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Computer Vision 1. human visual system

1. human visual system

A https://en.wikipedia.org/wiki/Outline_of computer_vision

AtX: https://en.wikipedia.org/wiki/Visual_system
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https://en.wikipedia.org/wiki/Visual_system
https://en.wikipedia.org/wiki/Outline_of_computer_vision

1. human visual system

Computer Vision

an_eye_en.svg

Photoreceptor cell: 2 M| X
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https://en.wikipedia.org/wiki/Photoreceptor_cell#/media/File:1414_Rods_and_Cones.jpg
https://en.wikipedia.org/wiki/Photoreceptor_cell#/media/File:Photoreceptor_cell.jpg
https://en.wikipedia.org/wiki/Visual_system#/media/File:Schematic_diagram_of_the_human_eye_en.svg
https://en.wikipedia.org/wiki/Visual_system#/media/File:Schematic_diagram_of_the_human_eye_en.svg

Computer Vision 1. human visual system

Action potential

|:>

J2IZ=X: https://commons.wikimedia.org/wiki/File:Action Potential.gif

roughly 1.2 million axons of ganglion cells transmit information from the retina to the

brain resulting in sensitive to color and indifferent to motion

Cell body

Axon hino;kz\
=l

Golgi apparatus
Endoplasmic
reticulum

Dendrite

/ .i \ Dendritic branches
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https://commons.wikimedia.org/wiki/File:Action_Potential.gif

Computer Vision 1. human visual system

System overview

Left Field Right Field

Optic radiations

Meyer's Ioop/ (&

Optic chiasma

L Geniculate
Mucleus

R Geniculate

Visual Nucleus

Cortex

m V1 performs edge-detection, focusing on even small spatial and color changes

m V2 comparing left and right pulses (2D images, size, color, shape), 40~100ms
m V3 helps process ‘global motion’ (direction and speed) of objects

m V4 recognizes simple shapes

m V5 integrates local object motion into global motion, eye movement

m V6 analyzes motion of objects relative to the background
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https://en.wikipedia.org/wiki/Visual_system#/media/File:ERP_-_optic_cabling.jpg

Computer Vision 1. human visual system

Visual cortex

https://en.wikipedia.org/wiki/Visual_cortex#Primary_visual_cortex_(V1)
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https://en.wikipedia.org/wiki/Visual_cortex#/media/File:Neural_pathway_diagram.svg
https://en.wikipedia.org/wiki/Visual_cortex#Primary_visual_cortex_(V1

Computer Vision 1. human visual system
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Computer Vision 1. human visual system

Functional areas of cortex
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https://en.wikipedia.org/wiki/Cerebral_cortex#/media/File:Constudproc.png

Computer Vision 2. Image enhancement:
st M

2. Image enhancement: g4 7 M

® Image denoising(Noise reduction)
® Image histogram

® Inpainting

® Histogram equalization

® Tone mapping

® Retinex

® Gamma correction

® Anisotropic diffusion (Perona—-Malik equation)

Image denoising(Noise reduction)

Befores After

imaging/mri-denoising
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https://sites.google.com/site/pierrickcoupe/softwares/denoising-for-medical-imaging/mri-denoising
https://sites.google.com/site/pierrickcoupe/softwares/denoising-for-medical-imaging/mri-denoising

Computer Vision 2. Image enhancement:
st M

Gaussian noise

EtX: https://en.wikipedia.org/wiki/Gaussian_noise

Linear smoothing Filters / Gaussian smoothing / Gaussian function

0.7 =
—— t=1.0
o6 —— t=2.0
| —— t=4.0
' o ;;;\:"
m — 0.4 1\
i A
S I o : R
= = > 0.3 f A
2 o) ()
= =] =
(@) n n 0.2
0.1 ’/ \\\\
0.0 \~
e s - 0 2 4 6
X https://en.wikipedia.org/wiki/Gaussian_blur
£X: https://en.wikipedia.org/wiki/Gaussian_function
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https://en.wikipedia.org/wiki/Gaussian_function
https://en.wikipedia.org/wiki/Gaussian_blur
https://en.wikipedia.org/wiki/Gaussian_noise

Computer Vision 2. Image enhancement:
st M

Nonlinear Filters / median Filter

1,3,3: 6,7, 8,8 /

Median = 6 mode

1,2,3,4,5,6,8,9 W

Median = (4 +5) +2 meélian
= 4.5

/

r

mean

_anit i

original image

1px median filter

3px median filter 10px median filter

At X: https://en.wikipedia.org/wiki/Median_Filter

Wavelet transform / Statistical methods / Block-matching algorithms / Random field /

