
1

Detecting	intensity	changes	in	an	image
“edge	detection”
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Convolution	in	one	dimension
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Computing	derivatives	with	convolution

+1 -2 +1

V1 V2 V3

V2-V1 V3-V2

=  V3 – 2V2 + V1

Why	is	this	operator	
a	2nd derivative?
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Detecting	intensity	changes	in	a	2D	image
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Computing	Laplacian	with	convolution
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What	does	this	operator	do?

image

Convolution	
operator

convolution	result

smoothing?	
1st or	2nd derivative?	

directional	or	non-directional	derivative?
can	we	locate	intensity	changes	from	result?

can	we	detect	intensity	changes	at	all	orientations?
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smoothing?	
1st or	2nd derivative?	
directional	or	not?
locate	intensity	
changes?

all	orientations?

convolution	
operator
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Smoothing	a	2D	image
To	smooth	a	2D	image	I(x,y),	we	convolve	with	a	2D	Gaussian:
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convolution				
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Constructing	the	convolution	operator

To	smooth	2D	image	I(x,y),	
convolve	with	2D	Gaussian
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r2 = x 2 + y 2

Sampling	the	Laplacian-of-Gaussian

(displayed	with	
sign	reversed)
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Computing	the	contrast	of	intensity	changes
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∇2[G(x,y) * I(x,y)]= [∇2G(x,y)]* I(x,y)

zero-crossings	with	slope	
displayed	as	darkness	
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Computing	derivatives	with	convolution
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V2-V1 V3-V2

=  V3 – 2V2 + V1

Why	is	this	operator	
a	2nd derivative?
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