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Convolution

Adapted from F. Durand

• Same as cross-correlation, except that the kernel is 
“flipped” (horizontally and vertically)
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• Same as cross-correlation, except that the kernel is 
“flipped” (first horizontally and then vertically)


• Why convolution? Because, convolution operation 
preserves the following mathematical properties
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Example: Convolution operation is Commutative
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Example: Convolution operation is Commutative



No need to write separate code for mean filtering
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Linear filters: examples
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Source: D. Lowe
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0 1 0
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Flip horizontally 
first, then flip 
vertically during 
multiplication



Original
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Blur (with a mean filter)

Source: D. Lowe
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Linear filters: examples
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Flip horizontally 
first, then flip 
vertically during 
multiplication

Linear filters: examples



• Weight contributions are equal within the box and zero around the edges
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2D visualization 

Box filter

2D visualization 


• Mathematical form:



Box filter

Source: D. Forsyth
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• Performing a convolution operation on the image using a box filter

• The contributions within the box are weighted equally, with no contribution from 
the surrounding edges.



• Weight contributions of neighboring pixels by proximity
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3D visualization 2D visualization 

(top-down view)

Gaussian filter

Mathematical form



• Weight contributions of neighboring pixels by proximity

0.003   0.013   0.022   0.013   0.003

0.013   0.059   0.097   0.059   0.013

0.022   0.097   0.159   0.097   0.022

0.013   0.059   0.097   0.059   0.013

0.003   0.013   0.022   0.013   0.003
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2D visualization for a 5x5 filter with σ = 1 

(top-down view)

(-2,2) (-1,2) (0,2) (1,2) (2,2)
(-2,1) (-1,1) (0,1) (1,1) (2,1)
(-2,0) (-1,0) (0,0) (1,0) (2,0)

(-2,-1) (-1,-1) (0,-1) (1,-1) (2,-1)

(-2,-2) (-1,-2) (0,-2) (1,-2) (2,-2)

Location tuples (x,y) within the 5x5 filter

Gaussian filter



Smoothing with a Gaussian filter



Smoothing with a Box filter



Coding activity: Gaussian Filter
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Gaussian kernel (21x21): 

mean = 0 and σ = 1
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Coding activity: Gaussian Filter



Gaussian kernel (21x21): 

mean = 0 and σ = 5
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Coding activity: Gaussian Filter



Gaussian kernel (21x21): 

mean = 0 and σ = 10
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Coding activity: Gaussian Filter
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mean = 0 and σ = 1 mean = 0 and σ = 5 mean = 0 and σ = 10

Coding activity: Gaussian Filter



Gaussian filter
• Removes “high-frequency” components from the image 

(low-pass filter)

• Larger  σ  blurs more

• Convolution with self is another Gaussian

Source: K. Grauman@UT Austin

* =
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Coding activity: convolving image with 
Gaussian filters
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• Blur

• Box filter


• Gaussian


• Bilateral exponential


• Asymmetric filter: motion blur


• Edges

• [-1, 1]


• Derivative filter


• Derivative of a Gaussian


• Oriented filters


• Gabor filter


• Quadrature filters: phase and amplitude


• Elongated edges: filling gaps

A taxonomy of useful filters

Source: Antonio Torralba@MIT
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Other filtering operations
• What does blurring take away?

original blurred (5x5)

–

detail

=

sharpened

=

Let’s add it back:

original detail

+ α



unfiltered

filtered
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Sharpen filter



Source: D. Lowe
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Sharpen filter



Assignment#1 Discussion
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• Task 1: Whitening Transformation
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• Task 2: Histogram Equalization

Assignment 1: Whitening Transformation



Assignment 1: Whitening Transformation
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Assignment 1: Whitening Transformation
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Lab 1: Image Transformation

• Task 1: Whitening Transformation
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• Task 2: Histogram Equalization

Before you start applying the per-pixel transformation, it would 
be a good practice to visualize the histogram of the image first. 
Write a few lines of python code to visualize the histogram first 
(I will share the code snippets.)



Histogram Visualization



Histogram Visualization (v1)
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Histogram Visualization (v2)
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Assignment 1: Histogram Equalization
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Assignment 1: Histogram Equalization
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Unnormalized histogram normalized histogram



Assignment 1: Histogram Equalization

normalized histogram

cumulative sum histogram



Assignment 1: Histogram Equalization
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