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ÿÌĆÂÿâĆÚÿÖËòÚ(Segmentation) ÿÜĆÚÂóäĀÛ¬È
Ã­îâúæáóßîîÂÿÜĆÚë¬èÚã¬îãą ØöćĀÖ¬æñë¬èÚÉñâößøĈÚØöć
Ö¬îÂòÚăÜ ĀÖ¬æñë¬èÚÉñÿÜĆÚßøĈÚØöćÌ÷ćÈîóÉÉñĀØ¬ÚèòÖ×ùØöć
îãú¬ĂÚáóß ÿÌĆÂÿâĆÚÿÖËòÚÉñÿëäĆÉÿâøćîèòÖ×ùØöćÖ­îÈÂóä ×úÂ
ĀÛ¬ÈîîÂăÕ­ëâÛúäÔ° ÝææòßÙ°ØöćăÕ­ÉóÂÂóäÿÌĆÂÿâĆÚÖ°Éñ
ÿÜĆÚÖòèËöĈèòÕÅèóâëČóÿäĆÉĂÚÃòĈÚÖîÚÂóäèõÿÅäóñì°áóß
Õ­èãÅîâßõèÿÖîä°  
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Introduction 
ÅWhat is image segmentation? 
ïTechnically speaking, image segmentation refers 

to the decomposition of a scene into different 
components (thus to facilitate the task at higher 
levels such as object detection and recognition) 
ïScientifically speaking, segmentation is a 

hypothetical middle-level vision task performed by 
neurons between low-level and high-level cortical 
areas 

ÅThere is no ground truth to a segmentation 
task (an example is given in the next slide) 
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Dilemma 

input result 1 result 2 

²Ƙŀǘ Řƻ ǿŜ ƳŜŀƴ ōȅ ά5LCC9w9b¢έ ƻōƧŜŎǘǎΚ 

Another example: when we look at trees at a close distance, we consider  
each of them as a different object; but as we look at trees far away, they  
merge into one coherent object (woods) 
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Overview of Segmentation Techniques 

Texture images 

Document images 

Medical images 

Biometric images 

Range images Texture-based 

Edge-based 

Color-based 

Disparity-based 

Motion-based 
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Edge-based Techniques 

Edge 

detection 

Segmentation 

by boundary  

detection 

Classification 

and analysis 
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Region-Filling 
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Color-Based Techniques 

ÅColor representations 

ïDevice dependent: RGB (displaying) or CMYK (printing) 

ïDevice independent: CIE XYZ or CIELAB (L*a*b*) 

ÅThere are different specifications of RGB color spaces 
(e.g., HP/Microsoft vs. Adobe) 

 

http://upload.wikimedia.org/wikipedia/commons/0/03/RGB_farbwuerfel.jpg
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Color Space Conversion 

Analog 
TV 

Digital 
TV(MPEG) 
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Data Clustering via Kmeans 

Instead of 2D, kmeans can be applied to 3D color space RGB or L*a*b* 
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Texture-based Techniques 

What is Texture? 
 
No one exactly knows. 
 
In the visual arts, texture  
is the perceived surface quality  
of an artwork.  
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Disparity-based Techniques 
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Motion Segmentation 
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Document Segmentation 

ÅDocument images consist 
of texts, graphics, photos 
and so on 

ÅDocument segmentation 
is useful for compression, 
text recognition 

ÅAdobe and Xerox are the 
major players 
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Medical Image Segmentation 

ÅMedical image analysis 
can be used as 
preliminary screening 
techniques to help 
doctors 

ÅPartial Differential 
Equation (PDE) has been 
used for segmenting 
medical images 

active contour model (snake) 
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Range Image Segmentation 

range intensity ground 
truth 
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Biometric Image Segmentation 

ÅFor fingerprint, face and 
iris images, we also need 
to segment out the region 
of interest 

