
Image enhancement

Sharpening Spatial Filtering



Sharpening Filter
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 A basic definition of the first-order derivative of a one-

dimensional function f(x) is the difference 

 Similarly, we define a second-order derivative as the 

difference
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1st derivative

2nd derivative



Partial Derivatives of an Image
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Which shows changes with respect to x?
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THE LAPLACIAN





Low-Pass vs. High-Pass
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Original image

Low-pass

filtered

High-pass

filtered

Image Source: S. Chenney





Image Gradient
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 The gradient of an image:

 The gradient points in the direction of most rapid intensity change

 The gradient direction (orientation of edge normal) is given by:

 The edge strength is given by the gradient magnitude



First order derivatives for nonlinear 

image sharpening 



Assorted Finite Difference Filters
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END OF PRESENTATION


