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Special thanks to Ioannis Gkioulekas

• Many of the slides are taken with his permission from the computational 
photography course that he has developed at CMU
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Image Enhancement

• Make an image more suitable for a particular application than the original 
image
• Types of techniques
• Point processing
• Spatial processing (pixel neighbourhoods)
• Frequency domain processing
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Today’s Focus
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Spatial Filtering

• Two main types
• Linear filtering
• Non-linear filtering

• Linear filters
• Remove, isolate, modify frequencies in the image
• Foundation based upon the  convolution theorem

• Non-linear filters
• Based upon image statistics
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Linear Filtering in 1D
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Cross-correlation

Convolution
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Linear Filtering in 1D
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Gaussian in 1D
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From Wikipedia
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Gaussian in 1D
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Fit Gaussian to the following data: 1 2 2 -3 2 0



Gaussian in 1D
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Compute 5-tap Gaussian filter with ! = 2
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Linear Filtering in 2D
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Linear Filtering in 2D
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Linear Filtering in 2D
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Linear Filtering in 2D
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Linear Filtering in 2D
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Linear Filtering in 2D
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Flip the kernel/filter both 
horizontally and vertically

Flipped Kernel



Linear Filtering in 2D
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Cross-correlation
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Linear Filtering in 2D: 
Number of multiplications and additions
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Multivariate Guassian (in k-dimensions)
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Gaussian Blurring
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Gaussian Blurring

• We often use the following approximation of a Gaussian function

• Gaussian functions have infinite support, but discrete Gaussian kernels are 
finite
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Gaussian Blurring

• Variance controls how broad or peaky the filter is

• Removes high-frequency components from the image
• Blurs the image
• Acts as a low-pass filter
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Gaussian Blurring

• Convolving twice with Gaussian kernel of width '! is the same as 
convolving once with kernel of width ' 2
• Applying a Gaussian filter with variance '*!, followed by applying a 

Gaussian filter with variance '!! is the same as applying once with 
Gaussian filter with variance '*! + '!!
• All values are positive
• Values sum to 1? 
• Why is this relevant?

• This size of the filter, plus its variance, determines the extent of 
smoothing
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Gaussian Blurring vs. Average (Box) Filtering
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Gaussian Blurring vs. Average (Box) Filtering
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Which one is better?



Summary

• Linear filtering 1D recap
• Cross-correlation
• Convolution
• Gaussian filtering

• Linear filtering in 2D
• Multivariate Gaussians
• Gaussian Blurring

Check out Linear Filtering notes here.
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http://csundergrad.science.uoit.ca/courses/cv-notes/notebooks/03-linear-filtering.html

