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Last Time

 Color spaces

 Image file formats
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Today

 In-class lab session

 Color quantization

 Homework 1 due today

 Homework 2 available 

◼ due before class on Oct. 19
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Color Quantization

 The problem of reducing the number of colors in an 

image with minimal impact on appearance

◼ Extreme case: 24 bit color to black and white

◼ Less extreme: 24 bit color to 256 colors, or 256 grays

 Sub problems:

◼ Decide which colors to use in the output (if there is a choice)

◼ Decide which of those colors should be used for each input 

pixel
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Example (24 bit color)
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Uniform Quantization

 Break the color space into uniform cells

 Find the cell that each color is in, and map it to the 
center

 Equivalent to dividing each color by some number and 
taking the integer part
◼ Say your original image is 24 bits color (8 red, 8 green, 8 blue)

◼ Say you have 256 colors available, and you choose to use 8 reds, 8 
greens and 4 blues (8 × 8 × 4 = 256 )
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Uniform Quantization

 Break the color space into uniform cells

 Find the cell that each color is in, and map it to the 
center

 Equivalent to dividing each color by some number and 
taking the integer part
◼ Say your original image is 24 bits color (8 red, 8 green, 8 blue)

◼ Say you have 256 colors available, and you choose to use 8 reds, 8 
greens and 4 blues (8 × 8 × 4 = 256 )

◼ Divide original red by 32, green by 32, and blue by 64

◼ Some annoying details

 Generally does poorly because it fails to capture the 
distribution of colors
◼ Some cells may be empty, and are wasted

7



Uniform Quantization
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 8 bits per pixel in this 

image

 Note that it does very 

poorly on smooth gradients

 Normally the hardest part 

to get right, because lots of 

similar colors appear very 

close together

 Does this scheme use 

information from the 

image?



Populosity Algorithm

 Build a color histogram: count the number of times 

each color appears

 Choose the n most commonly occurring colors

◼ Typically group colors into small cells first using uniform 

quantization

 Map other colors to the closest chosen color

 Problem?
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Histogram

10Image credit: https://www.pyimagesearch.com/2021/04/28/opencv-image-histograms-cv2-calchist/



Populosity Algorithm
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 8 bit image, so the 

most popular 256 

colors
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Populosity Uniform



Populosity Algorithm
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 8 bit image, so the 

most popular 256 

colors

 Note that blue wasn’t 

very popular, so the 

crystal ball is now the 

same color as the floor

 Populosity ignores rare 

but important colors!



Median Cut (Clustering)

 View the problem as a clustering problem

◼ Find groups of colors that are similar (a cluster)

◼ Replace each input color with one representative of its cluster

 Many algorithms for clustering

 Median Cut is one: recursively

◼ Find the “longest” dimension (r, g, b are dimensions)

◼ Choose the median of the long dimension as a color to use

◼ Split into two sub-clusters along the median plane, and 

recurse on both halves

 Works very well in practice
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Median Cut (Clustering)
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Median Cut (Clustering)

16

0 255



Median Cut (Clustering)
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Median Cut (Clustering)
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Median Cut

• 8 bit image, so 256 

colors

• Now we get the blue

• Median cut works so 

well because it divides 

up the color space in the 

“most useful” way
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Populosity Media Cut



Optimization Algorithms

 The quantization problem can be phrased as 

optimization

◼ Find the set of colors and map that result in the 

lowest quantization error

 Several methods to solve the problem, but of 

limited use unless the number of colors to be 

chosen is small

◼ It’s expensive to compute the optimum

◼ It’s also a poorly behaved optimization
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Perceptual Problems

 While a good quantization may get close 

colors, humans still perceive the quantization

 Biggest problem: Mach bands

◼ The difference between two colors is more 

pronounced when they are side by side and the 

boundary is smooth

◼ This emphasizes boundaries between colors, even 

if the color difference is small

◼ Rough boundaries are “averaged” by our vision 

system to give smooth variation
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Mach Bands in Reality
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The floor appears 
banded



Mach Bands in Reality
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Still some banding even 
in this 24 bit image (the 
floor in the background)



Dithering (Digital Halftoning)

 Mach bands can be removed by adding noise 

along the boundary lines

 General perceptive principle: replaced 

structured errors with noisy ones and people 

complain less

 Old industry dating to the late 1800’s

◼ Methods for producing grayscale images in 

newspapers and books
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