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Recall: Image Gradient

* Gradient = Vector of partial derivatives of image

e Gradient direction is the steepest direction to increase the function
value




Numerical Derivatives

Finite forward difference

f(x+h)—f(x)

= = f'(x)+ O(h)

Finite backward difference

f(x) = fx—h)
h

= f'(x) + O(h)

Finite central difference )
> More

f(x+h)2—hf(~‘?—h) — f'(x)+o(n*) [ accurate




Example: Spatial Image Gradient

I(x+1,y) - I(x-1,y)
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Example: Spatial Image Gradient

[ =dI(x,y)/dx
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Note: From now on we will
drop the constant factor 1/2.
We can divide by it later.




Example: Spatial Image Gradient

dI/dx
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Example: Spatial Image Gradient




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

e Using linear combination of the neighborhood of a pixels (weighted

sum)
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Linear Filterin k—1
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Correlation vs. Convolution oo
. . . . . 0 d = f
Correlation (3, ) = » f(i+kj+Dh(kD) T
g=f®h | I What is the difference?
. o o Filter flipped
Convolution ¢(%, j) Zf i —k,7—Dh(k,1) vertically and
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Properties of Convolution

Commutative Associative

axb=>bxa (((a*bl)*b2)*b3):a*(bl*bg*bg)

Distributes over addition Scalars factor out

a*(b+c):(a*b)+(a*c) /\a*b:a*/\b:/\(a*b)

Derivative Theorem of Convolution -2 (hx f) = (Lh) x f




Convolution Example
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Border Handling
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Border Handling

e Zero padding
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Border Handling
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Border Handling
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Back to Image Gradient

-1)* L +0)* L,+ (+1) * 1,5

dI/dx
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What filter is this?




Back to Image Gradient

I =[10-1]=«1I

Partial derivative wrt x

|
Note that there
is a difference between Iy - 01 x1
convolving with a 1xn row e | _

filter and an nx1 col filter.




Further Reading

e Chapter 3.2, Richard Szeliski

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



https://courses.cs.duke.edu/fall15/cps274/notes/convolution-filtering.pdf
https://courses.cs.duke.edu/fall15/cps274/notes/convolution-filtering.pdf

	Slide 1: Image Filtering and Convolution
	Slide 2: Recall: Image Gradient
	Slide 3: Numerical Derivatives
	Slide 4: Example: Spatial Image Gradient
	Slide 5: Example: Spatial Image Gradient
	Slide 6: Example: Spatial Image Gradient
	Slide 7: Example: Spatial Image Gradient
	Slide 8: Image Filtering
	Slide 9: Linear Filtering
	Slide 10: Linear Filtering
	Slide 11: Correlation vs. Convolution
	Slide 12: Properties of Convolution
	Slide 13: Convolution Example
	Slide 14
	Slide 15
	Slide 16
	Slide 17: Border Handling
	Slide 18: Border Handling
	Slide 19: Border Handling
	Slide 20: Border Handling
	Slide 21: Back to Image Gradient
	Slide 22: Back to Image Gradient
	Slide 23: Further Reading

