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Introduction 

IPCV-LAB research 



Thresholding algorithms 



Maximum likelihood thresholding algorithms 

Image formation model 

Information Source 



Information Source 
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                           𝑃: {𝑡ℎ, 𝑆0, 𝑆1, 𝑤0, 𝑤1} 

𝑃𝐷𝐹𝑆 𝑖; 𝑃  = 

Maximum likelihood thresholding algorithms 



Optimum parameters 

𝑃: {𝑡ℎ, 𝑆0, 𝑆1, 𝑤0, 𝑤1} 

Maximum likelihood thresholding algorithms 



Likelihood function maximization 

ln 𝑝 𝐼 𝑡ℎ =  𝑐0,𝑡ℎ ∗ 𝑁 ∗ ln 𝑤0 + 𝑐1,𝑡ℎ ∗ 𝑁 ∗ ln 𝑤1 + ℎ 𝑖 ln 𝑃𝐷𝐹0
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Maximum likelihood thresholding algorithms 



Kittler, Kurita and Otsu’s algorithms 
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𝑃: {𝑡ℎ, 𝜇0, 𝜎0
2, 𝜇1, 𝜎1

2, 𝑤0, 𝑤1} 

Model based in two-parameter Gaussian 
distributions 

 

𝑃𝐷𝐹𝑆 𝑖; 𝑃 = 



Likelihood function 
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𝑃 0, 𝑃 1, … , 𝑃 𝑡ℎ, … , 𝑃 254, 𝑃 255  

𝑡ℎ →  {𝜇0,𝑡ℎ, 𝜎0,𝑡ℎ
2 , 𝜇1,𝑡ℎ, 𝜎1,𝑡ℎ

2 , 𝑤0,𝑡ℎ, 𝑤1,𝑡ℎ} 

𝑃: {𝑡ℎ, 𝜇0, 𝜎0
2, 𝜇1, 𝜎1

2, 𝑤0, 𝑤1} 

Optimum parameters estimation 

Kittler, Kurita and Otsu’s algorithms 



Proposed algorithm 

Four-parameter gamma distribution 

𝑃𝐷𝐹 𝑖; 𝑃 =
1

𝛽α ∗ Γ(α)
𝜆 𝑖 − 𝜑

α−1
𝑒
−𝜆 𝑖−𝜑

𝛽  

𝑃: {𝛼, 𝛽, 𝜑, 𝜆} 



Model based in four-parameter gamma 
distributions 
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𝑃: {𝑡ℎ, 𝛼0, 𝛽0, 𝜑0, 𝜆0, 𝛼1, 𝛽1, 𝜑1, 𝜆1, 𝑤0, 𝑤1} 

𝑃𝐷𝐹𝑆 𝑖; 𝑃    = 

Proposed algorithm 



Likelihoood function 
ln 𝑝 𝐼 𝑡ℎ = 𝑐0,𝑡ℎ ∗ 𝑁 ∗ ln 𝑤0 + 𝑐1,𝑡ℎ ∗ 𝑁 ∗ ln 𝑤1
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Proposed algorithm 

𝑃 0, 𝑃 1, … , 𝑃 𝑡ℎ, … , 𝑃 254, 𝑃 255  

𝑡ℎ →  {𝛼0,𝑡ℎ, 𝛽0,𝑡ℎ, 𝜑0,𝑡ℎ, 𝜆0,𝑡ℎ, 𝛼1,𝑡ℎ, 𝛽1,𝑡ℎ, 𝜑1,𝑡ℎ, 𝜆1,𝑡ℎ, 𝑤0,𝑡ℎ, 𝑤1,𝑡ℎ} 

𝑃: {𝑡ℎ, 𝛼0, 𝛽0, 𝜑0, 𝜆0, 𝛼1, 𝛽1, 𝜑1, 𝜆1, 𝑤0, 𝑤1} 
 

Optimum parameters estimation 



Evaluation 

IPCV-LAB Image Data Base 

No. Category Images 

1 Synthetic images 12 

2 Computer graphics 8 

3 Imaging 13 

4 Letters 33 

5 Photographs 42 

6 Small objects 4 

7 Low contrast 20 



Example 1: Fire image 



Example 2: Coin image 



Evaluation: Mean Square Error 

Category Proposed Kittler Kurita Otsu 

Synthetic 

images 
79 115 121 195 

Computer 

graphics 
301 350 687 894 

Imaging 147 215 291 509 

Letters 60 86 203 407 

Photographs 58 86 150 271 

Small objects 15 20 21 365 

Low contrast 43 51 66 190 

AVERAGE 84 113 178 377 

*Numbers scaled by a 10^7 factor 



Category Proposed Kittler Kurita Otsu 

Synthetic 

images 
0,947 0,950 0,984 0,974 

Computer 

graphics 
0,960 0,882 0,963 0,940 

Imaging 0,952 0,892 0,965 0,960 

Letters 0,922 0,912 0,914 0,936 

Photographs 0,853 0,815 0,783 0,798 

Small objects 0,999 0,997 0,999 0,670 

Low contrast 0,785 0,631 0,614 0,690 

AVERAGE 0,92 0,87 0,89 0,85 

Evaluation: F1-Score 



Summary and Conclusions 

• In this contribution, we described clearly the theory 
behind maximum likelihood thresholding algorithms.  

• We proposed a model based on four-parameter 
gamma distributions to describe the PDFI, which 
intrinsically contains the models of Kittler, Kurita and 
Otsu’s algorithms.  

• The proposed algorithm approximated much better 
the PDFI than the other three, and made much 
better segmentations for low contrast images and 
slightly better for general images. 
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