
 

8 IX September 2020

https://doi.org/10.22214/ijraset.2020.31421



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429 

                                                                                                                Volume 8 Issue IX Sep 2020- Available at www.ijraset.com 
     

©IJRASET: All Rights are Reserved 
 

326 

Multi-Grid Phase Field Skin Tumor Segmentation 
in 3D Ultrasound Images 

Rakshanda R1, Smt. Kavitha G2 

1P.G. Student, Department of Computer Science, UBDT College Of  Engineering, Davanagere, Karnataka, India 
2Assistant Professor, Department of Computer Science, UBDT College of Engineering, Davanagere, India 

  
Abstract: In many systems of computer vision, image segmentation plays a vital role. To locate objects and boundaries in images, 
image segmentation is used. The quality of segmentation of the image determines the performance of recognition algorithms and 
there is no universal segmentation algorithm available till date. In medical imaging applications, boundary detection has been 
renowned as one of the intricate problems in image processing and pattern analysis, in particular. The problem is complex 
because of other information corrupting the lucidity of the image. Design of segmentation algorithms for Medical images is an 
active research area and segmentation algorithms are designed to account for noise, intensity inhomogeneity, low contrast 
between the lesion and the surrounding skin etc. The proposed system on segmenting medical images using the level set 
segmentation in python 3.7 using the Pycharm windows interpreter. The results shows that the efficient segmentation of the 
background and foreground pixels are achieved.  
Keywords: 3D ultrasound images, tumor segmentation, phase field model, multi-grid algorithm, exact solutions 
 

I. INTRODUCTION 
A.  Overview on Medical Images 
Medical imaging relates to procedures and methods used to produce representations of the human body for different therapeutic uses, 
particularly for the analysis of natural anatomy and work. Diagnostic imaging is a significant diagnostic tool. Imaging techniques 
like magnet resonance imaging (IMAGE), computer tomography (CT), contemporary mammography (MM) and other types of 
imaging are important for carving the anatomy of a subject in an invasive way. Dermoscopy is some of the primary screening 
methods used to diagnose melanoma and other pigmented skin lesions. Over the last couple of decades, several efforts have been 
made to enhance clinical detection of melanoma by the dermoscopic procedure, which does not disturb clinical tests, allowing the 
morphological features of the skin to be magnified and lucidly visualized that are not apparent to the naked eye. 
These tools are essential to diagnosis and care preparation as they have considerably improved understanding of regular and ill 
anatomy in medical science. Because of the growing scale and volume of such medical photos the usage of machines to enable 
production and interpretation is important. The development of medical technology such as computer tomography (CT ) and 
magnetic resonance medical has provided doctors with high-resolution images for clinical examination. In the meantime, medical 
staff have a lot more detailed images to process. For this function, segmentation is normally a required step. Nonetheless, manual 
segmentation can take much time and experiments can not be reproducible or have intra-observer and inter-observer variation. This 
is why computer-aided segmentation is important for the accurate and productive examination of the medical personnel. 
In order to help and automate complex radiological activities for the identification of atomic Structures and other fields of concern 
are progressively important computational algorithms. In different applications in biomedical imaging, these image segmentation 
algorithms play a critical role: quantification of tissue sizes, pathology and localisation, anatomic structure analysis, treatment 
preparations and computer integrated operations. 
Computer-assisted image segmentation plays an essential role in rapidly evolving computing technology , in order to overcome 
problems in different areas of image recognition and machine vision. 
Signal processing is a signal processing system in which the input is a signal-like picture and an image or a series of image 
characteristics or parameters may be used for picture processing. The picture description is modified during the segmentation 
process, by splitting the visual image into many parts, which can easily be analyzed. Segmented photographs are used for the 
labeling of artifacts and pictures on boundaries. Different generic algorithms and techniques of image segmentation were developed. 
Although the image segmentation issue is not universal, such approaches must always be paired with the domain information in 
order to solve an image segmentation problem in a particular area. 
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The segmentation of images played a very important role in the development of research in medical imaging to restrict clinical 
features and the areas of concern. The literature includes various test segmentation approaches. Two major interest intensities are 
generally found in the object segmentation algorithms: intrusion and similarity. In the first category, a picture which relies on 
sudden changes in size such as the backdrop limits is broken. In category two, the main approaches for splitting the image in regions 
are a number of parameters. The description and alignment of territories, regional growth and region are part of this category.. 