ÅVarious cues can be used 
such as ridge pattern, skin 
color and pupil shape 

ÅRobust segmentation 
could be difficult for 
poor-quality images  



ÂóäÿÌĆÂÿâĆÚÖ°áóßĂÚäñÕòÛæ¬óÈ 
ÅÃòĈÚÖîÚÂóäÿÌĆÂÿâĆÚÖ°áóßÿÂäã°ëÿÂæÉñîóéòãìÚ÷ćÈĂÚëîÈ
ÅùÔëâÛòÖõßøĈÚÑóÚÃîÈÅ¬óÅèóâÿÃ­â ÚòćÚÅøî 
ïÅèóâăâ¬Ö¬îÿÚøćîÈĀæñÅèóâÿÜĆÚÿÚøĈîÿÕöãèÂòÚìäøîÅèóâ
ÿìâøîÚÂòÚ Åèóâăâ¬Ö¬îÿÚøćîÈÉñ×úÂÂČóìÚÕÕ­èãÂóä
ÿÜæöćãÚĀÜæÈîã¬óÈØòÚØöØòÚĂÕÃîÈÅ¬óÅèóâÿÃ­â ÿË¬ÚÃîÛ  

ïë¬èÚÅèóâÿìâøîÚÂòÚÉñĀÛ¬ÈÃ­îâúæîîÂÿÜĆÚë¬èÚąāÕãĀÖ¬æñ
ë¬èÚÉñâöÿÂÔÒ°ÂóäèòÕÅèóâÿìâøîÚÂòÚØöćÂČóìÚÕÃ÷ĈÚ 
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ÅÉñĂË­æóÜæóÿËöãæèõÚāÕè°ÿßøćîÖäèÉìóÉùÕ 
 
Å Laplacian masks have the largest  
coefficient at the center of the mask 
while neighbor pixels have an 
opposite sign.  
 
Å This mask will give the high response to the object that has the  
similar shape as the mask such as isolated points. 

 
Å  Notice that sum of all coefficients of the mask is equal to zero.  
This is due to the need that the response of the filter must be zero  
inside a constant intensity area 
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ÂóäÖäèÉìóÉùÕ 
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ÂóäÖäèÉìóÃîÛ ÉùÕĀæñÿë­Ú 
ÅÂóäÖäèÉìóÅèóâăâ¬Ö¬îÿÚøćîÈĂÚáóßäñÕòÛëöÿØóÉñăÕ­ë¬èÚØöćÿÜĆÚÃîÛ ÉùÕĀæñÿë­Ú  

ÅÂóäÖäèÉìóÉùÕ 
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ÂóäÖäèÉìóÉùÕîã¬óÈÈ¬óãÉñĂË­ÖòèÂäîÈæóÜæóëÿâøćîÚČóáóßăÜÅîÚāèæúËòÚÂòÛ
ÖòèÂäîÈÂĆÉñăÕ­ÝææòßÙ°(äúÜÂæóÈ) ÿâøćîÚČóăÜÿØäëāïæÕ°ÂĆÉñăÕ­ÉùÕ (äúÜÃèó) 

Location of 

 porosity 



ÂóäÖäèÉìóÿë­Ú 
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ÅØöćĂì­ìóÿë­ÚĂÚĀÚèÚîÚ 45 îÈéó ĀÚèÖòĈÈ Āæñ ς45îÈéó ÿâøćîÚČóĀÖ¬æñÖòèÂäîÈăÜÖäèÉìóÿë­Ú
ĂÚĀÖ¬æñĀÚèÂĆÉñăÕ­ÝææòßÙ°ÕòÈäúÜ 

 
 
 
 
 
 
 
 ĀÚèÚîÚ       45 îÈéó         ĀÚèÖòĈÈ 135îÈéó 
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ÂóäÖäèÉìóÿë­Ú (Ö¬î) 
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ÿâøćîÚČóÝææòßÙ°ÃîÈÖòèÂäîÈØòĈÈëöćØõéØóÈâó
äèâÂòÚ āÕãÿæøîÂÿÊßóñÅ¬óëúÈëùÕÉóÂÖòèÂäîÈ
ØòĈÈëöćØõéÂĆÉñăÕ­ 



