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Computer Vision

Introduction and Overview

Dr. George Karraz, Ph.D.



This presentation is an overview of some of the
ideas and techniques to be covered during the
course.



Topics

. Image formation

. Point processing and equalization

. Color correction

. The Fourier transform

. Convolution

. Image sampling, warping, and stitching
. Frequency Domain (FD) Filtering

. Spatial filtering

O 00 N O 1 B W DN B

. Noise reduction
10. Mathematical morphology
11. High dynamic range imaging



1. Image Formation
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1. Image Formation




1. Image Formation (Quantization)

discrete color output

continuous colors
mapped to a finite,

discrete set of colors.

continuous color input
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1. Image Formation (Sampling & Quantization)

Real image Sampled guantized

sampled &
quantized
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1. Image Formation (Digital Image)

*A grid of squares,
each of which

contains a single | P ‘»
color Sdbne i e

green intensity
blue intensity

e each square is
called a pixel (for
picture element) ] Ny 98 75

107 104

intensity

* Color images have 3 values per pixel; monochrome images have 1
value per pixel.
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1. Image Formation (Color Images)

e Are constructed from three
intensity maps.

* Each intensity map is projected
through a color filter (e.g., red,
green, or blue, or cyan, magenta, or
yellow) to create a monochrome
image.

* The intensity maps are overlaid to
create a color image.

* Each pixel in a color image is a
three element vector




2. Point Processing

histogram mod - contrast original + contrast histogram EQ



3. Color Processing

Choroid

requires some
knowledge of
how we see
colors

Ciliary body

Fig. 1.1. A drawing of a section through the human eye
with a schematic enlargement of the retina.
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3. Color Processing

cone density near fovea

Human retina

Fig. 1. Human retina as seen through an opthalmoscope.
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3. Color Processing

Receptor Spectral Sensitivity

These are approximatia
responses to the visible:
of the “red”, “green”, an
receptors of a typical hg
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3. Color Processing

The eye has 3 types of photoreceptors:
sensitive to red, green, or blue light.

doueuUIWN|

el

uolljeinies

The brain transforms RGB into separate
brightness and color channels (e.g., LHS).

brain photo receptors
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luminance and chrominance (hue+saturation) are
perceived with different resolutions, as are red,
green and blue.

3. Color Processing




3. Color Processing

Color Balance and Saturation

Uniform changes in
color components
result in change of
tint.

If all G pixel values
are multiplied by a >
1 then the image
takes a green cast.




3. Color Processing

Color Transformations
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4. The Fourier transform

Let I(7;c) be a single-band (intensity) digital image with R
rows and C columns. Then. /(7;¢) has Fourier representation

-1 C-1 +fl'-=‘[%—%
I r,c —HZD 2} u,v e g these complex
exponentials are
where 2D sinusoids.
R-1C-1 —i27 [£+£
Suv =433 Irc)e * °
r=0c=0

are the R x C Fourier coetficients.
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4. The Fourier transform

2 .
- icnsﬁ'—;ﬁsinﬁl+pl+1]

. . . A
2D Sinusoids: 7 =5{"‘“ ) LC

... are plane waves with
grayscale amplitudes,
periods in terms of lengths, ...

“ I $ amplitude 4
—

period A ¢ = phase shift
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4. The Fourier transform

. 75 ‘ specific orientations, I
2D Slnu SOldS. and phase shifts.
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4. The Fourier transform

The Value of a Fourier Coefficient ...

/

.. is a complex
number with a

RL[/

\/

|
7

| 4
N ¢ |
T\ - If you represent
}

that number as a

Re[#/31] | magnitude, 4, and

a phase, 0, ...

/ -

HF/

.these represent the amplitude
and of fset of the sinusoid with
frequency ® and direction 6.
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4. The Fourier transform

The Sinusoid from the Fourier Coeff. at (u,v)

’ Al
t 181} 7
.
,, | / \ A,
a '
E A\

. Y \\‘

A1y

>
t £L[3}]
TV =
'9 Here is the same coefficient plotted as
magnitude, 4, and a phase, ¢, and displayed
/ in the space domain as a sinusoid.
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4. The Fourier transform

The Fourier Transform of an Image
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4. The Fourier transform

Continuous Fourier Transform

The continuous Fourier
transform assumes a
continuous image exists
in a finite region of an
infinite plane.

