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• Review 

▫ Non-linear Filters 

▫ Sharpening Filters 

• Morphology 

• Connected Components 
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Median Filtering 
• Sometimes linear filtering is not sufficient  

▫ Non-linear neighborhood operations are required 
• Median filter – replaces the center pixel in a mask 

by the median of its neighbors 
▫ Non-linear operation, computationally more expensive 
▫ Provides excellent noise-reduction with less blurring 

than smoothing filters of similar size (edge preserving) 
 For impulse and salt-and-pepper noise 
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Bilateral Filtering 

• Combine the idea of a weighted filter kernel with 
a better version of outlier rejection 

▫ 𝛼-trimmed mean calculates average in 
neighborhood excluding the 𝛼 fraction that are 
smallest or largest 

• 𝑤 𝑖, 𝑗, 𝑘, 𝑙 = 𝑑(𝑖, 𝑗, 𝑘, 𝑙) × 𝑟(𝑖, 𝑗, 𝑘, 𝑙) 
▫ 𝑑(𝑖, 𝑗, 𝑘, 𝑙) - domain kernel specifies “distance” 

similarity between pixels (usually Gauassian) 

▫ 𝑟(𝑖, 𝑗, 𝑘, 𝑙) – range kernel specifies “appearance 
(intensity)” similarity between pixels 
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Bilateral Filtering Example 
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Sharpening Filters 

• Sharpening filters are used to highlight fine 
detail or enhance blurred detail 

▫ Differentiation (difference in discrete case) 

 

• Discrete approximation of a derivative 

▫
𝜕𝑓

𝜕𝑥
= 𝑓 𝑥 + 1 − 𝑓(𝑥) 

▫
𝜕𝑓

𝜕𝑥
= 𝑓 𝑥 + 1 − 𝑓(𝑥 − 1) 

 Center symmetric 

• Second-order derivative 

▫
𝜕2𝑓

𝜕𝑥2
= 𝑓 𝑥 + 1 + 𝑓 𝑥 − 1 − 2𝑓(𝑥) 
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Difference Properties 
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• Zero in constant segments 

• Non-zero at intensity transition 

 

• 1st derivative 

▫ Non-zero along ramps 

 Thick edges 

• 2nd derivative 

▫ Zero along ramps  

 Thin edges 

 

• 2nd order filter is more 
aggressive at enhancing sharp 
edges 

▫ Notice: the step gets both a 
negative and positive 
response  double line 

 



Discrete Laplacian 
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• The Laplacian is simplest 
isotropic derivative operator 

▫ 𝛻2𝑓 =
𝜕2𝑓

𝜕𝑥2
+

𝜕2𝑓

𝜕𝑦2 

▫ Isotropic – rotation invariant 

 Rotations of 90°  zeros in 
corners 

 Rotations of 45°  ones in 
corners 

• Center pixel sign indicates 
light-to-dark or dark-to-light 
transitions 

 



Sharpening Images 

9 

• Sharpened image created by 
addition of Laplacian 

▫ 𝑔 𝑥, 𝑦 =

 
𝑓 𝑥, 𝑦 − 𝛻2𝑓(𝑥, 𝑦) 𝑤 0,0 < 0

𝑓 𝑥, 𝑦 + 𝛻2𝑓(𝑥, 𝑦) 𝑤 0,0 > 0
 

 

• Notice: the use of diagonal 
entries creates much sharper 
output image 

 

• How can we compute 𝑔(𝑥, 𝑦) 
in one filter pass without the 
image addition? 

▫ Think of a linear system 

 



Unsharp Masking 
• Edges can be obtained by subtracting 

a blurred version of an image 

▫ 𝑓𝑢𝑠 𝑥, 𝑦 = 𝑓 𝑥, 𝑦 − 𝑓 𝑥, 𝑦  

▫ Blurred image 

 𝑓 𝑥, 𝑦 = ℎblur ∗ 𝑓(𝑥, 𝑦) 

• Sharpened image 

▫ 𝑓𝑠 𝑥, 𝑦 = 𝑓 𝑥, 𝑦 + 𝛾𝑓𝑢𝑠 𝑥, 𝑦  
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The Gradient 
• 1st derivatives can be useful for 

enhancement of edges 

▫ Useful preprocessing before 
edge extraction and interest 
point detection 

• The gradient is a vector 
indicating edge direction 

▫ 𝛻f =
𝐺𝑥
𝐺𝑦

=

𝜕𝑓

𝜕𝑥
𝜕𝑓

𝜕𝑦

 

• The gradient magnitude can be 
approximated as 

▫ 𝛻𝑓 ≈ 𝐺𝑥 + 𝐺𝑦  

▫ This give isotropic results for 

rotations of 90° 

• Sobel operators 

▫ Have directional sensitivity  

▫ Coefficients sum to zero 

 Zero response in constant 
intensity region 
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𝐺𝑥 𝐺𝑦 



Morphological Image Processing 
• Filtering done on binary images 

▫ Images with two values [0,1], [0, 255], [black,white] 
▫ Typically, this image will be obtained by thresholding 

 𝑔 𝑥, 𝑦 =  
1 𝑓 𝑥, 𝑦 > 𝑇
0 𝑓(𝑥, 𝑦) ≤ 𝑇

 

• Morphology is concerned with the structure and 
shape  

• In morphology, a binary image is convolved with a 
structuring element 𝑠 and results in a binary image 
 

• See Chapter 9 of Gonzalez and Woods for a more 
complete treatment 

• Matlab 
▫ http://www.mathworks.com/help/images/pixel-

values-and-image-statistics.html 
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Mathematical Morphology 

• Tool for extracting image components that are 
useful in the representation and description of 
region shape 
▫ Boundaries, skeletons, convex hull, etc. 

