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Digital Image Processing

Lecture # 8
Gray Scale Image Morphology & Segmentation



Dilation & Erosion



Opening & Closing



Opening & Closing





Morphological Gradient



Top Hat & Bottom Hat Transformations



Features Extraction: Edge Detection



Features detection

• Image Segmentation: Image processing
methods whose inputs are images but the
outputs are attributes extracted from those
images. Segmentation subdivides an image into
its constituent regions or objects.

• Edges: Partitioning the image based on abrupt
changes in intensity. Assumption is that
boundaries of regions are sufficiently different
from each other and from the background to
allow boundary detection.
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Edge Based Segmentation



Features detection

• Edge pixels: Pixels at which the intensity of an image 
changes abruptly and edges are sets of connected 
edge pixels, e.g., a line may be viewed as edge in 
which the intensity of the background on either side 
of the line is either much higher or much lower than 
the intensity of the line pixels.

• Features can be 

– Edges

– Corner Points 

– Texture
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Edge Detection

• Edge detectors can be based on the first and second
derivatives which can detect abrupt intensity changes.

• Derivates of digital functions are defined in terms of
differences

• See approximations on using first and second derivatives
in Gonzalez section 10.2.1
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Edge Detection

• First order derivatives produce thick edges while second order
derivatives produce finer ones. See ramp edge on the figure
10.2 on previous slide

• Second order derivates enhance sharp changes and fine
details more aggressively than first order derivatives see the
isolated point and the line in the same figure. This can be a
problem if the noise is present in the image

• Second derivative changes its sign as it transitions into and
out of a ramp or step edge. See the step edge. This “double
edge” effect can be used to locate edges.

• The sign of the second derivative is also used to determine
whether an edge is a transition from light dark (-ve value) or
from dark to light (+ve value). See step edge
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Edge Detection
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Edge Detection
First and second derivative
for smooth noiseless edge

• The zero crossings of the second

derivative can be used for locating edges in an 
image.
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Edge Detection
Results of first and 
second derivative for 
edges with Gaussian 
noise of mean = 0. 0.0

1.0

0.1

0.10

First 
derivative

Second 
derivative

•Smoothing step is a must before taking 
derivative for edge detection

•Localization of the edge
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Gradient Operators
• Most common differentiation operator is the 

gradient vector.
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The direction of an edge at a point is orthogonal to the
direction of the gradient vector at the point



Gradient Operators

Some common gradient operators

 Roberts and Prewitt masks are the simplest 
but not robust against noise

 Sobel edge detection masks are the most 
common and give satisfactory results in 
presence of noise
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Marr-Hildreth  Edge Detector

• The filter should be tunable so that large filters can 
be used to detect blurry edges and small operators 
to detect sharply focused fine detail
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Laplacian of a Gaussian (LoG)

• A filter which combines the smoothing function 
(Gaussian) with the Laplacian is called Laplacian
of a Gaussian (LoG) filter.

• Robust against noise. 

• Consider a smoothing Gaussian function:

where r2 = x2 + y2,    : standard 
deviation

• The Laplacian of this function gives the LoG
function:
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Laplacian of a Gaussian (LoG) Filter
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Edge detection by LoG

• Due the shape of this function it is also called
Mexican hat function (or Mexican hat filters).

• Better performance against noise. Reduces the
intensity of structures or noise, which are at scales
much smaller than sigma.

• Choose size of Gaussian mask to be n >= 6*sigma

• Then use a 3x3 Laplacian

• Find the zero crossings
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