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Outline

• Introduction

• Class Separability Measure

• Threshold Selection Algorithm
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Introduction

• About Global Thresholding
• Thresholding: assign a binary value to each 

image pixel according to threshold ∗

• Global Thresholding: ∗ is a constant applicable over 
an entire image.
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Introduction

• About Global Thresholding
• Example: An 5x4 image with 8 gray levels (3 bits)
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Introduction

• Formulation (Knowns)
• let pixels of an image be presented in gray levels 

• define normalized histogram of an image as 
 ଵ ିଵ

• 𝑛: number of pixels at gray level 𝑖

• 𝑁: total number of pixels 
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Introduction

• Formulation (Objective)
• find an optimal threshold ∗ subject to a class 

separability measure 

• use ∗ to dichotomize pixels into two classes

• 𝐶ሺ𝑡∗ሻ: pixels with levels ሼ0,1, … , 𝑡∗}

• 𝐶ଵሺt∗ሻ: pixels with levels ሼ𝑡∗  1, … , 𝐿 െ 1ሽ
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Introduction

• Formulation
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Class Separability Measure

• Statistical Terms: Class Occurrence Probability
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Class Separability Measure

• Statistical Terms
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Class Separability Measure

• Statistical Terms
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Class Separability Measure

• Observation
• Pixels in the same class should be with 

homogeneous intensity.
• Variance is a good metric for measuring 

homogeneity.
• low variance  high homogeneity

• high variance  low homogeneity

• Within-Class variance can be applied to evaluate 
the goodness of a threshold 
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Class Separability Measure

• Within-Class Variance ௪
ଶ

• Definition:

• ௪
ଶ -Based Objective Function
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• Within-Class Variance ௪
ଶ
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Class Separability Measure

• Between-Class Variance 
ଶ

• Definition:

• ௪
ଶ -Based Objective Function
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Threshold Selection 
Algorithm

• Initialization
• initialize four statistical variables

• initialize two variables
• 𝑡∗ ൌ 0: optimal threshold
• 𝜎,௫

ଶ ൌ 0: maximal between-class variance
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Threshold Selection 
Algorithm

• Iteration (
• Step 1: update four statistical variables in a  

recursive manner

• Step 2: proceed to the next iteration  if
 ଵ
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Threshold Selection 
Algorithm

• Iteration (
• Step 3: compute  and ଵ

• Step 4: compute between-class variance 
ଶ

• Step 5: update ∗and ,௫
ଶ if 

ଶ
,௫
ଶ
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Threshold Selection 
Algorithm

• Example: Initialization Step
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Algorithm

• Example: (
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Threshold Selection 
Algorithm

• Example:(
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Threshold Selection 
Algorithm

• Example:(

21

0 1 2 3 4 5 6 7

0.2

0.0

0.4

0.6

0.2

0.4

0.1
0.2

0.1

𝑪𝟎 𝑪𝟏

𝒕 ൌ1

𝑝௧ୀଵ ൌ 0.2 𝑡 ൈ 𝑝௧ୀଵ ൌ 0.2 𝜇=
.ଶ
.ଶ

ൌ 1.0

Step 3

𝜇ଵ=
ଶ.଼
.଼

ൌ 3.5

Step 4
𝜎 

ଶ 𝑡 ൌ 0.2 ൈ 0.8
ൈ 1.0 െ 3.5 ଶ ൌ 1.0

𝑡∗1
Step 5

𝜎,௫
ଶ 1.0



Threshold Selection 
Algorithm

• Example
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