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Sampling��
2x3=6 (6 pixels) 8 bits/pixel=1 byte/pixel�
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Sampling��
4x6=24 (24 B)�
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Sampling "
8 x 12 = 98B!
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Sampling "
16 x 24 = 384B!
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Sampling "
32 x 48 = 1,536B (1.5KB)!
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Sampling "
64 by 96 = 6,144B (6KB)!
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Sampling "
128 x 192 = 24,576B(24KB)!
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Original Image"
256 x 384 = 98,304B (98KB)!

Angelina Jolie�
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Sampling of Image!
Elizabeth Taylor �
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Original Image (98KB)"
256 levels (8 b; bits = 1 B; byte) for each pixel"
 Total: 256 x 384 = 98,304 pixels!
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Quantization (2 levels, 1 bit)!
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Quantization (4 levels, 2 bits)!
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Quantization (8 levels, 3 bits)!
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Quantization (16 levels, 4 bits)!
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Quantization (32 levels, 5 bits)!
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Quantization (64 levels, 6 bits)!
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Original Image (98KB)"
256 levels (8 b; bits = 1 B; byte) for each pixel"
 Total: 256 x 384 = 98,304 pixels!
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Quantization of Image!
Elizabeth Taylor �
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Human visual information 
processing!

■  Eye balls: Camera!
■  Retina：High intelligent input 

device!
■  High sensitive sensor (rods and cones)!
■  Luminance channel and chromatic channel 

(horizontal cells)!
■  Contrast (ganglion cells)!

■  LGN：M-path (where)，P-path 
(what)!

■  Shape, motion, color, detail!

■  Visual cortex!

Retina
Eye

Optic nerve

Optic Chiasm

Optic tract

Lateral Geniculate
nucleus

Optic radiation
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visual cortex
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Retina of a living human eye (1)"
 (David Williams, in Optics & Photonics News, vol.9, no.1, 1998)!

900 cones/0.021mm2 = 42,800 cones/mm2!
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Density of rods and cones in a retina!

visual angle (deg)! (nasal)!(temporal)!

 rod !

cone !

blind spot!
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Spatial resolution of visual system!

Visual angle = 1 minute �

Visual acuity = 1/θ"
θ(min):�the smallest visual angle discriminatable �



Retina display? �
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Relation between visual acuity and the 
number of pixels in image!

■  Density of cones�120 cones/deg!
■  Observed from distance of 30 cm!

■  1 deg corresponds to 5.23mm!
■  23.5(=120/5.23)  cones per mm!
■  23.5 dot/mm = 600 dpi (dot per inch)!
■  L size (89x127)  17°x24.3°�→�2,040x2,916 = 5.9Mpixels!
■  A4 size (210x297) 40°x56.7°�→�4,812x6,804 = 32.7 Mpixels!
■  iPhone(74x50) 14°x9.5°�→� 1,680x1,140=1.9 Mpixels!

30cm!

120 cones/deg!

iPhone 5: 1,136 x 640 (326ppi)!
The new iPad: 2,048 x 1,536 (264ppi)!
     iPad mini: 1,024 × 768 (163 ppi)!
MacBook Pro 13’: 2,560 x 1,600 (227 ppi) �
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Retina of a living human eye(2) "
 (Roorda and Williams, Nature, 397, 520-522, 1999)!
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Photoreceptors (Cones)!
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Blue and Yellow!
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Yellow 
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Effects of Gaussian Blur in RGB!
original! Red image blurred!

Green image blurred! Blue image blurred!