B. Challenges In Medical Images 
Dependent strength segmentation algorithms, which assume that the imagery and light variations often appear in real-world pictures, 
irrespective of the existence of inhomogenity, produce large regional pixels misclassification. Based to their respective strength 
ranges, the goal objects can not be adequately calculated since an arbitrary variable value range produces a misclassification. The 
right segmentation of images with intensity inhomogeneity is often a difficult challenge, since most representative algorithms rely 
on the strength of the object in question. And hence it is necessary to attempt to cope with inhomogeneity, use Piecewise Smooth 
(PS) models and Local Region-based Level Set approaches. 
The Mumford Shah (MS) Mumford and Shah (1989) model handles strength inhomogeneity, but it is not readily decreased in its 
force. The inhomogeneity of gravity with the PS model is addressed by Vees and Chan (2002, but it takes time. Local binary fitting 
(LBF), the Local Strength Cluster (LIC) and Local Medrics (LSM) are some of the locally-basic methods used to monitor the 
lankton and tannin system system (2008). Li and al. (2007). (2007). Jacques et al. et (2011). In the geographic segmentation of 
medical photos however, the degree of inhomogeneity is an significant problem. 
Automatically defining the boundaries of the dermoscopic pictures is an exertion of difficulty for various reasons: ii) uncovered and 
fluid edges of the lesions; iii) skin texture, air bubbles and fur; and iv) coloration discrepancies inside the lesion. In order to 
overcome these challenges, a number of regional and edge-based segmentation algorithms were developed. When skin to lesion 
transformation is simple, areas-oriented approaches are often implemented. Regional approaches such as Zhang et al. LSM achieve 
automatic dermoscopic border detection. (2006) but becomes problem when lesions or skin regions of different colors are used, 
often by border approaches, such as li et al., to segment and to automatically detect borders in dermoscopic figure. 

C. Challenges in the Development of Medical Image Segmentation Algorithms 
The challenges in developing efficient segmentation algorithms rely on the form of the segmentation mechanism and medical 
picture characteristics. The segmentation algorithm can be regionally or edge-based. In regional algorithms, the prerequisite for 
proper segmentation is the area of interest. Solid edges are the key prerequisite for proper segmentation in edge-based systems. A 
segmentation algorithm with strength inhomogeneity in medical images develops and a segmenting algorithm for medical images 
with low edge models represents a major challenge for regional modeling. 
If you look at segmentation, the human sensory system is regarded as especially prone to constraints. As the edges sometimes 
intertwine uniform regions, the identification of boundaries is critical for image segmentation. Sobel Edge detector is the most 
popular edge detector in the world, where segmentation algorithms are focused on a fragment image dependent on significant 
variations in pressure such as image boards. Actually, the detector is used as a detector for a Gaussian detector. 

 
Figure 1.1 Challenges in the segmentation a)Poor contrast (b)Irregular boundary (c) Bubbles (e) Bubbles (e) Variegated coloring. 
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Blade detection is only an effective choice for hard-edged artifacts. Not all pictures have to contend with the segmentation of images 
with and without better edges and other edges issues, nor do all their sharp edges or weak edges. A new edge segmentation 
algorithm is expected to solve these issues in edge-based models. 
The disparity in quality as you pick up the pictures poses a more obstacle. The following are the few examples,  

 
a) Without the intensity inhomogeneity 

 
b) With Image intensity inhomogeneity 

Fig 1.2: Images of various intensity inhomogeneity. 

D.  Problem Statement 
The detection of the Skin tumour on the surface using the Python and machine learning approaches. The manual segmenting takes 
times and wastes the time of the doctor. To save their time in diagnose a automatic system is essential.  

E. Existing System 
The existing work are developed based on the 2d images they lack in calculating the area coverage, height, width of the tumour. The 
existing methods such as Otsu, K-means, Watershed fails to segment the background and foreground from the image. 

 
F. Disadvantages Of Existing System 
The OTSU disadvantage depends on how the grayscale image converts into black and white images by the threshold valve. 
K-means disadvantage for segmentation depends on image intensity. i.e. k-means accuracy depends on the intensity of the image 
being captured. 
 

