017



Autonomous Vehicles
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Face Detection
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Security
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Computational Photography

PhotoStitcher Stitches Them
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Data Hiding and Watermarking

s original

marcada mensagem
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HDR

Izmir Harbor (HDR) - Before and After

farbspiel-photo.com

2ev -lev

Source images straight out of the camera (Camera: Nikon D7000; Lens: Nikon 10-24mmy; £/11; 1/400s - 1/15s)

Tone-mapped HDR Final image after post-processing
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HDR

Rosanou Abbey (HDR) - Before and After

farbspiel-photo.com

-2ev

Tone-mapped HDR Final image after post-processing
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Chapter 2

Fundamentals of the Human Visual System (HVS)
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Perception

Energy of one photon (electron volts)
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The human eye
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Photo-receptors

\
" Optic nerve

Ciliary body

Cones e bastonetes (rods)

- Cones: (S, M, L) — 5 milhdes
- hiveis “hormais” de luz,
- permitem a percepgao de luz
- localizados no centro da retina (detalhes
da imagem)
- Bastonetes — 100 milh8es
- distribuidos na retina
- niveis baixos de luz
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Distribution of Photo-Receptors
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Distribution of Photo-Receptors

01 02 03 04 05
Eccentricity (mm)

Cone mosaic

3.4 THE SPATIAL MOSAIC OF THE HUMAN
COMES. Crass sections of the human retina at the
level of the inner segments showing (A) cones in

the fovea, and (B) cones in the periphery. Note the
size difference (scale bar = 10 jim), and that, as the
separation between canes grows, the rod receptors fill
in the spaces. (C) Cone density plotted as a function
of distance from the center of the fovea for seven
human retinas; cone density decreases with distance
from the lovea, Source: Curcio et al,, 1990,

TR0

8 de Marco de 2017

38



Distribution of Photo-Receptors

@ DervalResearch — www.derval-research.com

@ less than 20 bars = 2 types of cones (25% of the population)
e from 20 to 32 bars = 3 types of cones (50% of the population)
e from 33 to 39 bars = 4 types of cones (25% of the population)
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Distribution of Photo-Receptors

© DervalResearch — www.derval-research.com

@ less than 20 bars = 2 types of cones (25% of the population)
@ from 20 to 32 bars = 3 types of cones (50% of the population)
e from 33 to 39 bars = 4 types of cones (25% of the population)

Relative excitation of
cone types per light color
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Normal trichromat

Excitation of cone type
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intermediate opsin

Excitation of cone type
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Distribution of Photo-Receptors
& b
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Figura: Color Blindness red-gree and normal vision.
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Lateral genioddate body
DUPEIOT dLic

Medial geniculate body

Nucleus of oculs nerve
Nuclews of trochlear nerve

Nucleus of abelusent neree

Cortez of cecipital lobes
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FIGURE 2.3
Graphical
representation of
the eye looking at
a palm tree. Point
Cis the optical
center of the lens.

| 100 m 17 mm—»|

Glare limil— | —-——-——-

FIGURE 2.4
Rangc of
subjeclive
brightness
sensations
showing a
particular
adaptation level.

Subjective brightness

Scotopic
Lol

Scotopic __| 4 T Photopic
threshold [ v vl
-6 —4 -2 0 4

Tog of intensity (ml.)

arias (ENE-UnB) Pl 8 de Margo de 2017 43 / 52




erception

FIGURE 2.5 Basic

experimental
setup used to
characterize
brightness
discrimination.
L I
0.5+ —
FIGURE 2.6
Typical Weber U .
ratio as a function =
. . <4 05 —
of intensity. »
10 -
Discriminacao & pobre (razao de weber & -15 —
Alta) para niveis baixos de iluminacéo. ‘ ‘ ‘ ‘ | ‘

Myléne Farias (ENE-UnB) 8 de Margo de 2017 44



Intensity

a
b
c

FIGURE 2.7

‘ | | Illustration of the
Mach band effect.

Perceived

intensity is not a

simple function of

actual intensity.

Actual intensity

Perceived intensity
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abc

FIGURE 2.8 Examples of simultaneous contrast. All the inner squares have the same in-
tensity, but they appear progressively darker as the background becomes lighter.
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[llusions

ab

cd

FIGURE 2.9 Some
well-known
optical illusions.
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[llusions

The dress is white-gold or blue-black?
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[llusions
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[llusions

Edward Adelson’s checkerboard: The squares marked A and B are the

same shade of gray.
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[llusions

Edward H. Adelson
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[llusions

Why do some people see TheDress as blue and black, and some as gold
and white?
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[llusions

white with a blue light or blue with a white light?
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