The BoingBoing Bloggers
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4. The Fourier transform

Discrete Fourier Transform

The discrete Fourier
transform assumes a
digital image exists on a
closed surface, a torus.

R-10-1 DL

Pt E e
Ire)=Y X Suve ‘¢ 7
\-*:.uz 0

R-1C-1 —i v_,_"
Suv=YYIrce

r=0c=0
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5. Convolution

Sums of shifted and
weighted copies of
images or Fourier
transforms.

3_tulips_conv_5

I 5€-16.c+16_ I 5€-16,c-16_
I Sum times 1/5
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5. Convolution

Convolution Property of the Fourier Transtorm

Let functions f(r.c)and g(r.c) have

Fourier Transforms F(u.v) and G(u.v). The Fourier Transform of a

product equals the

Then, convolution of the Fourier
F{frg}=FG. Transforms. Similarly, the
Moreover. Fourier Transform of a
Fif gl=F*G. convolution is the product of
* represents convolutio n the Fourier Transforms

- represents pomtwise multiplication
Then, a spatial convolution can be computed by

frg=8"RG ]
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5. Convolution

Sampling, Aliasing, & Frequency Convolution

samp, (1) =5 % 5u-)5(r-+) samp, (1) =5 3 8(u-3)3(v-7)

] =—00 f==00

aliasing no aliasing (smooth lines)
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5. Convolution

Sampling, Aliasing, & Frequency Convolution

(a) aliased

(b) power spectrum
(c) unaliased

(d) power spectrum




6. Image sampling, warping, and stitching

Resampling

[

nearest neighbor nearest neighbor

(resizing)

. i
bicubic interpolation bicubic interpolation



6. Image sampling, warping, and stitching

¢ &
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v

Rotation

N
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6. Image sampling, warping, and stitching
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7. Frequency Domain (FD) Filtering

Low-pass Filter

Original Image Power Spectrum Gaussian LPF

38



7. Frequency Domain (FD) Filtering

Low-pass Filter

Filtered Image Filtered Power Spectrum Original Image
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7. Frequency Domain (FD) Filtering

High-pass Filter

Filtered Image Filtered Power Spectrum Original Image
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8. Spatial Filtering

blurred original sharpened band-pass filter
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8. Spatial Filtering

’ regional vertical ’

original

zoom rotational
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9. Noise Reduction

blurred image color noise color-only blur
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9. Noise Reduction

blurred image color noise 5x5 Wiener filter
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9. Noise Reduction

e

periodic noise original frequency tuned filter
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9. Noise Reduction

Shot Noise or Salt & Pepper Noise

+ shot noise s&p noise - shot noise
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9. Noise Reduction

Nonlinear Filters: the Median

original s&p noise median filter
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9. Noise Reduction

Nonlinear Filters: Min and Maxmin

+ shot noise min filter maxmin filter
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9. Noise Reduction

Nonlinear Filters: Max and Minmax

- shot noise makx filter min-max
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10. Mathematical morphology

Nonlinear Processing: Binary Morphology

LJ

1
L) i |

\
original dilation erosion opened closed dilation 7

Foreground: white pixels Cross-hatched pixels are indeterminate.
Background: black pixels
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10. Mathematical morphology

Nonlinear Processing: Binary Morphology

*Used after opening to grow back pieces of the original
image that are connected to the opening.

*Permits the removal of small regions that are disjoint
from larger objects without distorting the small
features of the large objects.

original



10. Mathematical morphology

Nonlinear Processing: Grayscale Morphology

i

original erosion dilation opening closing

Foreground: white pixels Cross-hatched pixels are indeterminate.
Background: black pixels
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10. Mathematical morphology

Grayscale Morphology: Opening

opening: erosion then dilation opened & original

erosion & opening erosion & opening & original
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11. High Dynamic Range (HDR) Imaging

under exposed
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11. High Dynamic Range (HDR) Imaging




11. High Dynamic Range (HDR) Imaging

over exposed



11. High Dynamic Range (HDR) Imaging

combined |
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Textbooks

Computer
Vision

A MODERN APPROACH
H PONCE
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