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Abstract
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  Image segmentation is the problem of partitioning an image into meaningful parts, often consisting of an object and background. 
As an important part of many imaging applications, e.g., face recognition, tracking of moving cars and people etc. it is very difficult to 
visualize complex structures in three-dimensional image volumes without cutting away large portions of, perhaps important, data. 
Tools, such as segmentation, can aid the medical staff in browsing through such large images by highlighting objects of particular 
importance. In addition, segmentation in particular can output models of organs, tumors, and other structures for further analysis, 
quantification or simulation. A different imaging tests, such as Ultrasound, CT or MRI scans, or X-rays. Ultrasound images/videos are 
Analysis are crucial, because it is non-invasive and is usually painless. It is widely available, easy-to-use and less expensive than other 
imaging methods.
Ultrasound, also called sonography, uses sound waves to develop ultrasound images of what's going on inside the body. Ultrasound 
image analysis is used in order to quantify the status of a diseased stroke individually and take possible action by identifying the 
exact problem and the area of interest, extract information and propose some possible treatment. The segmentation techniques like 
balloon, active contour, Hough transform, Bayesian model, deformable model may be used to detect atherosclerotic carotid plaque 
for analysis.

Abbreviations

CCA: Common Carotid Artery; MRI: Mmagnetic Resonance Im-
aging; CT: Computed Tomography; PET: Positron Emission Tomog-
raphy; ICA: Internal Carotid Artery; ECA: External Carotid Arteries; 
IMT: Intima-Media Thickness; BIS: Binary Image Segment

Introduction

Clinical application of Ultrasound in Medicine is a very impor-
tant imaging modality. Compared to other imaging modalities, 
such as X-rays, magnetic resonance imaging (MRI), computed to-
mography (CT) and positron emission tomography (PET), diagnos-
tic ultrasound imaging owes its popularity to the fact that this is a 

safe and non-internal visualization volume of invasive procedures. 
Other advantages of this technology is the real-time ultrasound are 
imaging capability, availability and relatively low cost. And in the 
emerging settings, such as one of the emergency department and 
intensive care unit of imaging modalities These advantages have 
enabled the medical ultrasound imaging of choice not only like 
heart disease, imaging in general, and obstetrics/gynecology, tradi-
tional setting.

However, medical ultrasound images in risk for individual pa-
tients can be identified for the disease. Then before the time that 
prevention is better than cure, for 50% of early heart attacks and 
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strokes are preventable. This is why the development of intelligent 
systems for the early diagnosis of stroke prevention, supervision 
and better treatment.

Carotid arteries

Carotid artery is the main artery of the neck are located on both 
sides of the mandible. You can feel your pulse, because they are 
fairly shallow (about 13 cm away from the skin). The right common 
carotid artery (CCA) starting directly from the aortic arch aorta 
(brachiocephalic arteries) and start a branch of the left CCA. Or-
thognathic below, which bifurcates into two branches are called the 
internal and external carotid artery. Internal carotid artery (ICA) 
and external carotid arteries provide face blood (ECA) that supply 
blood to the brain. Bifurcation is a common location of atheroscle-
rosis.

Diagnostic ultrasonography

Diagnostic Ultrasound is an ultrasound-based visualization 
techniques for imaging and diagnosing pathological changes of 
internal body structures such as muscles, vessels, heart or other 
organs. For example, vascular sonography has been widely used to 
examine vessels and pathological changes of the vessel wall. Ultra-
sound can also be used therapeutically (e.g., high intensity focused 
ultrasound is used to heat and destroy tumours).

Ultrasound image analysis is used in order to quantify the status 
of a disease and take possible action by

•	 Identify the exact problem
•	 Isolate and process the area of interest
•	 Extract information from the diseased area
•	 Propose possible treatment

Modes of ultrasound

Different types of images can be formed by using ultrasound. 
There are several modes of ultrasound that are used in diagnostic 
ultrasonography. The most common are

•	 B-mode: Brightness mode (B-mode) is the most well-known 
ultrasound mode. A 2D cross section of a tissue is displayed 
by scanning an ultrasound beam over the tissue 

•	 M-mode: Movement mode (M-mode) displays movement of 
structures over time. First, a scan line is placed on a region 
of interest in a B-mode image. The M-mode displays how the 
structure crossed by that scan line move toward or away from 
the probe over time.

•	 Doppler mode: In this mode, blood flow is measured and vi-
sualized by using the Doppler effect which is the shift in fre-
quency of a wave for an observer moving relative to its source. 
In diagnostic ultrasound, an ultrasound wave is emitted with 
a particular frequency by using an ultrasound probe. Ultra-
sound waves reflected from red blood cells (moving objects) 
return to the probe with a Doppler shift. This shift in frequen-
cy is used to calculate the velocity of the blood flow. Speed 
information as to the top of the B-mode image is color- coded 
overlay, which is called color Doppler.

