COMP322: Computer V|S|on & Image
Processing

* What s C‘omputer.Visjon and why?
* . What is Image Processing and why?
* Image -~

" Digital imag e representatlon

Pixels and - latlon
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Image Credit Pixar Animation
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1. 2D Xeray Image 2. Edge & Contour 3.2D2D
Acquisition & Calibration  Extraction (Scgmentation) (‘orrcspondence\

Y,

5. Shape Deformation

Dog Not Dog
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 ots more! )
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Blue Marble. NASA | Apollo |7 57
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Light received
by camera

[Hasselblad 500 EL - NASA
variant — ‘Data Camera’ (HDC)]

Blue Marble. NASA | Apollo |7 58
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Approximate figurative
distribution of light

Light received
by camera

0

— -

Amount
of light

dimension 2

Blue Marble. NASA | Apollo |7 58
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Signal
Defion

A (multi-dimensional) function that contains
information about a phenomenon.
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Signal
Defmion

A (multi-dimensional) function that contains
information about a phenomenon.

* Signals can be

Q0N * Continuous: light
AWANN * Discrete: measurement of a light
L e, * Sampling: reduction of continuous signal
f Sl e to a discrete signal

59



'COMP322: COMPUTER VISION & IMAGE

Signal
Defmiion

A (multi-dimensional) function that contains
information about a phenomenon.

Signals can be

LR =  Continuous: light
A \ * Discrete: measurement of a light
iy e * Sampling: reduction of continuous signal
S Gy Sy e, to a discrete signal
e Any phenomenon
* Heat
* Gravity

59
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Sampling

Sampling in |D takes a function and returns a vector whose elements are values of that
function at the sample points.

f(x)

Sample | ¢ — [2,6,5,2]
—_—

Danny Alexander 60



Sampling "

SumplczD

A

Sampling in 2D takes a
function and returns a matrix.

Danny Alexander 61



COMP322: COMPUTER VISION & IMAGE

2D Image
Defnition

A sampling of a function that contains information
about a 2D* signal.
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* or a 2D projection of a multi-dimensional signal 62
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2D Image
Defmiion

A sampling of a function that contains information
about a 2D* signal.

Image stores intensity or ‘brightness’
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* or a 2D projection of a multi-dimensional signal 62
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2D Image
Defmiion

A sampling of a function that contains information
about a 2D* signal.

Image stores intensity or ‘brightness’

VAN 2D signals are special for us
o i g - * Brightness along x and y dimensions

* or a 2D projection of a multi-dimensional signal 62
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2D Image
Defnition

A sampling of a function that contains information
about a 2D* signal.

Image stores intensity or ‘brightness’

\ 2D signals are special for us

K = -1 * Brightness along x and y dimensions
o ib p Video: xy-coordinates + time
’ B * Time-varying 2D signal

* or a 2D projection of a multi-dimensional signal 62
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L

Example 2D Images

59.5°F

http://radiologykey.com/wp-content/uploads/2016/01/978 1604063325 c014 f004.jps 63



Sampling in Practice
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Sampling in Practice
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Sampling in Practice: Digital Image

_;'J","A"-'A""::\

CMOS / CCD

65



Digital Image as ‘Height Map’

300 -

250 .

Brightness
or intensity

150
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Elements of a Digital Image

Pixel: picture element
‘1m0
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Elements of a Digital Image

Pixel: picture element
‘1m0

19
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Resolution: geometric vs. spatial

Both images are 1000x1000 pixels

72
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Light Integration Over the Frustum

Illumination (energy)

.f;’?/ L\ source

Imaging system

Output Image

(Internal) image plane

Scene element Camera Sensor

70
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Light Integration Over the Frustum

lllumination (energy)

P Imaging system

Output Image

(Internal) image plane

Camera Sensor

Scene element

e

A frustum approximates
the ray space that a pixel
samples

|lames Hays 71



COMP322: COMPUTER VISION & IMAGE

Quantization

Signals from the digital world need to to translated to
digital. The image must be digitized spatially AND in

amplitude.
Two STEPS to Digitizing:
|. Sampling
2. Quantization: digitizing the amplitude value
Underlying analog charge signal 5 ) Quantized values 5
Ao ryoetqH — ODooao oooo
| R E ~
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Sampling
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Quantization Effects — Radiometric Resolution

=

1 bit 2 bits 4 bits 8 bits
2 possible values 4 possible values 16 possible values 256 possible values

We often call this bit depth.
For photography, this is also related to dynamic range.

