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Recap: Gradient-based filtering
1. Scegli la derivata
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2. Convolvi con l’immagine

3. Calcola direzione e ampiezza del gradiente.

gradient direction amplitude

* *



Gradient-Based Filtering

• Cosa c’è che non va?

originale Ampiezza



Gradient-Based Filtering

• Cosa c’è che non va?
• Troppi artefatti

originale Ampiezza



Gradient-Based Filtering

• Noise
• Lo trattiamo con il filtro gaussiano



Gradient-Based Filtering

• Troppi toni di grigio
• Thresholding



Gradient-Based Filtering

• Diversi spessori
• ?



Canny Edge Detector

• Algoritmo semplice
• Estensione del gradient-based filtering

• Spessori uniformi
• Non-maximal suppression

• Rimozione di artefatti
• Double thresholding, hysteresis



Non maximal suppression

• Basata sulla direzione del gradiente

• Il gradiente punta a valori alti di intensità 

10.2  Point, Line, and Edge Detection    731

22 5. °  or from −157 5. °  to 157 5. °, we call the edge a horizontal edge. Figure 10.24(c) 
shows the angle ranges corresponding to the four directions under consideration.

Let d1, d2 , d3,and d4  denote the four basic edge directions just discussed for 
a 3 3×  region: horizontal, −45°, vertical, and +45°, respectively. We can formulate 
the following nonmaxima suppression scheme for a 3 3×  region centered at an 
arbitrary point ( , )x y  in a :

1. Find the direction dk  that is closest to a( , ).x y
2. Let K denote the value of !fs  at ( , ).x y  If K is less than the value of !fs  at one 

or both of the neighbors of point ( , )x y  along dk , let g x yN ( , ) = 0 (suppression); 
otherwise, let g x y KN ( , ) .=

When repeated for all values of x and y, this procedure yields a nonmaxima sup-
pressed image g x yN ( , ) that is of the same size as f x ys( , ). For example, with reference 
to Fig. 10.24(a), letting ( , )x y  be at p5, and assuming a horizontal edge through p5,
the pixels of interest in Step 2 would be p2  and p8. Image g x yN ( , ) contains only the 
thinned edges; it is equal to image !f x ys( , )  with the nonmaxima edge points sup-
pressed.

The final operation is to threshold g x yN ( , ) to reduce false edge points. In the 
Marr-Hildreth algorithm we did this using a single threshold, in which all values 
below the threshold were set to 0. If we set the threshold too low, there will still 
be some false edges (called false positives). If the threshold is set too high, then 
valid edge points will be eliminated (false negatives). Canny’s algorithm attempts to 
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FIGURE 10.24
(a) Two possible 
orientations of a 
horizontal edge 
(shaded) in a 3 3×  
neighborhood.  
(b) Range of values 
(shaded) of a, the 
direction angle of 
the edge normal 
for a horizontal 
edge. (c) The angle 
ranges of the edge 
normals for the 
four types of edge 
directions in a 3 3×  
neighborhood. 
Each edge direc-
tion has two ranges, 
shown in corre-
sponding shades.
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Non maximal suppression

• Sopprimiamo il pixel se lungo la direzione del gradiente i pixel 
adiacenti hanno un valore più alto



Non maximal suppression

• Sopprimiamo il pixel se lungo la direzione del gradiente i pixel 
adiacenti hanno un valore più alto



Non-Maximal Suppression



Level-wise thresholding, hysteresis

• Strong/Weak/irrelevant pixels
• Strong pixels: intensità alta (contribuiscono sicuramente ai bordi)

• Weak pixels: intensità non alta, ma neanche bassa
• Li teniamo da parte

• Irrelevant pixels: intensità bassa, da rimuovere

• Usiamo due soglie
• High threshold per identificare strong pixels

• Low threshold per identificare irrelevant pixels

• Tutti i pixel nel mezzo delle due soglie sono weak e verranno gestiti 
dal meccanismo dell’isteresi



Level-wise thresholding



Hysteresis

• «Attrazione gravitazionale»
• Se un weak Pixel ha uno strong pixel nel vicinato, diventa anch’esso uno 

strong pixel, altrimenti diventa irrelevant e viene soppresso



Hysteresis


