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Abstract: With the development of industry, ultrasonic nondestructive testing has become one of the 

most widely used detection methods, and ultrasonic image processing has become a hotspot in recent 

years. We combined the mark watershed algorithm with the s the level set algorithm to improving the 

effect of ultrasonic image segmentation. The experimental results show that the improved level set 

algorithm has better effect in the segmentation of ultrasonic images. The sensitivity of noise is greatly 

reduced, and the segmentation results are more closely related to the manual segmentation. 

Keywords: Ultrasonic phased array NDT image; level set algorithm; marker watershed algorithm; 

LBF model. 

__________________________________________________________________________________________ 

 

1. INTRODUCTION 

Ultrasonic nondestructive testing has the advantages of high detection sensitivity, strong penetration 

ability and good directivity. It has become the most widely used nondestructive testing with the 

highest frequency and rapid development. Image segmentation plays an important role in the 

qualitative analysis of ultrasonic nondestructive testing images, and the accuracy of segmentation is 

great important to the subsequent image analysis. However, ultrasonic imaging generally has the 

disadvantage of low signal-to-noise ratio and distribution of grayscale, which makes the target edge 

not clearly and bring great difficulties to the segmentation of ultrasonic image. The threshold method 

and manual segmentation method are widely used in ultrasonic image segmentation. The threshold 

method is simple and easy to implement compared with other algorithms, but it is difficult to meet 

the actual demand due to its low quality of segmentation. Manual segmentation often takes a lot of 

manpower and time, so it is also hard to meet actual requirements. 

The segmentation method based on the level set algorithm is suitable for multi target segmentation, 

and can get the complete target edge, which can satisfy the requirement of three-dimensional 

reconstruction of ultrasonic phased array nondestructive detection image. The segmentation method 

based on level set algorithm is a hotspot. In this method, including the model of parametric active 

contour model and geometric activity contour model based on level set method. The geometrical 
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active contour model is used to solve the problem of the parametric active contour model in image 

segmentation. This algorithm is proposed by Caselles et al [1] and Malladi et al [2], which is based on 

the curve evolution theory. In recent years, the segmentation method based on level set algorithm is 

constantly proposed. Zhang proposed a method based on rough set of discrete data and fast 

segmentation of the image is achieved [3]. Cai et al [4] proposed an adaptive level set model based on 

local and global information for images which gray are not uniformly. The method of Wu et al [5] 

combines gradient-based locally adaptive segmentation with intensity and geometric features-based 

classification. The semi-automatic method presented by Smeets et al [6] is based on a level set fitted 

on a fuzzy classification of the image data. Yang and Boukerroui et al [7] proposed a Gaussian scale 

selection based on the intersection of confidence intervals rule: the local scale is estimated by 

minimizing the mean square error of a local polynomials approximation (LPA). 

Watershed algorithm is common used in image segmentation, and scholars proposed many improved 

watershed algorithms in recent years to solve the problems of over segmentation. Wang et al [8] 

proposed using morphological gradient reconstruction and marker extraction techniques in the 

processing of image pretreatment. Bieniek and Moga et al [9] propose a distinct watershed algorithm 

which is implemented by simulating a rainfall process, not an immersing process as usual. Xu et al 

[10] proposed an image segmentation method combining image information entropy, morphological 

gradient and regional integration. As fuzzy mathematics theory is used for image segmentation, 

wavelet transform fuzzy C mean segmentation (WT-FCM) algorithm is proposed, which effectively 

solves the problem of over segmentation[11]. 

In recent years, scholars have put forward a lot of image segmentation algorithms, but for ultrasonic 

nondestructive testing of the image segmentation algorithm is not much. In this paper, we use the 

level set algorithm in ultrasonic image segmentation, and combined the marker watershed algorithm 

with the level set algorithm to improving the effect of ultrasonic image segmentation. 

 

2. Theoretical basis 

2.1 The LBF model 

In order to improve the quality of uneven gray-level image segmentation, Li [12] proposed LBF model. 

In this method, Li introduced a local energy function, and used the integral on the image regions to 

replace the global two-value fitting energy of the PC model. However, the segmentation effect of 

LBF model strongly depends on the location of the initial contour curve and the model is sensitive to 

noise. For x∈ Ω (Image region), LBF energy functional is defined as: 

  휀𝑥
𝐿𝐵𝐹 =  𝝀1 ∫ 𝐾(𝑥 − 𝑦)|𝐼(𝑦) − 𝑓1(𝑥)

 

𝑖𝑛(𝐶)

|2𝑑𝑦 

                    +𝝀2 ∫ 𝐾(𝑥 − 𝑦)|𝐼(𝑦) − 𝑓2(𝑥)|2𝑑𝑦
 

𝑜𝑢𝑡(𝐶)
                                        (1) 