•	 Harmonic mode: In this mode, the fundamental wave hav-
ing a frequency of emission into the body and detecting the 
second harmonic wave. In this manner, noise, clutter and the 
work piece (side lobes and reverb) are greatly reduced. Har-
monic imaging also improves resolution and signal-to-noise 
ratio.

•	 Contrast mode: Contrast mode imaging is used for visualiza-
tion of the lumen of cardiac cavities and blood vessels. Sec-
ondly, it is used to quantify blood perfusion in organs by use 
of ultrasound contrast agents. This mode is useful in vascular, 
cancer, and cardiology research for detecting perfusion ab-
normalities of tissues.

Methods of segmentation

•	 Segmentation and Localization
•	 Region-Based Segmentation
•	 Boundary-Based Segmentation
•	 Pixel based segmentation

The detection of plaque for image segmentation techniques 
are as follows

In [6] Common carotid artery intima-media thickness (IMT), 
which is usually measured upon ultrasound images, is an impor-
tant indicator to cardiovascular diseases. This paper proposes a 
snake model based segmentation method to automatically detect 
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the boundary of intima–media for IMT measurement. In the pro-
posed method, two contours are initialized from line segments gen-
erated by Hough transform and then evolved simultaneously by 
dual snake model for boundary detection.

Intima-media segmentation

This method accepts selected ROI as user input. FIG. shows the 
proposed method intima- media division, which consists of five 
steps outlined [6].

•	 ROI is calculated from the input of the edge map.
•	 The threshold edge map with later a binary image is horizon-

tally divided into a number equal to the width of the non-over-
lapping binary image segment (BIS).

•	 Then, for each BIS, Hough transform for the detection of two 
segments, the primary line (PL) and the secondary line (SL), as 
an approximation to the local and LII and MAI.

•	 LII MAI and in the initial outline constitution through the sam-
pling line correction.

DS while the final application of the proposed evolution of the 
initial contour to the final segmentation result.

In [7] paper presents a fully automated algorithm for the seg-
mentation of the IMC. The segmentation of the IMC of the CCA wall 
is important for the evaluation of the intima media thickness (IMT) 
on B-mode ultrasound images. The presented algorithm is based 
on active contours and active contours without edges. It begins with 
image normalization, followed by speckle removal.

The presented method is based on the use of active contours and 
active contours without edges to segment different regions in the 
carotid US images. Active contours face a number of limitations 
such as initial conditions, curve parameterization and the inability 
to deal with images where the different structures have many com-
ponents. The level set formulation of the active contours without 
edges by Chan and Vese represents curves in an implicit manner, 
and can handle changes in topology, which has been one of the main 
difficulties snake based CCA algorithms faced. The active contours 
without edges algorithm is used to segment the US images into the 
lumen and the carotid wall, and the segmentation results are com-

bined with standard anatomical information to evaluate the needed 
parameters for accurate segmentation of the IMC at different stag-
es of the algorithm.

A fully automated segmentation algorithm needs to be able IMC 
Despite the capture time and set up the scanner to work on all im-
age’s degeneration.

Image normalization

The proposed standardized method for performing linear gray 
remapping, so the arterial lumen of the intermediate intensity val-
ues having an intensity of between 0 and 5, 180 and 190 between 
the outer membrane and the US position in the image intensity 
values of 8 bits is. Normalization reduces the reasons given above 
image change. However, the need to make the corresponding nor-
malized intensity values of the intensity remapping based on the 
outer membrane of human interaction chamber and an alternative 
area. Image normalization can be automated through the use of 
non-active edge contour level set formulation to achieve.

Level set method

•	 Advantages: Level set method has proven to be the develop-
ment of a wide class of problems etching, deposition and pho-
tolithography universal, reliable, accurate and effective tech-
nology. They propagate by embedding high-level set before 
the zero- dimensional function, which is similar to the motion 
equation of Hamilton - Jacobi equations work. Then the initial 
value of partial differential equations using technology from 
the numerical solution of hyperbolic conservation laws bor-
rowed resolved.

Resulting in the spread of technology capable of processing solu-
tion and sharp cusps, and topology changes, and three-dimensional 
effect. By using fast narrowband adaptive technology, computing 
work is the same the other way has the advantage of increasing the 
accuracy and robustness of the modeling
•	 Limitation: Level set technique is that they require consider-

able thought to build the appropriate speed propulsion level 
set function. However, the award is for a broad class of highly 
complex issues of common technology.