Deep learning
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https://en.wikipedia.org/wiki/Median_filter

Computer Vision 2. Image enhancement:
st M

Image histogram

i i -
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J2IEKH: https://www.fastrawviewer.com/blog/in-camera-histogram-doesn%27t-

represent-exposure
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https://www.fastrawviewer.com/blog/in-camera-histogram-doesn't-represent-exposure
https://www.fastrawviewer.com/blog/in-camera-histogram-doesn't-represent-exposure

Computer Vision 2. Image enhancement:
st M

Histogram equalization

Low contrast image Contrast stretching

Histogram equalization Adaptive equalization
i ] . 7
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Pixel intensity Pixel intensity Pixel intensity Pixel intensity
=
JZEKN

https://scikit-image.org/docs/dev/auto_examples/color_exposure/plot_equalize.html

Inpainting

Y

JZZ=X: https://github.com/Mugichoko445/Fast-Digital-lmage-Inpaintin
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https://github.com/Mugichoko445/Fast-Digital-Image-Inpainting
https://scikit-image.org/docs/dev/auto_examples/color_exposure/plot_equalize.html

Computer Vision 2. Image enhancement:
st M

Image Inpainting with GAN

Real world
Kmages Real
SO @ -
* iscriminator » I "
W
o ® e
= /
2 Fake
E
> Generator [—= Sample
S
|7 a — Backprop error to
3 update discriminator
weights

J2I=X: https://worthpreading.tistory.com/64

Tone mapping (High-Dynamic-Range imaging)
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https://en.wikipedia.org/wiki/Tone_mapping
https://worthpreading.tistory.com/64

Computer Vision 2. Image enhancement:

ghe I

Retinex
U F MO WA M E |7, contrast &4, sharpness SZI.

J2IEX: https://kipl.tistory.com/65

Gamma correction

Geen gamma correctie

Gamma correctie

Resultaat
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https://commons.wikimedia.org/wiki/File:Gamma_correction_brabbit.jpg
https://kipl.tistory.com/65

Computer Vision 2. Image enhancement:
st M

Anisotropic diffusion

Diffused .

magnitude :
rgns ‘mm_——'
- - - - »

(A) (B)

JZIEX: https://www.researchgate.net/figure/Segmented-output-After-Anisotropic-

Diffusion-Filtering-small-arteries-are-more-prominent_fig3 271483004
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https://www.researchgate.net/figure/Segmented-output-After-Anisotropic-Diffusion-Filtering-small-arteries-are-more-prominent_fig3_271483004
https://www.researchgate.net/figure/Segmented-output-After-Anisotropic-Diffusion-Filtering-small-arteries-are-more-prominent_fig3_271483004
https://dsp.stackexchange.com/questions/14606/anisotropic-diffusion

Computer Vision 3. Transformations:
3 3l

o) e

3. Transformations: B3l Bz}

® Affine transform
® Homography (computer vision)
® Hough transform
® Radon transform

® Walsh—-Hadamard transform

Affine transform

P

P -

X

Affine space: https://en.wikipedia.org/wiki/Affine_space
translation, scaling, homothety, similarity transformation, reflection, rotation, shear

mapping, compositions
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https://en.wikipedia.org/wiki/Affine_space

Computer Vision 3. Transformations:

d, Hat
2D affine transformation matrices on a unit square
Mo change Translate Scale about origin
[IDD] [1{)2{} [WD{]]
oro o1y oHo
0.1) — JoH)
= —
Homography 0.0 I: (1.0 (%, Y]_ | - I I: (W. 0)
(computer .I . .I .
vision) Rotate about origin Shear in x direction Shear in y direction
[oc-sEl sin 8 D] {Itanr.‘t:ﬂ] [ 1 D{)}
—sin® cos@ 0 o 1o eny 1.0
4(5n8, cos 8) - o “EF
Hough 4 0 (1. Bn )
0 v oY 1 x
transform {cos 8. -sin 6)
Reflect about origin~ Reflect about X-axis  Reflect about y-axis
[—IDD] [IDD} [—IDD]
0-10 0-10 010
Radon transform _ . 0. 1)
(1. 0) } .0 =
:I: 1 x 0 |:1 ¥ 1,00 0
(0. 1) (0. -1)4—
Walsh-Hadamard transform
ZX: https://en.wikipedia.org/wiki/Affine_transformation
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https://en.wikipedia.org/wiki/Affine_transformation

