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Lecture 9: Image segmentation
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Week Date Topics
1 Sep. 4 Introduction/Imaging

2 Sep. 11 Image enhancement in spatial domain

3 Sep. 18 Image enhancement in frequency domain (HW1 out)

4 Sep. 25 Morphological processing

5 Oct. 2 Image restoration(HW1 due)

6 Oct. 9 Image restoration

7 Oct. 16 Midterm (no tutorials this week)

8 Oct. 23 Edge detection (HW2 out, illustrate the project)

9 Oct. 30 Image segmentation (HW2 due)

10 Nov. 6 Face recognition with PCA, LDA (tutorial on deep learning framework)

11 Nov. 13 Face recognition based on deep learning
Image segmentation based on deep learning (tutorial on coding)

12 Nov. 20 Object detection with traditional methods (Quiz)
Object detection based on deep learning 

13 Nov. 27 Project presentation and summary

14 Dec. 4 Review and Summary

Schedules



Review: Segmentation – Categories

 Edge-based Segmentation
 Finding boundary between adjacent regions

 Threshold-based Segmentation
 Finding regions by grouping pixels of similar gray values

 Region-based Segmentation
 Finding regions directly using growing or splitting

 Motion-based Segmentation
 Finding regions by comparing successive frames of a video 

sequence to identify regions that correspond to moving objects
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Review: Edge-based Segmentation

 Finding discontinuities (sharp, local changes in intensity) as 
boundary of regions

 Discontinuities in digital images (Spatial filters)
 Point (Laplacian)
 Line (horizontal, -45 degree, vertical, 45 degree)
 Edges (Roberts, Prewitt, Sobel, LOG, Canny)

 Techniques
 Point detection
 Edge (pixel) detection
 Edge formation from edge pixels – Edge linking, Hough Transform
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Outline

 Thresholding
 Overview
 Basic Global Thresholding
 Optimum Global Thresholding (OSTU)
 Multiple Thresholding
 Variable Thresholding

 Region based segmentation
 Region grow
 K-means method
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Overview

 Suppose the intensity histogram of an image, f(x,y) 
composed of light objects on a dark background. Assuming 
that the intensity values are grouped into two dominant 
modes in the distribution.
 Obvious method – extract the objects (light) from the 

background (dark) by selecting a threshold, T, that 
separates these modes
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Overview

 Any point (x,y) in the image at which f(x,y) > T is called an 
object point, otherwise, it is called a background point
 The segmented (thresholded) image, g(x,y) is:

 T is a constant applicable over an entire image – Global 
Thresholding
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Basics of Intensity Thresholding

 A histogram with three dominant modes (two light objects 
on a dark background) – Multiple Thresholding classifies a 
point (x,y) as belonging to the background if f(x,y) ≤ T1, to 
one object class if T1 < f(x,y) ≤ T2, and to the other object 
class if f(x,y) > T2
 The segmented image is given by:
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Effect of Noise

 With the added Gaussian noise, there is no way to 
differentiate between the two modes!
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Effect of Illumination & Reflectance

 Nonuniform illumination causes the deep valley between 
peaks to be corrupted to the point where separation of the 
modes is no longer possible
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Key Factor – The Valleys

 Intuitively, we can say that the success of intensity 
thresholding is directly related to the width and depth of 
the valley(s) separating the histogram modes
 Key factors affecting the properties of the valley(s):
 Separation between peaks
 Noise content
 Relative size of objects and background
 Uniformity of illumination source
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Outline

 Thresholding
 Overview
 Basic Global Thresholding
 Optimum Global Thresholding (OSTU)
 Multiple Thresholding
 Variable Thresholding

 Region based segmentation
 Region grow
 K-means method
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Basic Global Thresholding

 Global thresholding may be sufficient when there is enough 
variability between images (distribution of object pixels and 
background pixels are sufficiently distinct)
 Even if global thresholding is a suitable approach, we need 

an algorithm to automatically estimate the threshold value 
for each image
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Algorithm: Basic Global Thresholding
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Algorithm: Basic Global Thresholding
 Select an initial estimate for the global threshold, T

 Threshold the image using T. This will produce two groups of 
pixels: G1 consisting of all pixels with intensity values > T, and G2
consisting of pixels with values ≤ T.