In the equation (1), K(x) = K(|x|) is a kernel function, meet the local property: non-negative and 

monotone decreasing, 𝑙𝑖𝑚
|𝑥|→∞

(𝐾(𝑥)) = 0. 𝑓1(𝑥) and 𝑓2(𝑥) are the values of the image at a point of 

grayscale, obtained by minimizing the above energy function. Obviously, it is very important to select 

the proper kernel function in the LBF model. To avoid periodic initialization of level sets, the LBF 



Volume 6 Issue 3 2018 

17 

model combines a method without re-initialization. The energy functional of the LBF model is 

defined as (level set representation): 

𝐸𝐿𝐵𝐹(𝜙, 𝑓1, 𝑓2) = 𝜐 ∫ 𝛿(𝜙(𝑥))|𝛻𝜙(𝑥)|𝑑𝑥 + ∫ 휀𝑋
𝐿𝐵𝐹𝑑𝑥

 

𝛺

 

𝛺

 

                           + ∫
1

2
(|𝛻𝜙(𝑥)| − 1)2𝑑𝑥

 

𝛺
                                                          (2) 

In the equation (2), 𝜙 is level set function, 𝛺 is the image area, H(x) is Heavisde function. 𝛿(x) is 

Dirac function. 휀𝑋
𝐿𝐵𝐹  is the level set representation of energy function(3). Minimize the energy 

function (2), you can get 𝑓1(𝑥) and 𝑓2(𝑥): 

                           𝑓1(𝑥) =
𝐾(𝑥)∗[𝐻(𝜙(𝑥))𝐼(𝑥)]

𝐾(𝑥)∗𝐻(𝜙(𝑥))
                                                                    (3) 

                          𝑓2(𝑥) =
𝐾𝜎(𝑥)∗[(1−𝐻(𝜙(𝑥)))𝐼(𝑥)]

𝐾(𝑥)∗[1−𝐻(𝜙(𝑥))]
                                                               (4) 

Finally, the energy functional equation is minimized and the partial differential equation of level set 

evolution is obtained by gradient descent method: 

𝜕𝜙

𝜕𝑡
= 𝜐𝛿(𝜙)𝑑𝑖𝑣 (

𝛻𝜙

|𝛻𝜙|
) − 𝛿(𝜙)(𝜆1𝑒1 − 𝜆2𝑒2) 

                     + 𝜇(𝛻2𝜙 − 𝑑𝑖𝑣 (
𝛻𝜙

|𝛻𝜙|
))                                                              (5) 

In the equation (5): 

                       𝑒1(𝑥) = ∫ 𝐾(𝑦 − 𝑥)|𝐼(𝑥) − 𝑓1(𝑦)|2𝑑𝑦
 

𝛺
                                           (6) 

                       𝑒2(𝑥) = ∫ 𝐾(𝑦 − 𝑥)|𝐼(𝑥) − 𝑓2(𝑦)|2𝑑𝑦
 

𝛺
                                        (7) 

In the level set evolution equation (5), 𝑒1(𝑥) and 𝑒2(𝑥) are the most important part of 𝜙𝑡(the speed 

of level set evolution). 𝑒1(𝑥) and 𝑒2(𝑥) are completely determined by the kernel function K(x). 

Therefore, the kernel function K(x) is related to the speed of level set evolution. 

 

2.2 The mark watershed algorithm 

The traditional watershed algorithm is a method of mathematical morphology based on topological 

theory. Because the traditional watershed segmentation method can easily lead to over segmentation, 

it is often not enough to meet people's actual needs. In order to overcome the shortcomings of 

traditional watershed algorithm, Parker J A proposed mark watershed segmentation method[13]. 

The steps of the method of mark watershed algorithm are following: before segmentation, the gradient 

value of the original image is calculated, and sort it from low to high. Then blocks some pseudo-

minimum values that do not match the target by specifying a threshold, modify the gradient image as 

a token by preserving the local minimum pixel point. The other gradient values are ' pushed upward 

' in turn. 

Marks is divided into two categories, the target area as internal markers and associated with the 

background note as the background markers. Thus each image region contains only one internal 

marker and one marker of the background, the problem is transformed into each region of the internal 

marker and background marker segmentation by watershed segmentation algorithm, which avoids 

over segmentation. 
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3. THE PROPOSED METHOD  

In this section, we introduce our method in detail. Because LBF model is sensitive to noise and easy 

to get into local solution, when using LBF model to segment ultrasonic image we cannot get the ideal 

effect. When using the marker watershed method to segment the ultrasonic image, the effect is equally 

poor. 

