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 Traditional thresholding methods based on maximizing inter class variance and 

minimizing the intra class variance fail to achieve acceptable results when segmenting 
the images having large variance difference between object and background classes. In 

this paper, a novel thresholding method is proposed. The proposed method combines 

the class variance sum and the variance difference to eliminate the drawbacks of 
traditional thresholding methods. It determines the optimal thresholding value by 

minimizing the objective function of this criterion. The performance of this method is 
superior to traditional single thresholding methods. The proposed method is tested on 

the cameraman, Brain, flower and Saturn images and the results are found to be 

satisfactory. 
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INTRODUCTION 

 

 Image segmentation is a fundamental process in many image, video, and computer vision applications. 

Segmentation partitions an image into its constituent regions or objects. The level to which partition is carried 

out depends on the problem being solved. The segmentation should stop when the objects of interest in an 

application have been isolated. Image segmentation algorithms are based on one of the two basic properties of 

intensity values: discontinuity and similarity. In the first category, the approach is to partition an image based on 

abrupt changes in intensity, such as edges in an image. The approaches in the second category are based on 

partitioning an image into regions that are similar according to a set of pre defined criteria. Thresholding, region 

growing, region splitting and merging are examples of the second category (Rafael, 2006). The basic idea of 

image thresholding is to divide the intensity range in an image into two classes C0 and C1 called background and 

object based on a threshold value k; C0 denotes the pixels with gray levels [1…k], and C1 denotes the pixels 

with gray levels [k+1…..L].The output of threshold based image segmentation is a binary image where all the 

pixels with gray levels greater than the determined threshold are classified as object and rest of the pixels are 

assigned to background, or vice versa. Thresholding methods can be classified into parametric and 

nonparametric approaches (Hou et al, 2006). Parametric methods assumes gray level distribution of each class 

obey a given distribution, usually a normal distribution, and finds the optimal threshold by estimating the 

parameters of the distribution using the given histogram. It leads to a nonlinear estimation problem of expensive 

computation. Non parametric methods determine the optimal threshold by optimizing certain objective function, 

such as between class variance (Otsu, 1979), variance (Hou et al, 2006) and entropy. In Pun’s method (Pun, 

1980), the optimal threshold is determined by maximizing a posteriori entropy of the object and background 

portions. Kapur et al. (Kapur et al, 1985) found some error in Pun’s derivations and presented a corrected 

entropy-based method. The non parametric method is proved to be more robust and accurate than parametric 

methods. Otsu’s method (Otsu,1979) chooses the optimal threshold by maximizing the inter class variance or by 

minimizing the intra class variance of gray levels in object and background portions.  

 

Thresholding algorithm: 

 In this section some traditional thresholding methods are briefly reviewed and limitations are discussed. A 

novel thresholding method is proposed to eliminate the drawbacks of the traditional thresholding methods.  
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Traditional methods: 

 Let i is the gray level image with L gray levels [1,2,…L].The number of pixels in the gray level i is denoted 

by ni and the total number of pixels by N=n1+n2+…nL. The probability of gray level i appeared in the image is 

defined as  

Pi=ni/N, Pi ≥ 0,  =1             (1) 

 Suppose we divide the pixels in image into two classes C0 and C1 (background and object, or vice versa) by 

a gray level k; C0 denotes pixels with levels [1,2,…k], and rest of the pixels are denoted by C1, that is, pixels 

with levels [k+1,…L]. 

 The probabilities of class occurrences are given by 

                (2) 

              (3) 

 The mean levels of the two classes are given by 

               (4) 

             (5) 

 And corresponding class variances are given by 

             (6) 

            (7) 

 The within class variance, between class variance and total variance of the gray level pixels in Otsu’s 

method (Otsu, 1979) can be defined as 

             (8) 

             (9) 

          (10) 

 where 

             (11) 

 From the basic relation 

 =             (12) 

  and  are functions of threshold level k and  is independent of k.  is based on second order 

statistics, that is class variance and  is based on first order statistics, that is class mean. 

