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Recall: Image Gradient

• Gradient = Vector of partial derivatives of image

• Gradient direction is the steepest direction to increase the function 
value
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Numerical Derivatives
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Example: Spatial Image Gradient
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Example: Spatial Image Gradient
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Example: Spatial Image Gradient
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Example: Spatial Image Gradient

1/24/2024 Yu Xiang 7



Image Filtering

• Modifying the pixels in an image based on some of function of a local 
neighborhood of pixels
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Linear Filtering

• Using linear combination of the neighborhood of a pixels (weighted 
sum)
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Linear Filtering
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Kernel

Correlation



Correlation vs. Convolution

• Correlation

• Convolution
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What is the difference?

Filter flipped
vertically and
horizontally



Properties of Convolution
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Convolution Example
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Filter flipped vertically 
and horizontally
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Filter flipped vertically 
and horizontally
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Filter flipped vertically 
and horizontally
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Filter flipped vertically 
and horizontally



Border Handling
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Border Handling

• Zero padding
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Border Handling

• Replication

1/24/2024 Yu Xiang 19



Border Handling

• Reflection
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Back to Image Gradient
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What filter is this?



Back to Image Gradient
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Further Reading

• Chapter 3.2, Richard Szeliski

• Carlo Tomasi, Image Correlation, Convolution and Filtering, 
https://courses.cs.duke.edu/fall15/cps274/notes/convolution-
filtering.pdf
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https://courses.cs.duke.edu/fall15/cps274/notes/convolution-filtering.pdf
https://courses.cs.duke.edu/fall15/cps274/notes/convolution-filtering.pdf
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