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What is image processing ?

Input = ? 
Output =? 2



The universe of digital imagery
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Computer VisionImage Parameter

computer graphics
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The universe of digital imagery
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In imaging science,image processing is 

processing of images using mathematical 

operations by using any form of signal 

processing for which the input is an image, such as 

a photograph or video frame; the output of image 

processing may be either an image or a set of 
characteristics or parameters related to the image

Image Processing
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https://en.wikipedia.org/wiki/Imaging_science
https://en.wikipedia.org/wiki/Signal_processing
https://en.wikipedia.org/wiki/Photograph
https://en.wikipedia.org/wiki/Video_frame
https://en.wikipedia.org/wiki/Parameter
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We percept image through our eyes

Our eyes sense light

Percept image = Percept light



What is light
-Electromagnetic radiation that is visible to the 
human eye
-Can be wave or particle
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How eye works (Photoreceptor)

Euglena



11

How eye works (Photoreceptor)

Light Dependent Resistor Photo Transistor Passive InfraRed sensor



12

How eye works (Eye cup)

Planarian
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How eye works (Eye cup)

8x8 PIR sensor array
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How eye works (Pinhole)

Nautilus belauensis

https://en.wikipedia.org/wiki/Palau_Nautilus
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How eye works (Pinhole)
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How eye works (Lens)

Octopus
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How eye works (Lens)
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How eye works (Foveated Imaging)

Human eye Image formed
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Foveated Imaging



Digital Image Processing, 3rd ed.

www.ImageProcessingPlace.com

© 1992–2008  R. C. Gonzalez & R. E. Woods

Gonzalez & Woods

Chapter 2

Digital Image Fundamentals
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Giovanni Caselli's pantelegraph
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Russell A. Kirsch
The first photographs scanned in 1957, a picture of Kirsch’s 
three-month-old son, was captured as just 30,976 pixels, a 176 
× 176 array, in an area measuring 5 cm × 5 cm.

The first digital scanned image

Photomultiplier tubes
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The first 8-bit CCD, this chip consists of twenty-four closely packed MOS capacitors (the 

narrow rectangles in the football-field-like grid in the center). The thick rectangles at either end 

of the grid are input/output terminals. This chip can detect and reproduce simple images, like 

the letters CCD. Today's CCDs can store up to 64K bits of data. Actual size: 0.060 x 0.100 

inches.
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Digital Camera

Camera body

Image Sensor
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Digital Camera
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Analog to Digital Converter

Signal Quantization
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Quantization

1.5 kg
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Quantization

1.5 kg
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Quantization

𝑣 = output
𝑣𝑖= input
𝑣𝑚𝑎𝑥= maximum input range
𝑏𝑖𝑡𝑠 = number of bit

𝑣 =
𝑣𝑖
𝑣𝑟𝑒𝑓

× 2𝑏𝑖𝑡𝑠 − 1
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Bits=1
2 levels

Binary image
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Image Quantization

1 bit (2 levels)

2 bit (4 levels)

3 bit (8 levels)

4 bit (16 levels)

5 bit (32 levels)

6 bit (64 levels)

7 bit (128 levels)

8 bit (256 levels)

More bits = More shade
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Image Quantization

1 bit (2 levels) 2 bit (4 levels) 3 bit (8 levels) 4 bit (16 levels)

5 bit (32 levels) 6 bit (64 levels) 7 bit (128 levels) 8 bit (256 levels)

More bits = More shade
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Question !

A Pixel from CCD chip have a measure value of 2 volts, 
this CCD has a maximum range of 5 volts. 
What is the value of this pixel when it was quantize into 
12 bits

𝑣 = ?
𝑣𝑖= 2 volts
𝑣𝑚𝑎𝑥= 5
𝑏𝑖𝑡𝑠 = 12

𝑣 =
2

5
× 212 − 1

= 1637
= 665H
=11001100101B
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Image Sampling

1 x 1 9 x 5 48 x 27

96 x 54 192 x 108 864 x 486
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RESOLUTION OF PHOTOCHEMICAL FORMAT
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RESOLUTION OF DIGITAL PHOTO FORMAT
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RESOLUTION CHART
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RESOLUTION TEST PATTERN
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Spatial Coordinate System

1 2 3 4

0 0 0 0

1 0 0 0 0

2 0 0 0 0

3 0 1 0 0

4 0 0 0 0

5 0 1 1 1
y

x

G(2,3)=1

Bitmap G

x=2,y=2

G(x,y)=0

X={2,3,4} , Y={5,5,5}

G(X,Y)={1 ,1 ,1}
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Spatial Coordinate System

w

h

𝐼

𝐼(0,0) = ?