 Compute the average (mean) intensity values m1 and m2 for the 
pixels in G1 and G2, respectively.

 Compute a new threshold value:

 Repeat Steps 2 through 4 until the difference between values of 
T in successive iterations is smaller than a predefined parameter 
ΔT.
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Basic Global Thresholding

 This simple algorithm works well in situations where there 
is a reasonably clear valley between modes of the 
histogram
 Parameter ΔT is used to control the number of iterations 

when speed is an important issue
 Larger ΔT, fewer iterations, faster
 Smaller ΔT, more iterations, slower

 The average intensity of the image is a good initial choice 
for T.
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Basic Global Thresholding
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Basic Global Thresholding
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Disadvantages

 Basic Global Thresholding requires successive calculation of 
means (for both groups of pixels) at each step

 It is possible to develop a more efficient and accurate 
procedure by expressing all computations in terms of the 
image histogram, which has to be computed only once
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Outline

 Thresholding
 Overview
 Basic Global Thresholding
 Optimum Global Thresholding (OSTU)
 Multiple Thresholding
 Variable Thresholding

 Region based segmentation
 Region grow
 K-means method

20



Optimum Global Thresholding

 View thresholding as a statistical-decision theory problem

 Objective: Minimize the average error incurred in assigning 
pixels to two or more groups (or classes)

 Solution – based on only two parameters
 The probability density function (PDF) of intensity levels of each 

class

 Probability of each class in the application

 Estimating PDFs is a common problem

 Alternative: Otsu's Method
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Otsu's Method

 Maximizes the between-class variance
 Basic idea: Well-thresholded classes should be distinct with 

respect to the intensity values of pixels
 A threshold giving the best separation between classes in 

terms of intensity values will be the best (optimum) 
threshold
 Histogram of image – does create a PDF of intensity values
 To measure the ratio of between-class variance to global 

variance
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Otsu's Method
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Otsu's Method
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Otsu's Method

25



Otsu's Method
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Otsu's Method
 By a bit of manipulation, you can calculate what is called

the between class variance, which is far quicker to calculate.
Luckily, the threshold with the maximum between class variance
also has the minimum within class variance. So it can also be
used for finding the best threshold and therefore due to being
simpler is a much better approach to use.

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Example (1)
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Example (2)

 The simple 6x6 image and its histogram is shown below. In 
this image, only 6 greyscale levels are used.
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When the threshold is 3, the calculation of background

When the threshold is 3, the calculation of foreground

Within-Class Variance



Example (2)
 This same calculation needs to be performed for all the possible threshold values 0 to 

5. 
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Example (2)
 The threshold equal to 3 has the lowest sum of weighted variances. Therefore, this is 

the final selected threshold. All pixels with a level less than 3 are background, all 
those with a level equal to or greater than 3 are foreground. 
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Example (3): Within class variance
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Example (3): Between Class Variance
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Using smoothing to Improve Global Thresholding
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Using Edges to Improve Global Thresholding
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Outline

 Thresholding
 Overview
 Basic Global Thresholding
 Optimum Global Thresholding (OSTU)
 Multiple Thresholding
 Variable Thresholding

 Region based segmentation
 Region grow
 K-means method
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Multiple Thresholds
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Multiple Thresholds

 Objective: Segment image into three regions – the dark 
background, illuminated area of iceberg, area in shadows
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Outline

 Thresholding
 Overview
 Basic Global Thresholding
 Optimum Global Thresholding (OSTU)
 Multiple Thresholding
 Variable Thresholding

 Region based segmentation
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Variable Thresholding

 In certain cases, preprocessing methods can be either 
impractical or simply still ineffective in improving the 
accuracy of thresholding.
 Variable thresholding (or adaptive thresholding) techniques 

can be used
 Threshold values can made to change or vary according to 

local image regions
 One of the simplest approach – Image Partitioning
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Image Partitioning