ÂóäÖäèÉìóÿë­ÚÕ­èãÂóäĀÜæÈïòà(Hough Transform) 
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ÅProblem: fit a straight line (or curve) to a set of 
edge pixels 
ÅHough transform (1962): generalized template 

matching technique 

ÅConsider detection of straight lines: ώ άὼ ὧ 



Hough transform (cont.) 
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ÅSubdivide (m,cύ ǇƭŀƴŜ ƛƴǘƻ ŘƛǎŎǊŜǘŜ άōƛƴǎΣέ ƛƴƛǘƛŀƭƛȊŜ ŀƭƭ ōƛƴ 
counts by 0 
ÅDraw a line in the parameter space m,c for each edge pixel 

x,y and increment bin counts along line. 
ÅDetect peak(s) in (m,c) plane 



Hough transform (cont.) 
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Alternative parameterization avoids infinite-slope problem 

Similar to Radon transform 

Calculation of the 
Hough transform 
and its inverse 



Hough transform and 
inverse Hough transform 
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ÅWith the Hough transform with 
 Ȅ Ŏƻǎ ̒ Ҍ ȅ ǎƛƴ ̒ Ґ ́  
      a point (x,y) in the image becomes a 
sinusoid in the Hough parameter space. 
ÅWith the inverse Hough transform with 
 Ȅ Ŏƻǎ ̒ Ҍ ȅ ǎƛƴ ̒ Ґ ́  
a point (́ Σʻ) in the Hough parameter space 
becomes a line in the image. 



Discrete implementation and 
relation to the Radon transform 
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When the loop 
variables are changed, 
the Hough transform 
turns into the Radon 
transform. 

For all (x,y) where f(x,y)!=0 
 For all (́ , )̒ where x cos̒ +y sin̒  =  ́
  H(́ , )̒:= H(́ , )̒ + f(x,y) 
 END 

END 

The Radon transform 
are known from 
computer tomography 
(CT). It performs line 
integrals through the 
object function f(x,y) 

For all (r,̒ ) 
 For all (x,y) where x cos̒ +y sin̒  =  ́
  H(́ , )̒:= H(́ , )̒ + f(x,y) 
 END 

END 

Hough transform 

Radon transform 



Hough transform Example A 
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Hough transform Example B 
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Hough transform Example C 
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Hough transform example 
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Line detection with the Hough transform 
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a) b) 
c) d) 
 
a) Infrared image of 

an airport. 
b) Thresholded 
magnitude of the 
gradient. 
c) Hough transform 

d) Inverse Hough 
transform of the 3 
strongest peeks in 
c) combined with 
linking of gaps 
< 5 pixels. 
Then overlaid on 
a). 



Circle detection by Hough transform 
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ὼ ὧ ώ ὧ ὧσ  

ĂÚÂäÔöÚöĈÿäóÉñÖäèÉìóëóâÖòèĀÜäÅøî ὧȟὧĀæñ ὧ ĂÚÜäõâóÖä ὃὭȟὮȟὯ 
āÕãÿäõćâÉóÂĂË­ ὧĀæñ ὧ ÿßøćîĀÂ­ëâÂóäìó ὧ ÿË¬ÚÿâøćîÖ­îÈÂóäìóÉùÕØöćÿËøćîâÖ¬î
ÂòÚÿÜĆÚèÈÂæâ 



Hough transform and inverse 
Hough transform of circles 
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Å With the Hough transform with 
ὼ ὧ ώ ὧ ὧσ  

a point (ὧ, ὧ) in the image becomes a circle in the 
Hough parameter space. 
Å With the inverse Hough transform with 

ὼ ὧ ώ ὧ ὧσ  
a point (x,y) in the Hough parameter space 
becomes a circle in the image. 

For all (ὧ, ὧ) where b(ὧ, ὧ)!=0 
 For all (x,y,c3) where ὼ ὧ ώ ὧ ὧσ  
  c(x,y, c3):= c(x,y, c3) + b(ὧ, ὧ) 
 END 
END 

Hough 
transform 



Calculation of the Hough transform for circles 

34 

ό hҍ Ȅύ ό̡ ҍ ȅύ Ґ ὶ 



Example: circle detection by Hough transform 
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