Computer Vision 3. Transformations:
3 w3l

o) —

Homography (computer vision)

image rectification, image registration, or computation of camera motion—rotation and

translation—between two images.

fHauck Fig.7a.
| X

N,

& x: https://en.wikipedia.org/wiki/Homography_(computer_vision)

01 and O2 both pointed at X in epipolar geometry

X ™
x xl-.. o
2 o
-
.I ' X
L
3
© ) -
{:)L‘-J (’el.
Left view Right wiew
JZEN:
https://en.wikipedia.org/wiki/Epipolar_geometry
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https://en.wikipedia.org/wiki/Epipolar_geometry
https://en.wikipedia.org/wiki/Homography_(computer_vision

Computer Vision 3. Transformations:
3 w3l

oy (=

Hough transform

feature extraction, identification of lines in the image, identifying positions of arbitrary

shapes

r=xcos 0 +ysin 6

r
g
X
.
C
EX: https://en.wikipedia.org/wiki/Hough_transform
//;J
(=18
- 15° =45
S] r (¢] r ] r
15 189.0 15 318.56 15 419.0
45 355.7 45  407.3 45 438.4
407, 3 60 409.8 60 402.9
75 429.4 75 385.3 75 340.1
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https://en.wikipedia.org/wiki/Hough_transform

Computer Vision 3. Transformations:

Y, WHs
Radon transform
Maps f on the (x, y)-domain to Rf on the (a, s)-domain
f(z,y)
|
Aa’
Z£X: https://en.wikipedia.org/wiki/Radon_transform
Radon transform is widely applicable to tomography
l: S1 |: S
J21ZX: https://en.wikipedia.org/wiki/Tomograph
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https://en.wikipedia.org/wiki/Tomography
https://en.wikipedia.org/wiki/Radon_transform

Computer Vision 3. Transformations:

Y, WHs
Walsh-Hadamard transform
Many quantum algorithms use the Hadamard transform as an initial step.
The Hadamard transform is also used in data encryption, video compression,
o T o To TN 0]
Z X (Walsh matrix): https://en.wikipedia.org/wiki/Hadamard_transform
Fast Walsh—-Hadamard transform
1 s 1+ = 1 —_— 1+2 = 3 ;}q F+] = 4
0 o+1= 1 1+0= 1 =  -1+3= 2
1 1+1= 2 -2+1==1 ;}{ -1+1= ()
0 0t0= J — -0+1= 1 > -1+-1)==2
0 0+i= 1 ——= 0= 1 = 1:5-1)= ()
1 "1‘1}:—1 -1rﬂ:—1 2;; —-{-1p1= 2
1 -1+1 = D =0+1 = ‘1 ;}c 1+(-1) = 0
00— 040= ) —— -0+{-1)==1 > —(-1p1= 2
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https://en.wikipedia.org/wiki/Hadamard_transform

Computer Vision

4. Filtering: Zz{u7],

M8

4. Filtering: Z2{L{7|, M=

Image compression
Filter bank

Gabor filter

JPEG 2000

Adaptive filtering

Image compression

XtX: https://en.wikipedia.org/wiki/lmage_compression

Methods for lossy compression: Transform coding

Discrete Cosine Transform (DCT) is JPEG, HEIF

Methods for lossless compression:

PCX, BMP, TGA, TIFF, arithmetic coding and Huffman coding

HEHI 3| (www.kernel.bz)

24 /44

MM Z=(rgbi3307@nate.com)


https://en.wikipedia.org/wiki/Image_compression

Computer Vision 4. Filtering: Zz{u7],
M

Filter bank

filter bank is an array of band-pass Filters that separates the input signal into multiple

components

XX https://en.wikipedia.org/wiki/Filter bank

0dB

\ -3dB

fy fu

Z£X: https://en.wikipedia.org/wiki/Band-pass_Filter

Gabor filter

Gabor filter is a linear filter used for texture analysis(2Z £4)

Gabor filters is thought by some to be similar to perception in the human visual system.
£ https://en.wikipedia.org/wiki/Gabor_Filter

QUME AESI= 7|52 Stz BEZ, AFHQ| A[ZfAMIA 7t 8E8dt= A1t HIR3ITh= 0|/ 2 22|

AFEE| 10 QIC} Gabor Fiter = ZHHHS| Holi A AtQl &t ~2 B=2{|0|M El Gaussian Filter 2t12
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https://en.wikipedia.org/wiki/Gabor_filter
https://en.wikipedia.org/wiki/Band-pass_filter
https://en.wikipedia.org/wiki/Filter_bank

