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Abstract

An implementation of the minimum error thresholding algorithm is presented. In this implementation, two versions
of the minimum error thresholding algorithm are made available, one utilizing a Gaussian- and the other utilizing a
Poisson- mixture model. Two ITK classes are created: The first one
(MinErrorThresholdImageCalculator) is used to compute the threshold; the second
(MinErrorThresholdlImageFi lter) is used as an image-thresholding filter. The results indicate code
correctness and are comparable to those of Otsu’s thresholding algorithm.
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1 Introduction

Image binarization is used as the first step in several image segmentation tasks. Thresholding is
considered as the simplest method for image binarization. Several image thresholding techniques have
been proposed in the literature. Examples include histogram-, clustering- and entropy-based methods. A
survey on image thresholding methods can be found in [1].



In this article, an implementation of a clustering-based method, called minimum error thresholding, is
presented. Assuming that the image histogram is bi-modal, a binarization threshold is computed based on
fitting a mixture of two distributions. The original minimum error thresholding algorithm was introduced
by Kittler et al.[2] where the histogram was modeled as a mixture of two Gaussians. However, based on
the theory of formation of an ideal image [3], it was shown in [4] that such a histogram can be more
accurately modeled by a mixture of two Poisson distributions.

Based on the thresholding results of several 2-D and 3-D images, the Poisson mixture model provides
better results than the Guassian mixture model. Hence, it is used as the default choice in the presented
implementation. In addition, the minimum error thresholding results are comparable to those obtained by
the ITK implementation of the famous Otsu’s thresholding algorithm [5].

2 Threshold Computation

The normalized image histogram represents an estimate of a mixture of two distributions, and is given as:
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where g is an intensity value in the range {O,...,gmax}, and PJ. is the prior probability of the j"
component of the mixture; i.e., p(g| j). This is assumed to be either a Poisson probability distribution
(default) or a Gaussian probability distribution as follows:
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Given a threshold t, the mixture parameters are defined as follows:
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For both distributions K, is the j™ mixture component mean. On the other hand, o; is the standard
deviation in the Gaussian case. Finally, z is the total mean of the mixture.

The goal is to find the threshold value t* that minimizes an error criterion function given as:

Poisson Case: t* =argmin {2 — P, (t) (I Py (t) + 24, (t) In 225 (t) ) = P, (t) (IN P.(t) + 2, (£) In 21, (t))}

Gaussian Case: t” =argmin {1+ 2[P, (t) In o, (t) + P,(t) In o, (t)] - 2[ P, (t) In B, (t) + P,(t) In P,(t)]}

3 Implementation

The work presented in this article is implemented in two classes: MinErrorThresholdImageCalculator
and MinErrorThresholdimageFilter. The former, derived from class Object, is used
to compute the threshold and to estimate the mixture distribution parameters.
The second class, derived from class ImageTolmageFilter, takes an ITK image as
an input and uses MinErrorThresholdImageCalculator to compute the threshold. This is
illustrated in the diagram shown in Fig. 1.

In addition to the input image, the algorithm requires two input parameters. The first one is the number of
histogram bin (default is 128) and the second one is the mixture type (default is a Poisson mixture). If
these two parameters are not provided, then the default values will be used.
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« Itk image . . « Itk image .
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Figure 1: A diagram showing the relationships and the data flow between the different classes. Blue arrows
represent inputs and red arrows represent outputs.



4 Code Example

The next code example illustrates how to use the minimum error thresholding filter. The code shown
below is also available in the test source file (itkMinErrorThresholdimageFilterTest.cxx) included with
the submitted source code.

#include "itkMinErrorThresholdImageFilter._h"
#include "itklmageFileReader.h"
#include "itklmageFileWriter.h"

int main(int argc, char* argv[] )
if( argc < 5)

std::cerr << "Usage: " << argv[0]; ) ) ;
std::cerr << " inputlmageFile outputlmageFile numberOfHistogramBins ';
std::cerr << "mixtureType <l=Gaussian, 2=Poisson>";

std::cerr << std::endl;

;eturn EXIT_FAILURE;

//1Input and Output pixel types
typedef short InputPixelType;
typedef unsigned char OutputPixelType;

//1Input and output images _
typedef itk::Image< InputPixelType, 3

i X InputlmageType;
typedef itk::Image< OutputPixelType, 3

OutputlmageType;

VvV

//The binarization filter
typedef itk::MinErrorThresholdImageFilter< )
InputlmageType, OutputlmageType > FilterType;

//1mage reader/writer
typedef itk::ImageFileReader< InputlmageType > ReaderType;
typedef itk::ImageFileWriter< OutputlmageType > WriterType;

//creat the filter, the reader and the writer

ReaderType: :Pointer reader = ReaderType::New();
FilterType::Pointer filter = FilterType::New();
WriterType::Pointer writer WriterType::New();

//The main Eigeline

reader->SetFileName( argv[1l] 8;

Tilter->Setlnput( reader->GetOutput() );
filter->SetNumberOfHistogramBins ( atoi(argv[3]) );
filter->SetOutsideValue( 255 );
filter->Setlinsidevalue( 0 );
filter->SetMixtureType( atoi(argv[4 ;
writer->Setlnput( filter->GetOutput ;
writer->SetFileName( argv[2] );

//updating the writer triggers the update on the previous filters in the pipeline
writer->Update();

//Print the resulting threshold and the estimated mixture parameters
std::cout << “Computed Threshold is: " << filter->GetThreshold() << std::endl;

std::cout << "Estimated Mixture Parameters are: " << std::endl;

std::cout << "Background Mean = " << filter->GetAlphaLeft() << std::endl;
std::cout << "Foreground Mean = " << f|!ter->GetAlpbaR|ght€g << std::endl;
std::cout << "Background Prior " << filter->GetPriorLeft() << std::endl;

std::cout << "Foreground Prior
return EXIT_SUCCESS;

" << Filter->GetPriorRight() << std::endl;



5 Results

The code was tested on several 2-D and 3-D images using different parameters. Fig2. shows a 2-D test
image and the resulting binary images using both Poisson and Gaussian mixtures with 128 histogram
bins. Fig. 3 shows a comparison between the output of the minimum error thresholding algorithm (using
a Poisson mixture) and the output of Otsu’s thresholding algorithm (using itkOtsuThresholdImageFilter).
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Figure 2: (A) 2-D test image. (B)Thresholded image using a Poisson mixture.
(C) Thresholded image using A Gaussian mixture
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Figure 3: (A) 2-D test image. (B)Thresholded image using a Poisson mixture Minimum Error
Thresholding method. (C) Thresholded image using Otsu’s Thresholding method
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