105

Segmentation Method for Medical Ultrasound Signal Analysis

Citation: Ketki C Pathak and Sejal Patel. “Segmentation Method for Medical Ultrasound Signal Analysis”. Acta Scientific Orthopaedics 5.12 (2022):  
103-115.



Chan-vese method

Chen Vese model corresponds with Mumford - Shah image 
segmentation level set function indication evolving curve by the 
framework (under the jurisdiction of the level set method based on 
region X, U0 characteristic Y image area) through a closed curve. 
The model is based on an attempt image is divided into pixel inten-
sity regions, we introduce the following energy function

Where μ > 0, v > 0, λ1, λ2 > 0, are fixed parameters. Eq. (3.11) 
is a generalization of the Mumford-Shah functional. Segmentation 
becomes the minimization problem of

μ corresponding to the perimeter of the regularization 
parameter corresponding to the region and v is the average of the 
normalized parameter.c1 curve C inside of U0, and C2 is the average 
of the outside curve C. U0 in almost all the numerical calculations, 
including the present embodiment λ1 = λ2 = 1 and v = 0. The mini-
mal partition problem is formulated and solved using the level set 
level set about, in addition to the evaluation value set above param-
eters, μ = 0.2 and h space is set to 1, at the same time, Dt, time step, is 
set to 0.5. Initializes contour is a radius of 0.9 mm.

Chan Vese model is applied after an image is segmented into a 
plurality of portions of the arterial wall and the other people in the 
background and a region corresponding to the lumen. More im-
portantly, the resulting segmentation can also be used as the ac-
tive contour segmentation IMC excellent initialized. Without loss of 
generality, and for establishing the outer membrane lumen, corre-
sponding to a first percentile of the left and the last zone to the right 
of percentile intensity is set to zero, because it is at the top of one 
hundredth quantile and the last at the bottom. Whereby the 
region of interest is limited. Hereinafter, only an area greater than 
18 mm2 in area to be considered. By the middle of the line running 
perpendicular to the American image, corresponding to the largest 
area of the bottom of the carotid far wall, and it corresponds to the 
background area above the lumen.

Proposed architecture
Generalized block diagram of image segmentation using 
snake method

There are various methods for image segmentation using snake 
model, they all methods share a basic flow for the image segmenta-
tion. Figure 1 describes this basic flow. In the basic flow diagram 
first take the us image for detecting the plaque then apply the filter-
ing on the image, then apply the preprocessing for initial contour 
generation such as gaussian, gradient, normalization, etc. Then ap-
ply the initial contour generation, adjusting the contour based on 
snake model, and highlight the contour on image.

Figure 1: Generalized block diagram of image  
segmentation using snake method.

Edge map computation

Edge of the map need both for Hough Transform and Snake 
Model. It should have a large value near the boundary of the object 
of interest and can be the size of the gradient of the original image is 
defined. Artery ultrasound image, LII and MAI above a hypoechoic 
area and below, while IMI has a relatively high characteristic echo 
area. In order to eliminate interference IMI, we only consider the 
use of derivatives with respect to the edge of the positive ordinate.
 
The presented edge map is defined as

Where
I: Original ROI image
∂/∂y: first derivative with respect to y
Gσ: Gaussian function with standard deviation σ
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Segmentation based on edge detection

This method attempts to detect the intensity of the rapid trans-
formation has been extracted and linked to form an edge pixel or 
different areas of the closed border between the objects to solve im-
age segmentation. The result is a binary image. Based segmentation 
method based on the theory has two main advantages - histogram 
and gradient-based methods.

Gray histogram technique

The results of edge detection technique depends on the choice of 
the threshold T, it is hard to find the maximum and minimum gray-
level intensity, because the influence of noise histogram is uneven, 
so we approximate curve instead of the object and the background 
two conic gauss, which is the intersection of the histogram valley. 
T is the threshold gray value of the intersection point of the valley.

Gradient method

A gradient of an image f (X, Y) of the first derivative, when rapid 
changes in intensity near the edge and there is little image noise, 
gradient-based method works well. This method involves convolu-
tion operators gradient and image. High gradient magnitude value 
is fast transition between two different regions may occur. These are 
the edge pixels, it will have to be linked to form a closed boundary 
area. Edge detection methods are required to detect balance be-
tween accuracy and performance, in practice, if the level of detec-
tion accuracy is too high, noise may lead to false edges make unrea-
sonable contour image, the degree of noise immunity if too much, 
some parts may be the position of the image outline undetected 
and objects may be wrong. Therefore, edge detection algorithm is 
simple and suitable for all noise-free images, and often result in ad-
ditional complexity and noise on the edges or missing image edges.