Computer Vision

4. Filtering: Z&i{y7],

M8

AZEst & QICtH mf2to|E{E =X 0|l 2} Edge 2 2 7|1t 2 S HEE 4= QI QI 2 Bjo-inspired

HAKEZ| 2D2|ZM ERNH F=5 An2|FO2 HAIMol Hets st QUCt

ZX: https://thinkpiece.tistory.com/304

the fingerprint

Move this Gabor filter with
different orientations along

enhancement

T
.

i
N

A
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Y :_',' - A
/ /?// .’/‘ N
" Y\
¥
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https://www.slideshare.net/ankitnayan3/gabor-filtering-for-fingerprint-image-enhancement
https://www.slideshare.net/ankitnayan3/gabor-filtering-for-fingerprint-image-enhancement
https://thinkpiece.tistory.com/304
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Computer Vision 5. Color vision:

ik
LE

5. Color vision: A A+ Al

® Visual perception (A|ZtE QIAl)
® Human visual system model
® Color matching function

® Colorspace

® Color appearance model

® Color management system

® Color mapping

® Color model

® Color profile
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Computer Vision 5. Color vision:

ik
LE

Color matching function

Xt10: https://en.wikipedia.org/wiki/CIE_ 1931 color space#Color matching functions

10} i ' ' ' ' ]
S M /K”“\L

D.&8p f HH B
[ \

0.6} .'! H\\, 1

0.4b / \ _

D2 E

400 450 500 550 w00 650 700

Cone cells, or cones, are photoreceptor cells in the retinas of vertebrate eyes (e.g. the

—1-15!1} 451]' SllEHII' EIJIII' 650 700

550
Wavelength (nm)

human eye)

Normalized cone response (linear energy)

Z X (Cone cell): https://en.wikipedia.org/wiki/Cone_cell
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https://en.wikipedia.org/wiki/Cone_cell
https://en.wikipedia.org/wiki/CIE_1931_color_space#Color_matching_functions

=
)

Computer Vision 5. Color vision:

o
Al
The CIE XYZ standard observer color matching functions
2.0 @
— ¥
1.5 — zZ(D)
1.0
0.5
0.0
400 500 600 700
A/nm
The CIE RGB color matching Functions
04(}: T T T T T T T T T T T T N e e e e e e ]
f —TRA)
U.EG:— — E(}_} _E
£ — b(l} E
0.20F TN 3
2 / :
2 / ‘
s / \1 :
0.10F f x .
2 \ 4
o F l‘\ﬁ
- ,/// N
0.00F -
0.10E., \./ . .
400 500 3 600 700
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Computer Vision 5. Color vision:

ik
LE

Color space

color space is a specific organization of colors

Zt: https://en.wikipedia.org/wiki/Color_space

_.ProPhote RGB
_Adobe RGB
sRGB

2200 Matt Paper

Horseshos Shape of Visible Color

@:
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https://en.wikipedia.org/wiki/Color_space

Computer Vision 5. Color vision: A
A
Red
Rose Orange
Magenta Yellow
Chartreuse
Violet b Green
Blue
Azure Spring
Green
Cyan
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https://en.wikipedia.org/wiki/File:Color_star-en.svg

Computer Vision 6. Feature extraction:

= =
Ed x5

6. Feature extraction: E& X£=

® Active contour

® Blob detection

® Canny edge detector
® Edge detection

® Harris Corner Detector

® Random sample consensus (RANSAC)

Active contour (snakes)

object tracking, shape recognition, segmentation, edge detection and stereo matching.

& 10: https://en.wikipedia.org/wiki/Active_contour_model

HE A3 (www.kernel.bz) HXHZ(rgbi3307@nate.com)
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https://en.wikipedia.org/wiki/Active_contour_model

Computer Vision

6. Feature extraction:

= =
Ed x5

Blob detection

blob detection methods are aimed at detecting regions , brightness or color, compared to

surrounding regions.

Xk 1: https://en.wikipedia.org/wiki/Blob detection

The most common method for blob detection is convolution.

Convolution Cross-correlation Autocorrelation
f f f
g \ g \ g \

f*g g* /] 1\ fxf

.....

ooooo

;;;;;

.....

.....

21Xk https://en.wikipedia.org/wiki/Convolution

.....