According to the characteristics of the mark watershed method and the LBF model, we propose an 

algorithm combining the mark watershed method with the LBF model, which can achieve more 

precise in ultrasonic images segmentation. The main idea of our method is illustrated in Fig. 1. 

The steps of this algorithm are following: 

1) Input the original image and preprocess the original image (filtering, convolution, etc.); 

2) LBF model is used to segment the ultrasonic image, and the segmentation result is two valued, and 

morphological processing is performed; 

3) Overlay the result of (2) to the original image and set it as foreground mark; 

4) Set the background mark and use the watershed transform to divide the results of (3). 

 

Figure 1. Flow chart of the algorithm. 

 

4. Experimental results and analysis 

4.1 The evaluation of image segmentation 

We use Hausdorff distance, Jaccard similarity coefficient, accuracy and recall rate to evaluate the 

quality of image segmentation. 

The Hausdorff distance is the distance between the real subsets in the metric space, and it can be used 

to measure the accuracy of edge matching in image segmentation. According to the definition, it is 

possible to know that the smaller the Hausdorff distance is, the higher image edge matching is. The 

Jaccard similarity coefficient is a measure of the similarity or difference between the finite sample 

sets, and can be used as a parameter to measure the quality of the image segmentation. It can be used 

to measure the similarity between automatic segmentation and standard segmentation. According to 

the principle of the similarity coefficient of Jaccard, it can be defined as: firstly, given two sets A and 

B, the similarity coefficient of Jaccard can be expressed as the ratio between the intersection of A and 

B and the set of A and B. 

                     𝐽(𝐴, 𝐵) =
|𝐴∩𝐵|

|𝐴∪𝐵|
=

|𝐴∩𝐵|

|𝐴|+|𝐵|−|𝐴∩𝐵|
                                                             (8) 

According to the above equation (8), in the image segmentation quality evaluation, the similarity 

coefficient value of Jaccard is proportional to the segmentation quality. Both of accuracy and recall 

rates are used in information retrieval and statistics fields. The full rate can be considered as the ratio 

of the number of related documents retrieved to the number of documents in the library. When applied 
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in evaluation of image segmentation, precision and recall rate reflect the segmentation accuracy and 

segmentation integrity. The greater the accuracy and recall, the better the separation quality. 

 

4.2 Analysis of experimental results 

Experimental environment: MATLAB R2016a, Intel (R) Core (TM) i5-4590 CPU @ 3.30 GHz, 

memory 4GB, Windows 10. The image was produced by Phasor XS. 

The proposed method has been applied to a variety of ultrasonic images.The images below is the 

original image, manual segmentation image, segmentation results by LBF model, segmentation 

results by mark watershed method and the segmentation results of the improved algorithm in this 

paper. We will compare the advantages and disadvantages of the three segmentation methods by 

Hausdorff distance, Jaccard similarity coefficient, accuracy, recall rate and running time. 

 

        

             Figure 2. Original image.              Figure 3. Manual segmentation. 

         

              Figure 4. LBF model.              Figure 5. Mark watershed method. 

      

    Figure 6. Improved algorithm in this paper. 

 

Table 1. Performance comparison of three segmentation methods. 

Methods LBF model Mark watershed method Improved algorithm 

Hausdorff 51.4781 53.6004 7.6158 

Jaccard 0.7430 0.6547 0.7846 

precision 0.9436 0.9250 0.9658 

recall 0.7775 0.6914 0.8070 

 

Table 1 directly reflects the difference between the three segmentation methods. From the Hausdorff 

distance, Jaccard similarity coefficient, precision and recall rate, we can see that the method proposed 

in this paper are better than the results of LBF model and mark watershed method. Especially, the 

accuracy of edge matching is very remarkable. 
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Table2. Time spent in three methods 

Methods LBF model Mark watershed method Improved algorithm 

Time(s) 9.141 2.701 10.175 

 

As we can see that from table 2, the mark watershed method is the fastest to segment the ultrasound 

images. The accuracy of improved algorithm is higher than others, but the most of processing time is 

spent. 

 

5. CONCLUSION 

With the development of science, the frequency of ultrasonic nondestructive testing is more and more 

high, and the precision of ultrasonic image segmentation is becoming more and more demanding. In 

this research, an improved method based on level set and mark watershed is proposed and its effect 

is also presented. 

The proposed algorithm can effectively improve the accuracy of segmentation of ultrasound images, 

and greatly reduce the sensitivity to noise, but this method need more time to running. While 

improving segmentation accuracy, we should also pay attention to the speed of algorithm operation. 

In addition, the ultrasound image has much noise and low signal-to-noise ratio, so it is also an 

effective way to optimize the original image from the hardware. 
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