II. SIGNIFICANCE OF THE SYSTEM 
This paper mainly focuses on level set segmentation mechanism to segment the image from the foreground the segmented image 
can be developed into the 3D forms which gives the clear picture of the tumour. It is intelligent enough to detect the corners of the 
tumour and starts decreasing till it reaches the tumour region. The accurate identification of the tumour area using the zero contours 
and determine the height of it. 
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III. LITERATURE SURVEY 
In medical imaging, the segmentation of images plays an significant function by facilitating the delineation of anatomy and other 
regions. Various approaches are published in the literature for segmentation of medical images. 

A. Image Segmentation Techniques 
Figure 2.1 illustrates basic measures of digital image production. Photo processing digitizes the sensor file. Photo enhancement is 
the mechanism by which a photo is modified to render the images more suitable. Imagery re-construction improves the product 
clarity which is compatible with the material degradation models. The approaches employed in the image processing which view for 
extracting components are morphological processes. The most difficult challenge that separates objects from their context is 
automated image processing segmentation. If the data will be viewed as a border or as a whole nation shall be decided by 
representation. The identification is the mechanism by which a classification to an entity is issued on the basis of its descriptor 
details. 

 
Fig 2.1: Common steps employed for processing the Digital Image. 

Object segmentation methods usually focus on one of two basic characteristics of quality. A technical image focused on 
discontinuity breaks down abrupt changes in strength values while image-based strategies distinguish an image by sorting the 
related regional pixels which satisfy predefined similarity criteria. The concept of boundaries includes the division into two in one 
area , in order to obtain similarity and discontinuity. Each segment addresses the division methods for these techniques. 

B.  Segmentation Methods Based On The Thresholding Method 
Thresholding is one of the best ways to identify images due to gravity. The threshold method indicates that pixels that fall below a 
certain intensity range represent a particular class, while the rest of pixels in the image indicate a specific category. Local or foreign 
thresholding can take place. For the global threshold value, the figure between person and background must be chosen. It creates 
binary images from the picture data in question. The pixels for the testing relation are classified as '1' binary pixels and other pixels 
are regarded as '0' source pixels. 

 
Where T is the default default. In the image segmentation process, threshold selection is very important. The threshold value or the 
effects of the automated threshold sorting process may each be calculated interactively[85]. N. The Otsu method is suitable for 
specific object context conditions[86]. Threshold-based methods are strong computer-based and can be used in software in real time. 
The universal threshold separates the image into objects and contexts, but objects with a certain color of gray. Therefore, for the 
different areas of the image, many threshold values are required. A local threshold is the process for separately defining different 
objects in a image. Multilevel thresholding measures are: 
Divide the image into sub-pieces. 
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1) Choose the local threshold for each image subpart. 
2) Match pixels for each subpart and area section. 
3) Continue. subpart cycle and stop until all subparts are segmented 
Imagine an picture of two separate artifacts and then define two T1 and T2 levels such that 

 

 
a)                                                  b) 

Figure 2.2 a) Threshold for Image with one object (b) Threshold for image with more than one object. 

Area Based Segmentation In geographic segmentation zones, adjacent pixels are distributed or segregated. It operates on the theory 
of homogeneity, taking into account the idea that adjacent pixels within a area have identical properties and are distinct from pixels 
in other regions. For similarity tests including gray color, colour , texture and form, each pixel is contrasted with its neighboring 
pixel. If the outcome is favorable, the same pixel to expand the area is applied to the register. 4 Consider an image with two separate 
objects and define two thresholds: T1 and T2, so that the picture with one light object with one light object is identified by the 
threshold and darkened context; FIG 2.2(b) reflect two specific light objects with the dark background. 4 Consider a picture with 
two different items, and then establish two thresholds (T1 and T2) such that 

 
C. Region Based Segmentation 
Adjacent pixels associate or dissociate in regional segmentation regions. The definition of homogeneity is based on the premise that 
neighboring pixels within an environment are similar and distinct from pixels in certain areas. Each pixel is contrasted to the next 
gray-level, colour, form and shape pixels for resemblance tests. The pixel is used in the area to multiply unless the result is right. 
If the whole picture is denoted as area R, then it is divided into n disjoint regions S1 , S2, S3, .....

