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Outline	
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Spatial filtering	
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input image	

 output image	



g(x,y)=T[f(x,y)]	



T 
T operates on a 
neighborhood of pixels	





Chapter 4: Image Filters	



Neighborhoods vs. masks	
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input image	

 output image	



T 

f1 f2 f3 

f7 f8 f9 

f4 f5 f6 

f1 f2 f3 

f7 f8 f9 

f4 f5 f6 p5 

€ 

p5 = wi fi
i=1

9

∑

w1 w2 w3 

w7 w8 w9 

w4 w5 w6 
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Neighbourhoods vs. masks (cont’d)	



Filter weights or coefficients	



€ 

g(x,y) = w(i, j) f (x + i,y + j)
j=−1

1

∑
i=−1

1

∑

w(-1,-1) w(-1,0) w(-1,1) 

w(0,-1) w(0,0) w(0,1) 

w(1,-1) w(1,0) w(1,1) 

Pixels of image 	


section under filter	



f(x-1,y-1) f(x-1,y) f(x-1,y+1) 

f(x,y-1) f(x,y) f(x,y+1) 

f(x+1,y-1) f(x+1,y) f(x+1,y+1) 

€ 

g(x,y) = w(i, j) f (x + i,y + j)
j=−K / 2

K / 2

∑
i=−K / 2

K / 2

∑



Chapter 4: Image Filters	



Linear / Non-linear spatial filtering methods	



€ 

p5 = wi fi
i=1

9

∑

  

€ 

p5 =max( f i,i =1,2,…,9)
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Linear spatial filtering methods	



€ 

g(x,y) = w(x,y) • f (x,y) = w(i, j) f (x + i,y + j)
j=−K / 2

K / 2

∑
i=−K / 2

K / 2

∑

€ 

g(x,y) = w(x,y)⊗ f (x,y) = w(i, j) f (x − i,y − j)
j=−K / 2

K / 2

∑
i=−K / 2

K / 2

∑
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Spatial filter classification and setting	



The word “filtering” has been borrowed from the frequency domain	
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Smoothing filters���
(low-pass filters)	
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Mean filter	



output filtered image	

input image	



5x5 mean mask:	
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Gaussian filter	



5x5 mean mask:	
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G(x,y) =
1

2πσ 2 e
−
x 2 +y 2

2σ 2

height = width = 5σ (subtends 98.76% of the area) 	



σ is the standard deviation of the distribution	
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Gaussian filter���
(cont’d)	



limited smoothing	


small σ	



input image	



5x5 mean mask:	
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€ 

G(x,y) =
1

2πσ 2 e
−
x 2 +y 2

2σ 2

σ is the standard deviation of the distribution	



strong smoothing	


large σ	
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Median filter	
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Use of a median filter to improve an image 
severely corrupted by defective pixels	
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Neighbor values: 	


115, 119, 120, 123, 124,	


125, 126, 127, 150	



Median value: 124	
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Sharpening filters���
(high-pass filters)	
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Examples of sharpening masks/kernels:	



output filtered image	

input image	
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Unsharp mask filter	
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Highpass = Original – Lowpass	


Image 	

     Image          Image	



output filtered image	

input image	
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High Boost Unsharp mask filter	
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Highboost = k . Original – Lowpass 	


                  = (k-1) . Original + Original – Lowpass	


                   = (k-1) . Original + Highpass	
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k>=1	


w=9k-1	



output filtered image (k=1.4)	

input image	
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Image gradient	



ht
tp

://
en

.w
ik

ip
ed

ia
.o

rg
/w

ik
i/I

m
ag

e_
gr

ad
ie

nt
	



Two types of gradients, with blue arrows to indicate the 
direction of the gradient. Dark areas indicate higher values.	



At each image point, the gradient vector points in the direction of 
largest possible intensity increase, and the length of the gradient 
vector corresponds to the rate of change in that direction.	
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Image gradient (cont’d)	
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€ 

∇f =
∂f
∂x
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 
2

+
∂f
∂y
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

€ 

∂f
∂x

+
∂f
∂y

€ 

θ = tan−1 ∂f
∂y
/∂f
∂x

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

approximation	



edge direction	



€ 

∇f
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Image gradient computation	
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€ 

∂f
∂x

= lim
h→ 0

f (x + h,y) − f (x,y)
h

Sensitive to vertical edges	



input image	



€ 

GX = f (x +1,y) − f (x,y), Δx =1

€ 

∂f
∂y

= lim
h→ 0

f (x,y + h) − f (x,y)
h

€ 

GY = f (x,y +1) − f (x,y), Δy =1 Sensitive to horizontal edges	
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Gradient operator	



€ 

GX = f (x +1,y) − f (x,y)

€ 

GY = f (x,y +1) − f (x,y)

(x+1/2,y)	



(x, y+1/2)	



€ 

GX = f6 − f5

€ 

GY = f5 − f8

The image will be shifted by half a pixel	



€ 

−1 1[ ]
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1
−1
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⎤ 

⎦ 
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f1	

 f2	

 f3	


f4	

 f5	

 f6	



f7	

 f8	

 f9	



€ 

G = GX
2 +GY

2
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Roberts cross operator	



€ 

GX = f (x,y) − f (x +1,y +1)

€ 

GY = f (x +1,y) − f (x,y +1)

(x+1/2,y)	



(x, y+1/2)	
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GX = f5 − f9

€ 

GY = f6 − f8
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f4	
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f7	

 f8	

 f9	
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Sobel operator	
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GX = f (x +1,y −1) + k. f (x +1,y) + f (x +1,y +1)[ ] − f (x −1,y −1) + k. f (x −1,y) + f (x −1,y +1)[ ]

€ 

GX = f3 + k. f6 + f9[ ] − f1 + k. f4 + f7[ ]
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G = GX
2 +GY
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GY = f (x −1,y −1) + k. f (x,y −1) + f (x +1,y −1)[ ] − f (x −1,y +1) + k. f (x,y +1) + f (x +1,y +1)[ ]

The Sobel operator is one of the most commonly used edge detectors	
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GY = f1 + k. f2 + f3[ ] − f7 + k. f8 + f9[ ]
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The Prewitt operator is identical 
to Sobel operator, except that the 
constant k=2 takes on the value 
k=1 instead.	
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Image Laplacian	
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L = LX + LY
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dot product	
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Summary:	




