
Chapter 10
Image Segmentation
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The whole is equal to the sum of its parts.
-Euclid

The whole is greater than the sum of its parts.
-Max Wertheimer

The Whole is Not Equal to the Sum of Its Parts:
An Approach to Teaching the Research Paper.

-by Mangum, Bryant
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Gradient operators

The gradient of an image f(x,y) at location 
(x,y) is defined as the vector

An important quantity in edge detection is the 
magnitude of this vector, denoted      ,where 
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The direction of the gradient vector also is an 
important quantity. Let             represent the 
direction angle of the vector     at (x,y). Then, 
from vector analysis,  
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Roberts cross-gradient operators:

and
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An approach using masks of size 3*3 is given 
by

and
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A slight variation of these two equations uses 
a weight of 2 in the center coefficient:

and
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An approach used frequently is to 
approximate the gradient by absolute values:
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The Laplacian

The Laplacian of a 2-D function f(x,y) is a 
second-order derivative defined as

For a 3*3 region, one of the two forms 
encountered most frequently in practice is
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A digital approximation including the diagonal 
neighbors is given by
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Local Processing

Global Processing via the Hough Transform

Global Processing via Graph-Theoretic 
Techniques



An edge pixel with coordinates (x0,y0) in a 
predefined neighborhood of (x,y), is similar in 
magnitude to the pixel at (x,y) if

An edge pixel at (x0,y0) in the predefined 
neighborhood of (x,y) has an angle similar to 
the pixel at (x,y) if
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ρθθ =+ sincos yx
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A sequence of nodes n1,n2,…,nk, with each 
node ni being a successor of node ni-1, is 
called a path from n1 to nk. The cost of the 
entire path is:
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Foundation

The Role of Illumination

Basic Global Thresholding
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Based on the preceding discussion, 
thresholding may be viewed as an operation 
that involves tests against a function T of the 
form

A thresholded image g(x,y) is defined as
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A thresholded image g(x,y) is defined as
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Taking the natural logarithm of this equation 
yields a sum:
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The following algorithm can be used to obtain 
T automatically:

Select an initial estimate for T;
Segment the image using T. This will produce two groups of 
pixels: G1 consisting of all pixels with grey level values>T and G2
consisting of pixels with values <=T.
Compute the average gray level values     and      for the pixels in 
regions G1 and G2.
Compute a new threshold value:

Repeat steps 2 through 4 until the difference in T in successive
iterations is smaller than a predefined parameter To.
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Region Growing

Region Splitting and Merging











Region Growing

Region Splitting and Merging





Split into four disjoint quadrants any region Ri
for which P(Ri)=FALSE;
Merge any adjacent regions Rj and Rk for 
which                          . 
Stop when no further merging or splitting is 
possible.

TRUERRP kj =)( U
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Spatial Techniques

Frequency Domain Techniques
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The actural physical speed in the x-dirextion
is