  

Where Prop(Si) is described in functional values over area R. Such areas are interconnected and standardized in design. The 
regional approach is categorized in two groups, such as area development and country separation and fusion. 
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D.  Region Growing Method 
Pixels are numbered in this phase in a region with a different labeling that varies from labels in certain fields. This method can also 
be graded as SRG and Unseed Area Rising (UsRG). The SRG device is semi-automatic and completely operational in the UsRG 
phase. 
1) Seeded Region Growing (SRG): It is indicated by R. God. God. SRG is stable, fast and free of parameters for tuning. The cycle 

starts by selecting a seed pixel in the image. The correct choice of seed is very critical in this process as the overall 
segmentation efficiency is concerned. SRG algorithm basic steps are: 

a) To start the segmentation phase, select the pixel selected in the image. 
b) Choose parameters for the region 's development. 
c) Include the region pixel if it is 8. 
d) Mark all regions, after all allocation pixels have been checked. 
- 

 
Figure 2.4: Seed growing region 

 
2) Unseeded Region Growing (UsRG): This method focuses on the differences between spatial pixels. UsRG is polyvalent, 

completely automatic and relies on tuning parameters. simple measures of UsRG algorithms: 
a) Initialize segmentation process with single-pixel region S1 and ultimately produce S1, S2, ..., Sn areas after completion. 
b) The variance calculation of the test pixel with the mean value of the statistics is included in the pixel classification. 
c) Assign the pixel to a different area, say "Si," if the difference value is below that level, then assign the pixel to the current Sj 

zone. 
d) Follow the above on the other pixels. 
 
3) Region Split and Merge Method: B recommended this method. Penetal[1] functions on a quad tree with the principal purpose of 

differentiating between the homogeneity of the image. The whole picture is called a single area and the image is then divided 
into four quadrants according to those predefined parameters. Figure  .2.4 Method shows it. 

 
Figure 2.4: Region Split and Merge method. 
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The key measures in this process are: 
1) Defines the state of homogeneity. 
2) Build picture pyramid data structure. 
3) Contains a quad tree with the node fragment number and stage numbers. 
4) Continue the cycle until it is no longer feasible to break or melt. 

E.  Clustering Based Segmentation 
Information is categorized into groupings with the same characteristics, while information cluster are different[5]. Data is divided 
into clustered classes with the same attributes. This unchecked technique of clustering explicitly appears in the context of the ideal 
approach to stay in local minimum rates, which causes the whole clustering to be entirely centered on the central distribution of the 
cluster. The algorithm k-means is used extensively for data evaluation[6]. Therefore, the correct input parameters for optimal or 
suboptimum clustering efficiency are most challenging to choose and thorough analyzes of clustering algorithms. 
 
1) K-MEANS Algorithm  
This method includes initial determination of the number of required clusters. K- implies the cumulative gap from the data points to 
the cluster core is reduced by the algorithm. Steps in k – implies that the method is: 
a) Determine how many clusters k are expected, place k – clusters at different initial positions randomly. 
b) Assign the cluster with core closest to the pixel to each segment. 
c) Calculate the current cluster core, which will be average data points coordinates. 
d) Repeat the procedure until no more modifications are needed. 
 
2) FUZZY C – Means Clustering Method (FCM): Fuzzy C – the approach recommended by Y. Yang is an iterative clustering 

process for the segmentation of color pictures. Pixels that belong to more than one cluster in this system and each pixel is 
connected to a collection of membership rates. Cluster center and objective function are required for FCM. FCM generates the 
structure of the unstable partition. Table 2.1 Resumes the benefits and drawbacks of the current literature picture segmentation 
approaches. 

IV. METHODOLOGY 
A.  Pseudocodes 
Pseudocode of algorithms used in the implementation of proposed approach. 

1) Pseudocode for Taking Image into Variable into Tool 
a) Input: Image and it can take file extension such as jpg, bmp,tif,png.  
b) Output: Image will be stored in the variable called as img as the array. The array elements consist of pixel intensity values.  

