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Some slides of this lecture are courtesy Robert Collins (PSU)



Image Data
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height

width

RGB color space
[0, 255]

Grayscale
[0, 255]



Images as Surfaces
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Examples
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Examples
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Examples
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Examples
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Examples

1/23/2025 Yu Xiang 9



Images as Functions
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Function



Derivative

• Derivative of a 1D function
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The slope of the tangent line is 

equal to the derivative of the 

function at the marked point.

https://en.wikipedia.org/wiki/Slope


Derivative
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Partial Derivative

• Multivariable function

• Example

• Total differential
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Gradient

• For a function                    , gradient at a point

• Gradient vs. total differential
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1D Gradient
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1D Gradient
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2D Gradient
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The gradient indicates the

direction of steepest ascent.



2D Gradient
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Image Gradient
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Image Gradient

• Derivative of a function

• Central difference is more accurate
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Image Gradient
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Image Gradient

1/23/2025 Yu Xiang 22



Further Reading

• Chapter 3.1, Richard Szeliski

• Slope https://en.wikipedia.org/wiki/Slope

• Gradient https://en.wikipedia.org/wiki/Gradient

• Matplotlib 3D surface: 
https://matplotlib.org/stable/gallery/mplot3d/surface3d.html
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https://en.wikipedia.org/wiki/Slope
https://en.wikipedia.org/wiki/Gradient
https://matplotlib.org/stable/gallery/mplot3d/surface3d.html
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