Thresholding method

By thresholding segmentation is simple in dark background 
light image of an object, but powerful way. Thresholding technique 
is based on the spatial characteristics of the image area of the image 
that is. Thresholding converts multilevel image into a binary image, 
i.e., it selects an appropriate threshold the T, the pixels in the im-
age into several regions, and isolated from the background object. 
Any pixel (x, y) is considered to be part of an object, if its intensity is 
greater than or equal to the threshold value, i.e., the function f (x, y) 
of ≥ T, other pixel belongs to the background. According to the selec-

tion threshold, the threshold method in the presence of two types, 
global and local threshold. When T is constant, the method is called 
global threshold, otherwise it is called a local threshold. When the 
background of uneven illumination global threshold method may 
fail. Local threshold value, a plurality of thresholds for compensat-
ing uneven illumination. Threshold selection is typically completed 
interaction, however, it is possible to deduce the automatic thresh-
old selection algorithm. Limitations threshold method is to gener-
ate only two classes, and it cannot be applied to a multi-channel im-
age. Further, the threshold value is not considered an image, since 
this space is characterized by noise sensitive, because these two 
artifacts damaged histogram, making separation more difficult.

Hough transform

Suppose LII and MAI have piecewise linear boundary, we can ap-
ply the Hough transform to detect them divided image segment and 
detect two peaks, and detection section

Active contour

The basic pattern is an image of a snake and the impact of 
external constraints force strength under control spline continuity. 
Internal splines and military positions piecewise smooth constraint 
imposed. Forces pushing toward the image outstanding features, 
such as lines, edges, and subjective contours snake image. Exter-
nal constraint forces, responsible for the required minimum local 
snake.

Algorithm

Initialize the contour around the desired object
•	 There are various ways to do that and this way depends on 

type of object we need to detect
•	 For given case we need to detect plaque in arteries, arteries 

are normally straight line, so we are using the Hough trans-
form to detect the lines and then create the contour

•	 We divide the image into segments each segments apply the 
Hough transform

•	 In each image find two-line primary line and secondary line, 
assuming that arteries one is for plaque and one is without 
plaque

•	 Now after getting all lines in all zones, we find mid-point on 
all lines and create the boundary using that

•	 We subtract y from the lower values, and we add y from the 
higher value using that
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•	 Assuming the arteries are horizontal we reduce the y coordi-
nate of each point by certain pixel and of lower y and of high 
value of v add and just accommodate to complete the plaque 
now we get the readymade contour

Now we will apply active contour or snake method it will 
reduce the snake boundary and it will fit the plaque boundary
•	 First we apply Gaussian filtering blurring two original image, 

this parameter to blur can be controlled by the contour
•	 Original image is taken for finding line segment, now to find 

edge we first gradient of Gaussian filtered image
•	 To find that we find various types of edges in the images for 

that we do convolution, and we use kass method for find the 
energy, we use equation defined in this

•	 Now, to find the total energy we define some varying factors 
for line, edge and termination energy

•	 We sum of the line and edge energy, we subtract the termina-
tion energy so that will becomes the total minimization func-
tion for snake

•	 We find the gradient of the value to find in which direction 
snake is move

•	 Now we initialize the snake we apply the energy value in the 
snake and we find new position of the snake using penta di-
agonal matrix

•	 Do iteration as per user definition (ex.50,100,200) and we 
keep on finding the new snake point, we do it for each and ev-
ery iteration and keep plotting it

Performance evolution parameters
Sensitivity and specificity

Test sensitivity is defined as the proportion of cases that the test 
correctly detected the index under the condition to have.

Specificity of the test is defined as the ratio of the case of not 
having the test correctly detected under the condition index. In this 
protocol the so-called “Nosographic Sensitivity and Specificity” is 
identical with the terms Sensitivity and Specificity.

Kappa index

The Kappa coefficient measure of agreement that factors out ex-
pected agreement. Kappa has been long used in content analysis and 

medicine to assess the reliability of tagging. In the formula in (4) is 
observed agreement, and P(E) is expected agreement. 

Results and Discussion

Tool used for simulation is Matlab2008a along with image pro-
cessing and optimization toolbox/functions. PC used is with Intel® 
Core™ i3-2330M @ 2.20GHz processor, 4GB RAM, and windows 7 
(64 bit) operating system

Figure 2: Images of result of images describing  
output of various stages of simulation.