 
2) Pseudocode for Gaussian Filter  
a) Input: Input image 
 Gaussian Filtering is used commonly in the area of image processing. It is used to reduce an image's noise. We must construct a 

2D Gaussian kernel in this post. The 2D Gaussian Kernel follows the Gaussian distribution given below. 
 Perform the filtering in the x and y axis using the below equation  

G(x,y) = ଵ
ଶగఙమ

݁ି
ೣమశ೤మ

మ഑మ  
If y is the distance from the center along the vertical axis, x is the distance along the horizontal axis and μ is the normal disparity. 
b) Output: After processing the above steps obtain a filtered image. 

3) Pseudo Code for gradient of the filtered image 
a) Input: Filtered image 
b) Output : Gradient image- the detail of the gradient image is as follows,  
 ·A photo gradient is a spatial shift in the strength or color of an image. The color gradient is one of the fundamental building 

blocks in the creation of pictures. For instance, the Canny border detector uses image gradient for border detection 
 The gradient of the image vector is obtained by using the below equation  
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∇݂ =  ቂ
ݔ݃
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݂ߜ
⎦ݕߜ
⎥
⎥
⎤
 

ఋ௙
ఋ௫

is the Derivative for the x (gradient is obtained in the x direction) 
ఋ௙
ఋ௬

is the derivative for the y (gradient is obtained in the y direction) 

The gradient direction is calculated from the below equation,  

ߠ =  tanିଵ ൤
ݔ݃
ݕ݃
൨ 

Once the gradient is obtained the root mean square is taken and store the gradient changed image in f.  
F = ඥ݃ݔଶ +  ଶݕ݃

 
4) Pseudocode for Initialize of the Level Set Function as the binary step Function 
a) Take the random radius and store in C0 . 
b) Initial level set function matrix is generated by multiplying the matrix with matrix members as ones with C0. The one’s matrix 

is same as the size of the input image. This is stored in initialLSF variable. 

5) Pseudo code for Level Set 
a) Compute the iteration for the outer boundary for 25 times to compute the edge of gradient image.  
b) Perform the refine of the image with 10 iteration to perform the edge of the image obtained in step 1. 
c) After obtained the contours and the edges segment the tumor from the image and project the same into 3d form.  

B.  Implementation 
Stage Set Feature Evolution α. Row 1: degree evolution set feature μ. Section 1. Column 2: creation of the zero level curve of the 
correct level set feature μ in row 1.  
Row 2: This scenario is seen in the following diagram, 

 
Figure 5.1: Various contour for Level Set. 

1) Numerical Scheme: In practice, the Dirac function δ(x) in (10) is slightly smoothed as the following function δε(x) defined by:                                                                    
  
 
 

We use the regularized Dirac δε(x) with ε = 1.5, 
for all the experiments in this paper. Because of the diffusion term introduced by our penalizing energy, we no longer need the 
upwind scheme [4] as in the traditional level set methods. Instead, all the spatial partial derivatives ∂φ 
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∂x and ∂φ ∂y are approximated by the central difference, and the temporal partial derivative ∂φ 
∂t is approximated by the forward difference. The approximation of previous equation which is given above is simplified into below 
equation, 

 
where L(φi,j) is the approximation of the right hand side in above equation by the above spatial difference scheme. The below 
difference equation  can be expressed as the following iteration 

 
 

2) Selection Of Time Step: When applying the current level set process, the time stage S should be chosen significantly longer than 
the time step used in conventional level set methods. We checked a broad variety of levels between 0.1 and 100.0 in our studies. 
We used ̈ = 50,0 and μ = 0,004 for illustration in figure 7.1, and the evolution of the curve only involves 40 iterations when the 
curve exactly converges with the surface boundary. One obvious question is: how long is iteration stable in the μ phase? From 
our experiments, we find that the time phase β and coefficient μ have to satisfy μ < 14 in the difference scheme defined to 
sustain a steady degree of set evolution. Developments can be improved for a longer period of time, but errors can occur at the 
frontier if the period is too high. A compromise occurs between the collection of a longer duration and consistency at the 
boundary. For certain images, we normally use β to 10.0. 

