intel)

| omputer Vision

Zamaliev Eduard

eduard.zamaliev@intel.com

Internet of Things Group



Plan

 Introduction to natural and digital vision
« Color spaces

* Image manipulations
° Low level
* Mid level

* High level
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Introduction: Visible light

Radiation type Radio waves Microwaves Infrared Ultraviolet X-rays G?;r;r:a
Wavelength 30 mm 1 mm 10 nm 0.01 nm
(approximate)

Visible light

700 nm 600 nm 500 nm 400 nm
Longer wavelength > Shorter wavelength
Lower energy > Higher energy
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Introduction: Visible light
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Introduction: Human eye

e Cone and rod cells are a base
photoreceptor

* Receptor has responsiveness curve
* Rod cell peak ~490nm

« 3types of cone cells:

e Short: peak ~440 nm

Green Cone

 Medium: peak ~ 540 nm

« Long: peak ~570 nm Blue
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Introduction: Digital vision

Foveon X3 Color filter array sensor
direct image sensor (Bayer filter sensor)

B:100% G:100% R:100%%
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Introduction: CV tasks

- Recelve image

- Process image

- Visualize image
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Color space

« Grayscale

« RGB, RGBA, BGR

LUV, LAB, HSV

YUV, YUV 420, YUV422, YUYV
« CMY, CMYK

* etc.
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Color space: Grayscale
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Color space: XYZ
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Color space: RGB

B

blue [(0,0,1) g

 Additive color model :
white
» 3 channels: red, green and blue HIAgenb 3

,

gray scafe |green

‘ ;
0,1,00¢

red| , black

Rﬁ,o,o) yellow
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Color space: CMY and CMYK

Y A
. yellow (0,0,1) _
« Subtractive color model red
black
« Channels: cyan, magenta, yellow green ;
and black (for CMYK) ,
- Black stands for key color i g’l:ay\scale Magents
» Typographical color space  ‘white (0.1.0)M
cvan | Vi

C '/(1’0,0) blue
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Color space: LAB

« L —lightness (from black to white)
A —from green(-) to red(+)

« B — from blue(-) to yellow(+)
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Color space: HSL and HSV HSL

Saturation

N

)Hue

* Hue changes from 0° to 360° HSV

« Cylindrical-coordinate color model

« Channels: hue, saturation and
lightness (HSL) or value (HSV)

Lightness
— 1

 Red - 0°, yellow — 60°, green —
120°, cyan — 180°, blue — 220°,
magenta — 300° T

Saturation

*’%

)Hue
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Color space: Channel order

Packed storage Planar storage
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Image processing

* Low-level

* QOperations over pixels
* Mid-level

« QOperations over image or several images
* High-level

« QOperations over image content
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L ow level: Resize
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L ow level: Resize

No interpolation Bilinear interpolation Bicubic interpolation
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L ow level: Convolution

input
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| ow level: Convolution — blur

Internet of Things Group



| ow level: Convolution — contrast
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Low level: Convolution — edges
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Low level. Color segmentation
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Mid level: Histogram

o

64 128 192 258

e 1, Pixel(x,y) =i
Hist[i] = Z {O, Pixel(x,y) # i

Count

Intensity
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Mid level: Histogram equalization

Internet of Things Group



Mid level: Histogram equalization
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Mid level: Panorama

« Several iImages

« Stitching by keypoints
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Mid level: Optical flow

 Temporal image seguence

» Tracking pixels changes
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High level
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High level

+ Classification

* Detection

« Segmentation

« Super-resolution
* Image generation

* etc.
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