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What is Image Segmentation?  

       There are many definitions: 

Segmentation subdivides an image into its 

constituent regions or objects  

Segmentation is a process of grouping together 

pixels that have similar attributes  

Image segmentation is the process of 

partitioning an image into multiple segments- 

more meaningful and easier to analyze. 



Introduction to image segmentation 

 The purpose of image segmentation is to 
partition an image into meaningful regions 
with respect to a particular application  

 The segmentation is based on - 
intensitylevel, colour, texture, depth or 
motion  
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Why segmentation is difficult ? 

It can be difficult for many reasons: 

•Non- uniform illumination 

•No control of the environment 

•Inadequate model of the object of interest 

•Noise  



5 

Principal approaches 

 generally, Segmentation algorithms are 
based on one of 2 basis properties of 
intensity values 
 discontinuity  : to partition an image based 

on sharp changes in intensity (such as edges) 
 similarity       : to partition an image into 

regions that are similar according to a set of 
predefined criteria. 



Four types of segmentation 

 

 Thresholding: Based on pixel intensities, often 
using the shape of the histogram for automation. 

 Region-based: Group similar pixels: region growing, 
merge & split. 

 Edge-based: Search for discontinuities in the 
image, and try to connect objects or borders 
(often by a region-based technique). 

 Match-based: Comparison to a template  
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Dilemma 

input result 1 result 2 

What do we mean by “DIFFERENT” objects? 

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) 



Principal approaches 

 Segmentation algorithms generally are 
based on one of 2 basis properties of 
intensity values 
 discontinuity  : to partition an image based 

on abrupt changes in intensity (such as 
edges) 

 similarity       : to partition an image into 
regions that are similar according to a set  
of predefined criteria. 
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Detection of Discontinuities 

 detect the three basic types of gray-
level discontinuities 
 points , lines , edges 

 the common way is to run a mask through 
the image  
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Point Detection 

 a point has been detected at the location 
on which the mark is centered if 

|R|  T 

 where  
 T is a nonnegative threshold  

 R is the sum of products of the coefficients 
with the gray levels contained in the region 
encompassed by the mark. 
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Example 
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Point Detection 
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I  = imread('circuit.tif'); 
W=[-1 -1 -1;-1 8 -1;-1 -1 -1]; 
L=imfilter(I,W); 
T=150; 
L=L>=T; 
figure;imshow(I); 
figure;imshow(L); 



Line Detection 

 Horizontal mask will result with max response when a 
line passed through the middle row of the mask with a 
constant background. 

 the similar idea is used with other masks. 
 note: the preferred direction of each mask is weighted 

with a larger coefficient (i.e.,2) than other possible 
directions. 
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Line Detection -MATLAB code 
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I  = imread('circuit.tif'); 
W=[-1 -1 -1;2 2 2;-1 -1 -1]; 
L=imfilter(I,W); 
figure;imshow(I); 
figure;imshow(L); 
 
 



Example 
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Edge Detection 

 the most common approach for detecting 
meaningful discontinuities in gray level. 

 Here we will discuss approaches for implementing 
 first-order derivative (Gradient operator) 

 second-order derivative (Laplacian operator) 
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Ideal and Ramp Edges 

because of optics, 
sampling, image 
acquisition 
imperfection 10-Jul-20 17 



Thick edge 

 The slope of the ramp is inversely proportional to the 
degree of blurring in the edge. 

 We no longer have a thin (one pixel thick) path. 
 Instead, an edge point now is any point contained in the 

ramp, and an edge would then be a set of such points 
that are connected.  