 Subdivide an image into non-overlapping rectangles (areas)
 Compensate for non-uniformities in illumination 
 Rectangles are to be chosen small enough so that illumination is 

approximately uniform
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Image Partitioning
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Outline

 Thresholding
 Overview
 Basic Global Thresholding
 Optimum Global Thresholding (OSTU)
 Multiple Thresholding
 Variable Thresholding

 Region based segmentation
 Region grow
 K-means method
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Region Growing

 Procedure that groups pixels or subregions into larger 
regions based on predefined criteria for growth

 Basic approach: 
 Start with a set of “seed” points 
 Grow regions by appending to each seed those neighbouring pixels 

that have predefined properties similar to the seed (intensity, 
color, etc.)

 Region growing based techniques are better than the edge-
based techniques in noisy images where edges are difficult 
to detect.
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Region grow: steps

 Select a seed points
 Define a growth criteria
 Joint all pixels connected to the seed that follow the growth 

criteria
 Stop when no adjacent pixel agree with the growth criteria
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Example (1)
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(b) First result after region grow

(d) Third result after region grow

 Region Grown with 8-Connectivity
 Seed: (8)
 Criteria: the difference between two pixels is small than 1

(c) Second result after region grow

(a) Original image with seed



Example (2)
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Example (2)
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Example (2)
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 Region Grown with 4-Connectivity



Example (2)

 Region Grown with 8-Connectivity
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Example (3)
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Example (3)
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Outline

 Thresholding
 Overview
 Basic Global Thresholding
 Optimum Global Thresholding (OSTU)
 Multiple Thresholding
 Variable Thresholding

 Region based segmentation
 Region grow
 K-means method
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K-means Clustering

 One of the most commonly-used clustering algorithms, 
because it is easy to implement and quick to run.
 Clustering means grouping similar data together
 From a set of data points, K-means attempts to classify all 

data points into K clusters
 K clusters may represent K segments of an image
 The algorithm is iterative in nature and not confined to 

image segmentation
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K-means: Steps

 Partition the data points into K clusters randomly. Find the 
centroids of each cluster.

 For each data point:
 Calculate the distance from the data point to each cluster.
 Assign the data point to the closest cluster.

 Recompute the centroid of each cluster.

 Repeat steps 2 and 3 until there is no further change in the 
assignment of data points (or in the centroids).
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Kmeans Convergence
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Kmeans Convergence

 Each iteration includes two steps
 Assign points to clusters
 Recompute the cluster centers
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kmeans

 Workflow

58



Example (1)

 Pick k random points as cluster centers (means), Here K=2
 Iterative step 1: assign data points to closest cluster center
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Example (1)

 Iterative step 2: change the cluster center to the average of 
the assigned points
 Assign data points to closest cluster center
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Example (1)

 Iterative step 3: change the cluster center to the average of 
the assigned points
 Assign data points to closest cluster center
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Example (1)

 Repeat until convergence
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Example (1)
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Example (2)

 Use K=2, suppose A and C are randomly selected as the 
initial means

64



Example (2)

 Compute distances between each of the cluster means and 
all other points
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Example (2)

 Assign each case to the cluster having the closest mean. 
Recalculate the cluster means.
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Example (2)

 Compute distances between each of the cluster means and 
all other points
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Example (2)

 Assign each case to the cluster having the closest mean. 
Recalculate the cluster means.
 Algorithm has converged-recalculating distances, 

reassigning cases to cluster results in no change. This is the 
final solution
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Example (2)

 Algorithm has converged-recalculating distances, 
reassigning cases to clusters results in no change, this is the 
final solution.
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Example (3)
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Example (3)
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Example (3)
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Example (4)
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Example (4)

74



K-means

 Advantages
 Easy for implementation and high-speed performance
 Measurable and efficient in large data collection

 Disadvantages
 Selection of optimal number of clusters is difficult
 Selection of the initial centroids is random, and different 

initializations lead to different results.
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K-means

 The solution found is locally optimal, but not globally 
optimal
 Because the solution depends on the initial assignment of 

instances to clusters, random restarts will give different 
solutions
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