3) Flexible Initialization Of Level Set Function: Throughout conventional level setting approaches, the level set function β will be 
defined as the distance signed function −0. If the original level set feature varies substantially from the signed distance function, 
the re-initialization schemes can not reset the function to a signed distance function. Throughout our definition, the re-
initialization process is not only omitted entirely, but the level set function μm is not expected to be configured as a signed 
distance function. Let 'al' 0 be the subset of the picture domain of 'al' and 'al' 0 be the whole of the points on the boundary of 'al' 
al' that can be defined effectively by clear morphological procedures. The initial function μ0 is then described as 

 
Is contours plot of the level set function φ, using the proposed initial function φ0 defined by (14) with ρ = 6. Seven is contours are 
plotted at the levels -3, -2, -1, 0, 1, 2, and 3, with the dark thicker curves being the zero level curves. The below figure shows the 
plots, 

 
Figure 5.2 : Is contours using Level Set. 
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Figure 5.3: Result for a real microscope cell image, 

 with λ = 5.0, μ = 0.04, ν = 1.5, and time step τ = 5.0. 
Picture. 5.3 Displays contour evolution on a 64 *80-pixel two-cell microscope image. Some sections of the borders of both cells are, 
as you can see, very blurred. In the event of weak object limits, we use this image to show the robustness of our method. We've been 
using the region below the line in the Figure.  5.3 (a) as area Ω0 for the estimation of the feature set initial stage φ0. As Fig . 5.3, 
effectively this first straight line developed into the target limits and their form was well recuperated. This results in the extraction 
of poor object boundaries that are normally incredibly difficult to implement for conventional level methods [8]. This results 
demonstrate our desirable performance. 

 
Figure 5.4 : Result for a real image of a cup and a bottle, 

with λ = 5.0, μ = 0.04, ν = 3.0, and time step τ = 5.0. 
For examples, Fig. 5.4 presents findings on a 100 x 200 pixel bottle and cup picture. The initial level set ̈0 is determined from the 
quadrilateral enclosure area as seen in Figure. 7.4 (a). (a). The parameters μ = 5.0, μ = 0.04, μ = 3.0, and time-schedule ć = 5.0 have 
been used for this chart, which are considerably greater than the time-schedule used by the standard level set system. The 
development of the curve takes 650 iterations. The following diagram demonstrates the findings for an ultrasound picture of carotid 
artery, with μ = 6,0, μ = 0.1, μ = −3,0, and time phase  ̈= 2.0.  
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Figure 5.5:  Real time Ultrasound Images. 

V. EXPERIMENTAL RESULTS 
As we discussed earlier if the iterations are more the segmentation becomes more clearly had considered the three real time images 
for the experimental purposes and the results are shown below.  
The blue colour in the below figure shows the outer boundary and green shows the inner boundary of the image and these boundary 
of image to segment and the result is shown for different iterations 10 and 20. 

 
Figure 6.1: Two cells Iterations are 10. 

 
Figure 6.2: Two cells Iterations are 20. 
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Considering the two cells as an another example for testing the level set and different iteration values are provided to check the 
efficiency of the segmentation and are shown in figure 8.3 and 8.4. 

 
Figure 6.3: Two cells Iterations are outer (blue) 20 and inner iteration of 5(green). 

 

 
Figure 6.4: Two cells Iterations are outer (blue) 20 and inner iteration of 10(green). 

 
Considering the another image and performed the level set segmentation with different iterations as it the normal image (not an 
ultrasonic image) the segmentation needs more iterations. The inner iterations(green) are clearly segmenting the tumour and the 
results are shown below. 

 
Figure 6.5: Iterations are outer (blue) 40 and inner iteration of 20(green). 
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Figure 6.6: Iterations are outer (blue) 40 and inner iteration of 30(green). 

 
The Otsu segmentation is shown below  

 
Figure 6.7:  Otsu segmentation. 

 
The watershed segmentation is shown below for two cells,  

 
Figure 6.8: Watershed segmentation. 

 
VI. CONCLUSION AND FUTURE WORK 

A new variance degree model was introduced in this project that removes the need for a re-initialization entirely. Using the basic 
Finite Differential Procedure, the suggested level set approach can quickly be applied and is code powerful than regular level set 
approaches. Using our approach, a considerably greater time phase may be used to speed up the curve creation whilst holding the 
level set feature constant. In fact , the level set feature can no longer be configured as a signed distance function. In addition to 
computationally more effective than computerized space, we suggest regional initialization of the level set function, which allows 
more scalable implementations. The efficiency of the proposed algorithm was demonstrated for both virtual and actual images and, 
in particular, its robustness to poor borders and high noise. 
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