I[0,0] = 0
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Spatial Coordinate System

w

h

𝐼

𝐼
(
𝑤
2
,
ℎ
2
)
= ?

I[w/2,h/2] = 140
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Spatial Coordinate System

w

h

𝐼

𝐼
(𝑊,

ℎ
2
)
= ?

𝑊 = 0. . 𝑤

𝑊 = 0,1,2,3,4, … . , 𝑤
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Spatial Coordinate System

w

h

𝐼

𝐼
(: ,
ℎ
2
)
= ?
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Spatial Coordinate System

w

h

𝐼

𝐼
(
𝑤
2
,𝐻)

= ?

H= 0. . ℎ

𝐻 = 0,1,2,3,4, … . , ℎ
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Spatial Coordinate System

w

h

𝐼

𝐼
(
𝑤
2
,∶)
= ?
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Spatial Coordinate System

w

h

𝐼

𝐼
(:,
ℎ
2
…
3ℎ
4
)
= ?
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Spatial Coordinate System

w

h

𝐼

𝐼
(
𝑤
2
…
3𝑤
4

,∶)
= ?
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Spatial Coordinate System

w

h

𝐼

𝐼
(
𝑤
6
…
𝑤
2
,0..

𝑤
6
)
= ?
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RGB Color plane

𝐼

𝐼(: ,∶ ,0) 𝐼(: ,∶ ,1) 𝐼(: ,∶ ,2)
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RGB color format

h

w

d

24-BIT RGB (True color)

8

8
8

https://en.wikipedia.org/wiki/File:PixelSamples24bppRGB_88800.png
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Memory Usage

𝑏𝑦𝑡𝑒𝑠 =
σ𝑖=1
𝑑 ℎ × 𝑤 × 𝑏𝑖𝑡𝑠𝑖

8

h

w

d

24-BIT RGB (True color)

8

8
8

𝑏𝑦𝑡𝑒𝑠 =
ℎ × 𝑤 × 8 + ℎ × 𝑤 × 8 + ℎ × 𝑤 × 8

8
=
ℎ × 𝑤 × 24

8
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RGB color format

h

w

d

16-BIT RGB (High color)

5

6
5

https://en.wikipedia.org/wiki/File:SLNotation56500.png
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Question !

You need to load a 16-bit RGB Bitmap image with 
resolution of 1080 x 720 Pixels into the memory
Q1: Calculate the memory requirement for the whole 
image
Q2: Calculate the memory requirement only for the green 
plane

𝑤 = 1080, ℎ = 720, 𝑑1 = 5, 𝑑2 = 6, 𝑑3 = 5

𝑏𝑦𝑡𝑒𝑠 =
1080 × 720 × 16

8
= 1.55520𝑀𝐵Sol(1)

𝑏𝑦𝑡𝑒𝑠 =
1080 × 720 × 6

8
= 583,200𝑘𝐵Sol(2)
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Matlab & Python image processing function

Read image file: 
im=imread(‘filename’);

Display image:
imshow(im);

Get image dimension:
[h w d]=size(im);

Resize image:
im2=imresize(im,[h w]);

Color separation:
R=im(:,:,1);
G=im(:,:,2);
B=im(:,:,3);

RGB to Gray
im2=rgb2gray(im);

Read image file: 
im=Image.open(‘filename')
Display image:
imshow(im)
show()
Get image dimension:
imrgb=array(im)
[h,w,d]=imrgb.shape
[h w d]=size(im);
Resize image:
im2=imresize(im,[h ,w]);
Color separation:
im_r=im_rgb[:,:,0]
im_g=im_rgb[:,:,1]
im_b=im_rgb[:,:,2]
RGB to Gray
im2=mahotas.colors.rgb2gray(im_rgb);
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https://en.wikipedia.org/wiki/List_of_monochrome_and_RGB_palettes

More RGB formula
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Assignment 

Lena Söderberg

https://en.wikipedia.org/wiki/Lena_S%C3%B6derberg