 Maximizing the intra class variance is equal to minimizing the inter class variance. Thus the optimal 

threshold t from the Otsu’s method is 

            (13) 

 Otsu’s method is one of the better threshold selection approaches to general real world images. 

 Another threshold based image segmentation method is Hou’s method (Hou et al,2006).The objective 

function in the Hou’s method is the class variance sum of two threshold classes. It finds the optimal threshold t 

by minimizing the objective function. 

(t) + (t)          (14) 

 Otsu’s and Hou’s methods consider only the class variance sum and not considering the variance difference 

for threshold selection.  

 In Tsallis Entropy based image segmentation apriori Tsallis entropy for each distribution is defined as 

            (15) 

            (16) 

 The Tsallis entropy sq(t) is parametrically dependent upon the threshold value t for the foreground and 

background.  

 The optimum threshold value is obtained by maximizing Sq(t) (We maximize the information measure 

between two classes that is object and background. 

topt = max[Sq
0
(t) + Sq

1
(t) + (1-q) . Sq

0
(t) . Sq

1
(t)]         (17) 
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Proposed method: 

 For some cases Otsu’s and Hou’s methods give incorrect thresholds and fail to separate the objects from 

background. 

 In order to eliminate the above limitation of Otsu’s and Hou’s methods, a novel criterion is proposed using 

class variance sum and class probability with variance difference, which can be formulated as,  

         (18) 

where           (19) 

 σd(t) is used to measure the variance difference of two threshold classes and σ1(t) and σ2(t) are the variances 

of class1 and class2 respectively.  and  are the class probabilities. The parameter  is the weight value 

that balances the variance sum value and the variance difference. Here the value of  is chosen as 0.5. 

 In this method the optimal threshold t can be determined by minimizing the objective function 

             (20) 

 

  
 

Fig. 1: Variances of brain image: (a) Original image, (b) Variance difference and variances of the object and  

background classes. 

 

 The Proposed method involves the following steps: 

Step (1): Calculate the probabilities of class occurrences. 

Step (2): Calculate the class mean levels. 

Step (3): Calculate the class variances. 

Step (4): Implement the objective function and the minimum value of the function is the optimum gray level 

threshold value 't’. 

 

Experimental results: 

 The quality of widely used image segmentation methods such as Otsu’s (Otsu,1979), Hou’s (Hou et 

al,2006), Tsallis Entropy (Portes et al, 2004) were quantitatively evaluated by performance measures such as 

Misclassification Error (ME) measure, False Positive Rate (FPR) and False Negative Rate (FNR). 

 

[a] Misclassification Error (ME): 

 Misclassification Error is a measure of percentage of background pixels incorrectly classified into 

foreground, and conversely, foreground pixels erroneously assigned to background.  

 Misclassification Error for two class segmentation can be formulated as 

           (21) 

 Where B0 and F0 are the background and foreground pixels in the ground truth image, BT and FT are the 

background and fore ground pixels in the threshold image. The value of ME varies between 0 and 1. For 

perfectly classified image the value of ME is 1 and for a totally erroneously classified image, the ME value is 0. 

The lower value of ME means better quality of corresponding threshold image. 

 

[b] False Positive Rate (FPR): 

 False Positive Rate (FPR) is the rate of the number of background pixels misclassified into foreground to 

the total number of background pixels in the ground truth image. 
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           (22) 

 

[c] False Negative Rate (FNR): 

 False Negative Rate (FNR) is the rate of the number of foreground pixels misclassified into background to 

the total number of foreground pixels in the ground truth image. 

            (23)  

 The value of FPR and FNR varies between 0 and 1. The high values of FPR and FNR indicates over and 

under segmentation respectively.  

 

   
(a) Original image (b) Ground truth image (c) Otsu’s method (t-=88) 

   
(c) Hou’s method (t=67) (d) Tsallis entropy (t=125) (e) Proposed method (t=64) 

 

Fig. 2: Thresholding results of Cameraman image. 