74



Dimensionality of an Image

An image of size 1000x1000 with 8-bit quantization per pixel
« =256 values » (1000 x 1000)



Dimensionality of an Image

An image of size 1000x1000 with 8-bit quantization per pixel
+ =256 values A (1000 x 1000) % WolframAlpha

All scenes ever depicted 256

Decimal approximation

0.23234126834606475285638791370210766478370544416421428078... x
IDMSEEF



Dimensionality of an Image

An image of size 1000x1000 with 8-bit quantization per pixel

* =256 values ~ (1000 x 1000) %Wolframﬁjw
Input
All scenes ever depicted 250!
Decimal approximation
° In Size I OOOX I OOO Q.Eﬁ;ﬁjﬂlzggﬁﬂ4ﬁﬁ4?5285538?‘5"13?[]'2lD?ﬁM?BE?DEMlMEl‘#ZBD?B... 4



Dimensionality of an Image

An image of size 1000x1000 with 8-bit quantization per pixel

+ =256 values * (1000 x 1000) % WolframAlpha
All scenes ever depicted 2561
* In size |OOOX | OOO 9-215;3:512?5834554?5285538??13?0210?554?83?0544416421428[}?8... %

Computer vision as making sense of high-dimensional data.

* ‘Natural’ images are a subspace

* CV as deriving low-dimensional, explainable models.
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Images in Python (import numpy)

N x M grayscale image “im” (N is number of rows and M is number of columns)

— im[0,0] = top-left pixel value

— im[row, col] = row pixels down, col pixels to right
— im[N-1,M-1] = bottom-right pixel

Row

Column
092 | 093 094 | 097 | 062 | 037 | 0.85 097 | 093 092 | 099
0.95 0.89 0.82 0.89 0.56 0.31 0.75 0.92 0.81 0.95 091
0.89 | 0.72 | 051 0.55 | 051 042 | 057 | 041 049 | 091 0.92
0.96 0.95 0.88 0.94 0.56 046 091 0.87 0.90 097 | 095
0.71 081 0.81 087 | 057 | 0.37 0.80 0.88 0.89 0.79 0.85
049 | 062 | 060 | 058 | 0.50 | 0.60 | 0.58 | 0.50 | 0.61 045 | 0.33
0.86 0.84 0.74 0.58 0.51 0.39 0.73 0.92 091 049 0.74
096 | 067 | 054 | 085 | 048 | 037 | 088 | 090 | 094 | 0.82 | 0.93
0.69 049 0.56 0.66 043 042 0.77 0.73 0.71 0.90 0.99
0.79 | 0.73 090 | 0.67 | 0.33 0.61 0.69 | 0.79 | 0.73 093 0.97
091 094 | 089 | 049 | 041 0.78 | 0.78 | 0.77 | 0.89 | 0.99 | 0.93
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Grayscale Intensity

77
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Red intensity

78



Images in Python (import numpy)

N x M grayscale image “im”
— im[0,0,0] = top-left pixel value, red channel
— im[y,x,1] =y pixels down, x pixels to right, green channel
— im[N-1,M-1, 2] = bottom-right pixel, blue channel

