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Overview 

¨  Image Layout 
¨  Colour mapping 

¤ Lighten&Darken, Threshold 
¤ General Intensity Mapping 
¤ Histograms and Histogram Equalization 

¨  Convolutions 
¤ Smooth, Sharpen, Edge Detection 

¨  Colour Mapping 
¤ 24bit to 16bit (Truncation) 



Image Layout 

¨  If the image is stored as RGBA then there is the obvious 
layout as a single byte array 

  byte screen[width*height*4] 

¨  If you want to find the colour of pixel at position XY, then 
you look up the four bytes 

  screen[(width*Y + X)*4] 



Alternative Image Layout 

¨  Alternatively the layers are kept separately in different 
arrays 
  byte red[width*height] 

  byte green[width*height] 

  byte blue[width*height] 

  byte alpha[width*height] 

¨  Obviously less space if you do not have alpha 
¨  Useful if you do lots of operations on layers, but note that 

image operations now involve accessing bytes within four 
byte blocks, which may not be optimal for CPU operations 
or bus access 



Lighten/Darken 

¨  Darken 
Lnew = α*Lold 

¨  Lighten 
Lnew = (1-α) + (α * Lold) 

Original image 

 

L represents gray-scale (average of R,G,B) 



Threshold 

¨  Threshold 
Lnew = 0 if Lold < k 
        = 1 if Lold >=k 
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General Intensity Mapping 

¨  E.g.,  
 
 
 
 
 
 
gives a contrast stretch 

Q: how to specify curve? 
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Histograms 

¨  The histogram of a digital image with grey levels from 0 
to L-1 is a discrete function h(rk)=nk, where: 
¤  rk is the k-th grey level 
¤ nk is the # pixels in the image with that grey level 
¤ N is the total number of pixels in the image 
¤ k = 0, 1, 2, …, L-1 



Histograms 

¨  Normalized Histogram: p(rk)=nk/N 
¤ Sum of all components = 1 

¨  For example: 8-bit grey-scale image 
¤ p(0) = 0.1            10% of pixels are black 
¤ p(…) = … 
¤ p(128) = 0.05        5% of pixels are med-grey 
¤ p(…) = … 
¤ p(255) = 0.0          0% white pixels 



Examples 



Histogram Equalization 

¨  The plot p(rk) versus rk is called a histogram 

¨  Automatic contrast stretching can be done via histogram: 
             Histogram Equalization 



Histogram Equalization 

¨  Histogram Equalization: 
¤ Transform given histogram of image, such that the histogram 

is as uniform as possible: 



Example: 
 T 

Histogram Equalization 

We are looking for 
this transformation ! 



Cumulative Distribution 

¨  Cumulative Distribution: 
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Equalization 

¨  Mapping: 

¨  Replace rk  with sk 
¤ E.g., all pixels with value 128 (r128) will be replaced with 

s128 = 135. 

largest value 
(common: 255) 

€ 

p(rk ) =
nk
N
, k = 0...L

sk = nmax ⋅T(rk ) = nmax ⋅ p(rj )
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Equalization – Visually 
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A Little Exercise 

¨  Given a completely flat histogram: 
 
 
 

¨  What is the CDF? 



Examples of Advanced 
Use of Histograms 

Apply Histogram Result 

From: “Two-scale Tone Management for 
Photographic Look”, SIGGRAPH 2006. 



More Examples 



Convolutions 

¨  Each destination pixel is defined by several pixels in the 
source image 

¨  The area which is considered in the destination of the 
image is the support and its shape is defined by a 
kernel 



Smoothing Filter 

¨  Kernels can be any size, but 3x3 is common 

¨  Does “blur” image, but removes noise also 

1/9 

1/9 

1/9 1/9 1/9 

1/9 1/9 

1/9 1/9 



Specifically 

B(x,y) = 1/9 A(x-1,y-1) + 1/9 A(x-1, y) + 1/9 A(x-1, y+1)+ 
  1/9 A(x,y-1) + 1/9 A(x, y) + 1/9 A(x, y+1)+ 
  1/9 A(x+1,y-1) + 1/9 A(x+1, y) + 1/9 A(x+1, y+1) 

¨  There is a problem with this simple explanation... 



Spotted the problem? 

¨  What about the edge pixels? 
¨  B(0,0) = 1/9(A(-1,-1) + A(-1, 0) + …. 

¨  Various solutions 
¤ Default is to copy rows and colums at the edge, i.e., replace 

(x,y) with (k,l) where 
if (x <0) { k = 0 } 
else if (x>=width-1) { k = width-1 } 
else { k = x } 



Edge Detection 
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Sharpen 

¨  Note sharpen is just edge 
detect plus “identity” 
transformation 
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What filter was used for the following 
transformation? 

Hint: filter contains only -1, 0, and 1. 

Original Filtered 



Example: Advanced Convolution  

Defocus Blur 

From: “Defocus Magnification”,  
Eurographics 2007. 



Summary 

¨  Colour Mapping 
¤ Lighten&Darken, Threshold 
¤ General Intensity Mapping 
¤ Histograms and Histogram Equalization 

¨  Convolutions 
¤ Smooth, Sharpen, Edge Detection 