HE A2 (www.kernel.bz)
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https://en.wikipedia.org/wiki/Convolution
https://en.wikipedia.org/wiki/Blob_detection

Computer Vision 6. Feature extraction:
Ed F&

Canny edge detector

The Canny edge detector is an edge detection operator that uses a multi-stage algorithm
to detect a wide range of edges in images.

At https://en.wikipedia.org/wiki/Canny edge detector

Apply Gaussian filter to smooth the image in order to remove the noise

Find the intensity gradients of the image

Gaussian Filter: https://en.wikipedia.org/wiki/Gaussian_Filter
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https://en.wikipedia.org/wiki/Gaussian_filter
https://en.wikipedia.org/wiki/Canny_edge_detector

Computer Vision 6. Feature extraction:
Ed Fx&

Edge detection

discontinuities in depth, discontinuities in surface orientation, changes in material

properties and variations in scene illumination.

XX https://en.wikipedia.org/wiki/Edge detection

S| 7| 6| 4| 152| 148|149

Edge detection on an angiographic image. On the left, edge detection is made at a pixel

level. On the right, subpixel edge detection locates the edge inside the pixel precisely

HEHRS| (www.kernel.bz) HXHZ(rgbi3307@nate.com)

35/ 44


https://en.wikipedia.org/wiki/Edge_detection

Computer Vision 6. Feature extraction:
Ed Fx&

Harris Corner Detector

Harris Corner Detector is a corner detection operator that is commonly used in computer
vision algorithms to extract corners and infer features of an image.

XX https://en.wikipedia.org/wiki/Harris_Corner Detector

8-point neighborhood

corner point

£XM: https://en.wikipedia.org/wiki/Harris_affine region_detector

corner
Rat edge isolated point
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Computer Vision 6. Feature extraction:
Ed F&

Random sample consensus (RANSAC)

Random sample consensus (RANSAC) is an iterative method to estimate parameters.

EtX: https://en.wikipedia.org/wiki/Random_sample_consensus
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The RANSAC algorithm is a learning technique to estimate parameters of a model by

random sampling of observed data.
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Computer Vision 7. Commercial computer
vision systems

7. Commercial computer vision systems

® 5DX

® Aphelion (software)

® Microsoft PixelSense

® Poseidon drowning detection system

® Visage SDK

5DX

The 5DX was an automated X-ray inspection robot.

£t https://en.wikipedia.org/wiki/5DX
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Computer Vision 7. Commercial computer
vision systems
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Image of Circuit Board Side A - Optical Image and X-ray Image Using
3D X-ray Inspection (SDX)

Image of Circuit Board Side B - Optical Image and X-ray Image Using
3D X-ray Inspection (SDX)

Compaosite Optical Image and 2D X-ray Image

Z£XM: https://www.keysight.com/main/editorial.jspx?
cc=TW&Ic=cht&ckey=216395&id=216395
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Computer Vision 7. Commercial computer
vision systems

Aphelion (software)

image processing and image analysis applications.

A& https://en.wikipedia.org/wiki/Aphelion_(software)
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Aphelion Dev Graphical User Interface version 4.x: (1) Task Bar, (2) Image Display, (3) Macro
editing window/Function window, (4) Charts (a profile is displayed in this example), (5)

Image Gallery, (6) Measurement grid.

Microsoft PixelSense

Interactive surface computing platform that allows one or more people to use and touch

real-world objects, and share digital content at the same time
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Computer Vision 7. Commercial computer
vision systems
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At https://en.wikipedia.org/wiki/Microsoft_PixelSense

Visage SDK

Visage|SDK allows software programmers to build a wide variety of face and head
tracking and eye tracking applications for various operating systems, mobile and tablet
environments, and embedded systems, using computer vision and machine learning
algorithms.

AFX: https://en.wikipedia.org/wiki/Visage SDK

http://visagetechnologies.com

HE ARG (www.kernel.bz) HHZ(rgbi3307@nate.com)

41/ 44


http://visagetechnologies.com/
https://en.wikipedia.org/wiki/Visage_SDK
https://en.wikipedia.org/wiki/Microsoft_PixelSense

Computer Vision 8. Applications

8. Applications

£ (ZK): https://en.wikipedia.org/wiki/Outline_of_computer_vision

3D reconstruction from multiple images

Augmented reality (AR)
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Computer Vision 8. Applications

Automatic number plate recognition

Gesture recognition
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Computer Vision 8. Applications

Iris recognition

Object detection

§ bottle
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