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Edge	Detection	
 



Edge Models 
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Derivatives – Idea Cases 

Observation: 

Conclusion 
•  The magnitude of first derivative -- the presence of an edge 
•  The sign of  second derivative -- the intensity transition direction 

•  double edge 
•  zero crossing – the center of ramp 
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But, In Practice … 

1.  Image Smoothing 

2.  Detecting edge points 

3.  Edge localization 

original 1st order 2nd order 
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Basic Edge Detection 

First-order derivative: 

Gradient 
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Masks for Calculating the Gradient (2x2) 

Gradient in vertical/horizontal direction 

Gradient in diagonal direction 
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Masks for Calculating the Gradient (3x3) 

Gradient in vertical/horizontal Gradient in diagonal 

Sobel operator performs edge detection and smoothing simultaneously. 
CSCE 590: Introduction to Image Processing 7 

Slides courtesy of Prof. Yan Tong 



An Example 

CSCE 590: Introduction to Image Processing 8 
Slides courtesy of Prof. Yan Tong 



An Example – Cont. 

Angle information is employed in Canny edge detector and other 
feature representation, such as Histogram of Orientation (HOG). 
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An Example – Cont. 
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An Example – Cont. 

Edge detection in diagonal directions. 

45 degree -45 degree 
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Combining the Gradient with Thresholding 

Smoothed input 
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Brief	Review	on	Simple	Edge	Detectors	

-  First-order	derivative	
-  Roberts	(2x2)	
-  Prewitt	(3x3)	
-  Sobel	(3x3,	smooth	+	difference)	
-  Thicker	edge	
-  One	operator	for	one	edge	direction	

-  Second-order	derivative	
-  Laplacian	(3x3)	
-  Double	edge	
-  Zero-crossing	

-  Common	issues:	
-  Sensitive	to	image	noise	
-  Cannot	deal	with	the	scale	change	of	the	image		
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Advanced	Edge	Detec9on	Techniques	

•  	Deal	with	image	noise	
•  	Exploit	the	properties	of	image	
•  																		Work	much	better	for	real	images	

•  Advanced	edge	detectors:	
•  	Laplacian	of	Gaussian	(LoG)	
•  	Difference	of	Gaussian	(DoG)	
•  	Canny	
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Marr-Hildreth Detector (LoG) 

Observations: 
•  Intensity changes are dependent on the image scale 
•  A sudden intensity change (step) causes a peak/trough in the1st 
order derivative and a zero-crossing in the 2nd order derivative 
•  The 2nd order derivative is especially sensitive to noise 
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Smooth the image using a Gaussian filter first before applying 
the Laplacian 
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Laplacian of a Gaussian (LoG) 
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Marr-Hildreth Detector (LoG) 

),(:)( 2 yxGLoG ∇Laplacian of a Gaussian 

•  Varying σ values for scale changes 
•  Rotation invariant in edge detection 
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LoG Cont’d 

Sum to zero! 

Mexican hat 
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In practice, we use 
the negative of the 
mask 
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LoG Filtering	

1.  Filter	the	input	image	with	an	nxn	Gaussian	Qilter.	
2.  Compute	the	Laplacian	of	the	intermediate	image	
resulting	from	Step	1.	

3.  Find	the	zero-crossings	of	the	image	from	Step	2.	
–  opposite	signs	of	the	neighbors		
–  the	difference	should	be	signiQicant	

•  Note:		
•  Window	size	n>=	6σ	and	n	is	an	odd	number	
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An Example – Edges are 1 Pixel Thick 
Original  LoG filtering LoG filtering with T=0 

Zero-crossing with T=0 Zero-crossing with T=4%max 

In practice, run LoG 
many times with different 
sigmas and keep the 
edges that are common 
for all sigmas 
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Approximate LoG by DoG 
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LoG needs multiple filters for scale variations 
Difference of Gaussian (DoG) 
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Canny	Edge	Detector	

•  The	general	goal:	
1.  Low	error	rate:	all	edges	should	be	found	and	there	
should	be	no	false	response	

