
Elements of Image 



Image Formation Process 



Sampling and Quantization 



Digital camera 

A digital camera replaces film with a sensor array 
• Each cell in the array is light-sensitive diode that converts photons to 

electrons 

• Two common types: Charge Coupled Device (CCD) and CMOS 

• http://electronics.howstuffworks.com/digital-camera.htm  
 

Slide by Steve Seitz 

http://electronics.howstuffworks.com/digital-camera.htm
http://electronics.howstuffworks.com/digital-camera.htm
http://electronics.howstuffworks.com/digital-camera.htm


Sensor Array 

CMOS sensor 



The raster image (pixel matrix) 



The raster image (pixel matrix) 
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Color spaces 

• How can we represent color? Or color image? 

http://en.wikipedia.org/wiki/File:RGB_illumination.jpg 



Color spaces: RGB 

0,1,0 

0,0,1 

1,0,0 

Image from: http://en.wikipedia.org/wiki/File:RGB_color_solid_cube.png 

Some drawbacks 
• Strongly correlated channels 
• Non-perceptual  

Default color space 

R 
(G=0,B=0) 

G 
(R=0,B=0) 

B 
(R=0,G=0) 



Color spaces: HSV 
Intuitive color space 

H 
(S=1,V=1) 

S 
(H=1,V=1) 

V 
(H=1,S=0) 



Most information in intensity 

Only color shown – constant intensity 



Most information in intensity 

Only intensity shown – constant color 



Image filtering 

• Image filtering: compute function of local 
neighborhood at each position 

 

• Really important! 

– Enhance images 
• Denoise, resize, increase contrast, etc. 

– Extract information from images 
• Texture, edges, distinctive points, etc. 

– Detect patterns 
• Template matching 
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Image filtering – box filter 
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What does it do? 

• Replaces each pixel with an 
average of its neighborhood 
 

• Achieve smoothing effect 
(remove sharp features) 
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Slide credit: David Lowe (UBC) 

],[g 

Box Filter 



Smoothing with box filter 



Practice with linear filters 
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Source: D. Lowe 



Practice with linear filters 
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Source: D. Lowe 



Practice with linear filters 
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Source: D. Lowe 



Practice with linear filters 
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By 1 pixel 

Source: D. Lowe 



Practice with linear filters 
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(Note that filter sums to 1) 

Source: D. Lowe 



Practice with linear filters 
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Sharpening filter 
- Accentuates differences with local 
average 

Source: D. Lowe 



Sharpening 

Source: D. Lowe 



Other filters 
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Sobel 



Other filters 
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Sobel 



Key properties of linear filters 
 

Linearity:  
filter(f1 + f2) = filter(f1) + filter(f2) 

 

Shift invariance: same behavior regardless of 
pixel location 
filter(shift(f)) = shift(filter(f)) 

 

Any linear, shift-invariant operator can be 
represented as a convolution 

 Source: S. Lazebnik 



• Weight contributions of neighboring pixels by nearness 
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5 x 5,  = 1 

Slide credit: Christopher Rasmussen  

Important filter: Gaussian 



Smoothing with Gaussian filter 



Smoothing with box filter 