  

   
(a) Original image (b) Ground truth image (c) Otsu’s method (t=101) 

   
(d) Hou’s method (150) (e) Tsallis entropy (t=121) (f) Proposed method (t=152) 

 

Fig. 3: Thresholding results of Brain image. 
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(a) Original image (b) Ground truth image (c) Otsu’s method (t=123) 

   
(d)Hou’s method (128) (e) Tsallis entropy (t=122) (f) Proposed method (t=133) 

   

Fig. 4: Thresholding results of Flower image. 

 

   
(a) Original image (b) Ground truth image (c) Otsu’s method (t=79) 

   
(d)Hou’s method (112) (e) Tsallis entropy (t=120) (f) Proposed method (t=110) 

 

Fig. 5: Thresholding results of Saturn image. 

  

 Among this Tsallis entropy based image segmentation has high value of Misclassification Error and Otsu’s 

method has low value. 
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 The results in terms of thresholds, numbers of misclassified pixels, values of ME, FPR and FNR, and 

running times obtained by applying various methods to the images are listed in Table 1. The table shows that 

segmentation results yielded by our proposed method obtains better results than the other methods 

 
Table 1: Thresholds, numbers of misclassified pixels, Misclassification Error value, FPR and FNR and running times obtained by using  

different methods. 

 Otsu’s Method Hou’s Method Tsallis entropy Proposed method 

Cameraman image     

Threshold value 88 67 125 64 

Misclassified pixels 494 677 8681 5542 

FPR 0.0102 0.0140 0.1789 0.0867 

FNR 0.0293 0.0402 0.5107 0.0612 

ME 0.007538 0.010438 0.132472 0.0201985 

Elapsed time (s) 0.137277 0.072108 0.104010 0.081596 

Brain Image     

Threshold value 101 150 121 152 

Misclassified pixels 1315 3539 2297 10905 

FPR 0.1489 0.4007 0.2600 0.4115 

FNR 0.0339 0.0912 0.0592 0.0937 

ME 0.02760 0.0742 0.0482 0.045839 

Elapsed time (s) 0.059181 0.063809 0.087353 1.792025 

Flower image     

Threshold value 123 128 122 133 

Misclassified pixels 325 427 303 503 

FPR 0.0592 0.0777 0.0552 0.0916 

FNR 0.0375 0.0493 0.0350 0.0580 

ME 0.02295 0.0301 0.0213 0.0355 

Elapsed time (s) 0.078776 0.085093 0.122067 2.943998 

Saturn image     

Threshold value 79 112 120 110 

Misclassified pixels 622 605 1092 1075 

FPR 0.0861 0.0837 0.1511 0.1375 

FNR 0.0181 0.0176 0.0318 0.0318 

ME 0.0149 0.0145 0.0262 0.0120891 

Elapsed time (s) 0.054390 0.089675 0.083880 1.742435 

 

 Here the test images like cameraman, Brain, flower and Saturn images are segmented using the 

Thresholding techniques called Otsu’s, Hou’s, Tsallis entropy and the proposed method. In Otsu’s method, the 

misclassified pixels are very less and also the ME value is very less. In Tsallis entropy based thresholding 

method the misclassified pixels are high compared to Otsu’s and Hou’s method. Hou’s method requires less 

computational time compared to our method because the proposed method needs to compute the variance 

difference. The running time for the proposed method is less. 

 The proposed method consists of the weight value β as 0.5.While choosing the value as less or greater than 

0.5 which results in high misclassification error value. 

 

Conclusion: 

 Otsu’s and Hou’s methods choose the class variances for threshold selection. But the proposed method 

chooses the class variances and variance difference to find the optimum threshold value and it produce 

satisfactory results compared to other methods in terms of all performance measures. Experimental results on a 

variety of images demonstrate the effectiveness of the proposed method. 
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