 The thickness is determined by the length of the ramp. 
 The length is determined by the slope, which is in turn 

determined by the degree of blurring. 
 Blurred edges tend to be thick and sharp edges 

tend to be thin 
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First and Second derivatives 

the signs of the derivatives 
would be reversed for an edge 
that transitions from light to 
dark 
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Second derivatives 

 produces 2 values for every edge in an 
image (an undesirable feature) 

 an imaginary straight line joining the 
extreme positive and negative values of 
the second derivative would cross zero 
near the midpoint of the edge. (zero-
crossing property) 
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Gradient Operator 

 first derivatives are implemented using 
the magnitude of the gradient. 
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Gradient direction 

 Let  (x,y) represent the direction angle 
of the vector f at (x,y) 

 (x,y) = tan-1(Gy/Gx) 

 The direction of an edge at (x,y) is 
perpendicular to the direction of the 
gradient vector at that point 
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Gradient Masks 
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Diagonal edges with Prewitt  
and Sobel masks 

Sobel masks have 
slightly superior 
noise-suppression 
characteristics which 
is an important issue 
when dealing with 
derivatives. 
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Laplacian 
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canny 



Edge Detection- MATLAB Code 

I = imread('coins.png');  

BW1 = edge(I,'prewitt'); 

BW2 = edge(I,'canny');  

imshow(BW1);title('edge Detection Using 
Prewit')  

figure, imshow(BW2);title('edge Detection 
Using canny') 
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Thresholding 
image with dark 
background and  
a light object 

image with dark 
background and  
two light objects 
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r=imread('rice.tif'); 
 imshow(r),figure,imshow(r>110) 



Global Thresholding- 
MATLAB code 

I = imread('coins.png'); 
 level = graythresh(I);  
BW = im2bw(I,level);  
imshow(BW); 
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The Role of Illumination 

 f(x,y) = i(x,y) r(x,y) 

a). computer generated 
reflectance function 
b). histogram of 
reflectance function 
c). computer generated 
illumination function 
(poor) 
d). product of a). and c). 
e). histogram of product 
image 

easily use global thresholding 
object and background are separated 

difficult to segment 10-Jul-20 30 



Basic Adaptive Thresholding 

 subdivide original image into small areas. 

 utilize a different threshold to segment 
each subimages. 

 since the threshold used for each pixel 
depends on the location of the pixel in 
terms of the subimages, this type of 
thresholding is adaptive. 
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Example : Adaptive Thresholding 
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clc;close all;clear all; 
c=imread('circles.png'); x=ones(256,1)*[1:256]; 
c2=double(c).*(x/2+50)+(1-double(c)).*x/2; 
c3=uint8(255*mat2gray(c2));imshow(c); 
t=graythresh(c3);ct=im2bw(c3,t);figure,imshow(ct); 
p1=c3(:,1:64);p2=c3(:,65:128); 
p3=c3(:,129:192);p4=c3(:,193:256); 
g1=im2bw(p1,graythresh(p1)); 
g2=im2bw(p2,graythresh(p2)); 
g3=im2bw(p3,graythresh(p3)); 
g4=im2bw(p4,graythresh(p4)); 
figure;imshow([g1 g2 g3 g4]); 
 

Adaptive Thresholding 



Connected Component 
Analysis  
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MATLAB function 
    CC = bwconncomp(BW) 
          Connected components, returned as a structure 
with four fields 
 
 

Field Description 

Connectivity Connectivity of the connected components (objects) 

ImageSize Size of BW 

NumObjects Number of connected components (objects) in BW 

PixelIdxList 1-by-NumObjects cell array where the k-th element in the 
cell array is a vector containing the linear indices of the 
pixels in the k-th object. 



Connected Component 
 Analysis  
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MATLAB function 
       stats = regionprops(BW,properties) 

Property Name 

'Area''BoundingBox''Centroid''ConvexArea''ConvexHull‘ 

'ConvexImage''Eccentricity''EquivDiameter''EulerNumber''Extent‘ 

'Extrema''FilledArea''FilledImage''Image''MajorAxisLength‘ 

'MinorAxisLength''Orientation''Perimeter''PixelIdxList''PixelList‘ 

'Solidity''SubarrayIdx' 
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