• The language of mathematical morphology is set 
theory 
▫ A set represents an object in an image 

 

• This is often useful in video processing because 
of the simplicity of processing and emphasis on 
“objects” 
▫ Handy tool for “clean up” of a thresholded image 
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Morphological Operations 
• Threshold operation 

▫ 𝜃 𝑓, 𝑡 =  
1 𝑓 ≥ 𝑡
0 else

 

• Structuring element  
▫ 𝑠 – e.g. 3 x 3 box filter (1’s indicate 

included pixels in the mask) 

▫ 𝑆 – number of “on” pixels in 𝑠 

• Count of 1s in a structuring element 

▫ 𝑐 = 𝑓 ⊗ 𝑠 

▫ Correlation (filter) raster scan 
procedure 

 

 

 

 

• Basic morphological operations can 
be extended to grayscale images 

• Dilation 

▫ dilate 𝑓, 𝑠 = 𝜃(𝑐, 1) 

▫ Grows (thickens) 1 locations 

• Erosion 

▫ erode 𝑓, 𝑠 = 𝜃(𝑐, 𝑆) 

▫ Shrink (thins) 1 locations 

• Opening 

▫ open 𝑓, 𝑠 = dilate(erode 𝑓, 𝑠 , 𝑠) 

▫ Generally smooth the contour of an 
object, breaks narrow isthmuses, 
and eliminates thin protrusions 

• Closing 

▫ close 𝑓, 𝑠 = erode(dilate 𝑓, 𝑠 , 𝑠) 

▫ Generally smooth the contour of an 
object, fuses narrow 
breaks/separations, eliminates 
small holes, and fills gaps in a 
contour 
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Morphology Example 

• Dilation - grows (thickens) 1 locations 
• Erosion - shrink (thins) 1 locations 
• Opening - generally smooth the contour of an object, 

breaks narrow isthmuses, and eliminates thin 
protrusions 

• Closing - generally smooth the contour of an object, 
fuses narrow breaks/separations, eliminates small holes, 
and fills gaps in a contour 
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Note: Black is “1” location 



More Morphology 

• Chapter 9 Gonzalez and Woods 

 

• Logic Operations on Binary Images 

• Erosion 

• Dilation 

• Opening  

• Closing 
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Binary Image Logic Operations 
• Extension of basic logic 

operators 

▫ NOT, AND, OR, XOR 

 

• Often use for “masking” 
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Structuring Elements 

• The structuring element (SE) can be any shape 

▫ This is a mask of “on” pixels within a rectangular 
container 

▫ Typically, the SE is symmetric 
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Erosion 
• Retain only pixels where the 

entire SE is overlapped 

▫ 𝐴⊖𝐵 = {𝑧|(𝐵)𝑧 ⊆ 𝐴} 

 𝐴 – image 

 𝐵 – SE 

 𝑧 – displacements (x,y 
locations) 
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Dilation 
• Output image is “on” 

anywhere the SE touches an 
“on” pixel 

▫ 𝐴⊕𝐵 = {𝑧|(𝐵)𝑧 ∩ 𝐴 ≠ ∅} 

 𝐴 – image 

 𝐵 – SE 

 𝑧 – displacements (x,y 
locations) 
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Opening 

• All pixels that fit inside when the SE is “rolled” 
on the inside of a boundary  

▫ 𝐴 ∘ 𝐵 =∪ {(𝐵)𝑧|(𝐵)𝑧 ⊆ 𝐴} 
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Closing 

• All pixels that fit inside when the SE is “rolled” 
on the outside of a boundary  
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Opening/Closing Examples 
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Other Morphological Operations 
• Boundary extraction   

▫ 𝛽 𝐴 = 𝐴 − (𝐴⊖ 𝐵) 

▫ Subtract erosion from 
original  

▫ Notice this is an edge 
extraction 

 

• Convex hull (𝐻) 

▫ Smallest convex set that 
contains another set 𝑆 

▫ This is often done for a 
collection of 2D or 3D points 

▫ bwconvhull.m 
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Connected Components 
• Semi-global image operation to provide consistent labels to similar 

regions 

▫ Based on adjacency concept  

• Most efficient algorithms compute in two passes 

 

 

 

 

 

 

 

 

• More computational formulations (iterative) exist from morphology 

▫ 𝑋𝑘 = 𝑋𝑘−1 ⊕𝐵 ∩ 𝐴 
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Connected component Structuring element 

Set 



More Connected Components 

• Typically, only the “white” pixels will be considered 
objects 
▫ Dark pixels are background and do not get counted 

• After labeling connected components, statistics from 
each region can be computed  
▫ Statistics describe the region – e.g. area, centroid, 

perimeter, etc. 

 
• Matlab functions 

▫ bwconncomp.m, labelmatrix.m (bwlabel.m)- 
label image 

▫ label2rgb.m – color components for viewing 
▫ regionprops.m – calculate region statistics 
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Connected Component Example 
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Grayscale image Threshold image 

Opened Image Labeled image – 91 grains of rice 