2.  Edge	points	should	be	well	localized:	the	edges	located	
must	be	as	close	as	possible	to	the	true	edges	

3.  Single	edge	point	response:	the	detector	should	return	
only	one	point	for	each	true	edge	point	

•  Canny	edge	detector:	expressing	these	three	criteria	
mathematically	and	then	Qind	optimal	solutions	
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Canny	Edge	Detector	

•  Gaussian	smoothing	+	1st	order	derivative	
•  																			optimal	step	edge	detector	
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Quantize the Edge Direction 
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Canny	Detector	--	Algorithm	

1.  Smooth	the	input	image	with	a	Gaussian	Qilter	
2.  Compute	the	gradient	magnitude	and	angle	images	
3.  Apply	nonmaximum	suppression	on	the	gradient	
magnitude	image	
1.  At	(x,y),	Qind	the	quantized	edge	normal	dk		
2.  If	the	value	M(x,y)	is	less	than	at	least	one	of	its	two	
neighbors	along	dk,	let	gN(x,y)=0;	otherwise	gN(x,y)=	M(x,y)		

4.  Reduce	false	edge:	double	thresholding	and	connectivity	
analysis	to	detect	and	link	edges	
1.  High-threshold	à	strong	edge	pixels	àvalid	edge	pixels	
2.  Low-threshold	à	weak	edge	pixels	à	valid	only	when	
connected	to	strong	edge	pixels	
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An Example 
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An Example 
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Edge	Linking	and	Boundary	Detec9on	

•  All	edge	detection	algorithms	can	only	detect	
fragments	of	boundaries,	due	to	image	noise,	
non-uniform	illuminations,	or	other	effects	

•  Edge	linking:	link	edges	into	longer	meaningful	
edges	or	a	full	region	boundaries	

•  Three	classic	methods:	
•  	Local	processing	
•  	Regional	Processing	(read	textbook	page	728-732)	
•  	Hough	transform	
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Edge	Linking	–	Local	Processing	

•  Link	the	edge	points	with	similar	properties:		
•  Strength	
•  Direction	
	

•  Two	edge	pixels	are	linked	if	
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Objective: find rectangular region for license plate recognition. 

A	Local	Processing	Example	
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Global	Processing	

•  A	basic	idea:	Given	n	points	
1. Find	n(n-1)/2	lines	between	each	pair	of	points	
2. Find	all	subset	of	points	that	are	close	to	
particular	lines.	This	needs	n(n-1)n/2	
comparisons	

•  This	is	computationally	expensive!	
Hough	transform	
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Hough Transform 

Problem of slope-intercept form: the slope a approaches infinity for 
vertical lines 

X-Y plane Parameter plane 

A	line	in	x-y	plane	is	a		point	in	the	parameter	plane.	
A	point	in	x-y	plane	is	a	line	in	the	parameter	plane.	
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Hough Transform 

ρθθ =+ sincos yx

A	line	in	x-y	plane	is	a		point	in	the	parameter	plane.	
A	point	in	x-y	plane	is	a	sinusoidal	in	the	parameter	plane	(polar	space).	
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A Toy Example 
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Hough Transform – Real Example 

Find	the	runway	
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Hough	Transform	Algorithm	

DD ≤≤−≤≤− ρθ ,9090 00

•  Obtain	a	binary	edge	image	using	any	edge	
detector 

•  Specify	subdivisions	in	the	ρ-θ	plane	
•  For	each	edge	point	

For	each	θ	value	in	the	accumulator	cell	
Update	the	accumulator	cell	with	the	

corresponding	ρ 
•  Examine	the	counts	of	accumulator	cell	for	

high	pixel	concentrations	
•  For	each	chosen	cell,	link	the	pixels	based	on	

the	continuity	
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Note	

•  Thresholding	is	required	to	get	edge	pixels	and	realize	edge-
based	segmentation	

•  Boundary	detection	(edge	linking)	is	still	a	hot	research	topic	in	
image	processing	and	computer	vision	

•  Incorporate	domain	knowledge:	
•  Psychology	rules	on	the	boundary:	smooth,	convex,	
symmetry,	closed,	complete,	etc	

•  Template	shape	information:	hand,	stomach,	lip,	etc		
•  Appearance	information:	region-based	texture,	intensity/
color,	etc.	
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Ques9ons?	
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