Column >
ROW 092 | 093 [ 094 | 097 | 062 ]| 037 | 0.85 [ 097 | 093 | 092 | 0.99 | R
095 | 089 | 082 | 089 | 056 | 031 | 075 | 092 | 0.81 | 095 [ 091 |
089 | 072 | 051 | 0.55 | 051 | 042 | 057 | 041 | 049 | 091 | 092 ™ oo="T 050 G
0.96 | 095 | 0.88 | 0.94 | 0.56 | 046 | 091 | 0.87 | 090 | 0.97 | 095 =",
071 | 081 | 081 | 087 | 057 | 037 | 080 | 088 | 089 | 0.79 | 0.85 ' -
091 | 092 B
049 | 062 | 060 | 0.58 | 0.50 | 0.60 | 0.58 | 0.50 | 061 | 045 | 033 = "o e 092 | 0.99
086 | 084 | 074 | 058 | 051 | 039 | 073 | 092 | 091 | 0.49 | 0.74 0'79 0'85 095 | 091
096 | 067 | 054 | 085 | 048 | 037 | 088 | 090 | 094 | 0.82 | 093 0'45 0'33 091 | 0.92
069 | 049 | 056 | 066 | 043 | 042 | 077 | 073 | 0.71 | 090 | 0.99 0'49 0’7 p 0.97 | 0.95
079 | 073 | 090 | 067 | 033 | 061 | 069 | 079 | 073 | 093 | 0.97 0'82 0'93 079 | 085
\4 091 | 094 | 089 | 049 | 041 | 078 | 0.78 | 0.77 | 0.89 ' —— 045 | 033
e o e B ALK I Ak A A Ak A A 090 | 099 049 | 074
079 | 073 | 090 | 067 | 033 | 061 | 069 ] 079 | 073 | 093 | 097 o'sz 0'93
091 | 094 | 089 [ 049 | 041 | 078 | 078 | 0.77 | 089 | 099 | 093 [ '
oo T o oo eeo o oo T oo T o 0.90 | 0.99
l 079 [ 073 ] 090 | 067 ] 033 [ 061 | 069 | 079 ] 073 | 093 | 097
l 091 [ 094 | 089 ] 049 | 041 [ 078 | 078 [ 077 [ 089 | 099 | 093




Images in Python (import numpy, scikit)

Take care of types!
-uint8 (values O to 255)

- float32 (values 0 to 255) — io.imread(“file.jpg”).astype(np.float32)

- float32 (values 0 to 1)

Row

—io.imread(“file.jpg”)

—img_as_float32(io.imread(“file.jpg”))

Column
092 | 093 094 | 097 | 062 | 037 | 0.85 097 | 093 092 | 099
0.95 0.89 0.82 0.89 0.56 0.31 0.75 0.92 0.81 0.95 091
0.89 | 0.72 | 051 0.55 | 051 042 | 057 | 041 049 | 091 0.92
0.96 0.95 0.88 0.94 0.56 046 091 0.87 0.90 097 | 095
0.71 081 0.81 087 | 057 | 0.37 0.80 0.88 0.89 0.79 0.85
049 | 062 | 060 | 058 | 0.50 | 0.60 | 0.58 | 0.50 | 0.61 045 | 0.33
0.86 0.84 0.74 0.58 0.51 0.39 0.73 0.92 091 049 0.74
096 | 067 | 054 | 085 | 048 | 037 | 088 | 090 | 094 | 0.82 | 0.93
0.69 049 0.56 0.66 043 042 0.77 0.73 0.71 0.90 0.99
0.79 | 0.73 090 | 0.67 | 0.33 0.61 0.69 | 0.79 | 0.73 093 0.97
091 094 | 089 | 049 | 041 0.78 | 0.78 | 0.77 | 0.89 | 0.99 | 0.93




Think-Pair-Share

>>> from numpy import random as r
>>> I = r.rand(256,256)

- What is this? VWhat does it look like?
- Which values does it have?

- How many are there!
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>>> from matplotlib import pyplot as p
>>> I = r.rand(256,256)

>>> p.imshow(I, cmap=°gray’) o
>>> p.show() %%%ﬁ%ﬂﬁ%§§§%@
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Next Episode

* Matrix Operations

* Image filtering
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