Figure 3: Image segment 1*3 grids and Hough transform apply.
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Using Hough Transform two peaks are detected, and two lines 
corresponding to them are shown to the figure 3 for each zone.

Figure 4 shows the segmentation tasks and our results. Figure 
4(a) shows snake points derived from Hough transform method as 
blue circle. Figure 4(b) shows the interpolated points of the snake. 
Figure 4(c) shows the snake after a few iterations.

Figure 4: Processing steps for active contour.

Set the parameter for active contour

Active contours are curves that evolve/deform over time, such 
that a predefined energy is minimized. This energy is the summa-
tion of different forces, which can be broadly split into two catego-
ries: internal forces and external forces. And this way measure the 
parameter for active contour. Here, defaults values based on litera-
ture survey are taken. A contour is created by running the snake for a 
few iterations. Now, parameters are varied and iterations needed to 
reach the same contour is noted down and plotted.

The elasticity parameter of the active contour. It reflects the 
contour’s ability to stretch along its length.

Figure 5: Graph for iteration vs alpha value.

Figure 6: Graph for iteration vs Beta value.

The rigidity parameter of the active contour. It reflects the con-
tour’s ability to bend, as, for example, around corners.

Figure 7: Graph for iteration vs Gamma value.

The viscosity parameter. Larger values make it harder to de-
form the active contour in space.

This algorithm also works on this type of other images examples 
of brain, shoulder, wrist- joint etc., and following figure shown in 
this way. Here initial contour is generated by human inputs. 
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Figure 8: Graph for iteration vs Kappa value.

Here shown the different types of medical images organs and 
apply the Hough using active contour method.

First column represents the original medical image, then using 
initialization method for snake, then using initialization method 
detect the plaque, tumour etc. then taking excepted point and de-
tect the plaque, tumour etc.

Measuring parameter for using snake method
This table 3 represent the parameter for active contour using 

Hough transform. And parameter are represent the actual value, 

Original  medical     images Apply sanke (Observed) Detected  Plaque Excepted Detected plaque

Table 1: Other images using snake method.

Original medical     images Apply sanke (Observed) Detected Plaque Excepted Detected plaque
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Table 2: Medical images using snake method.
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Medical images Kappa index sensitivity specificity Positive predictive value Negative predictive value
1 0.6307 0.9257 0.9879 0.4851 0.9991
2 0.5423 0.6612 0.9913 0.4653 0.9975
3 0.5316 0.3983 0.9988 0.8184 0.9917
4 0.3991 0.4762 0.9989 0.3448 0.9931
5 0.9239 0.8730 0.9995 0.9877 0.9946
6 0.7688 0.9622 0.9969 0.6396 0.9998
7 0.9327 1 0.9955 0.8778 1
8 0.7228 1 0.9987 0.5667 1
9 0.7947 0.9993 0.9830 0.6711 1

10 0.9090 0.9983 0.9960 0.8378 1
11 0.8559 0.9090 0.9907 0.8208 0.9957
12 0.9141 0.8732 0.9931 0.9629 0.9973

Table 3: Measuring Parameter using snake method.

observed value and then this value using find the Kappa index, Sen-
sitivity, Specificity, Positive Prediction value and Negative Prediction 
value for medical images.

Other testing medical images using Chan-vese method

Now Represent the Chan-Vese method for segmentation tech-
nique, and below represent the steps for chan-vese method and 
detect the plaque, tumour etc. [1-18].

Here First take the original medical image then take actual point 
and shown the mask for this image. Then run some iteration for this 
image, detect the plaque, Tumour. Again, take the excepted point 
and create the contour. Here only I represent the two-three exam-
ples and measure the Parameter for the Can-vese method.

Measuring Parameter Using Chan vese Method.

Conclusion

In this paper mainly focused on segmentation techniques and 
it uses the active contour, Hough transform and Chan vese meth-
ods are used to build the initial profile and which is compared to the 
previous method-based snake. Snake model based on ultrasound 
intima- media division method is robust ultrasound artifacts. The Figure 9: Tumour detection using chan vese method.
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Figure 10: Shoulder’s disease detect using Chan-vese Method.

Figure 11: Wrist joint’s disease detect using chan vese method.

No Medical images Kappa index sensitivity specificity Positive predictive  value Negative predictive  value

1 0.7688 0.8320 0.9957 0.7202 0.9978

2 0.3501 0.5130 0.9543 0.2900 0.9750

3 0.3802 0.5356 0.9872 0.3047 0.9951

4 0.2238 0.2052 0.9905 0.2755 0.9861

5 0.7496 0.9368 0.9952 0.6284 0.9994
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6 0.7151 0.9539 0.9960 0.5745 0.9997

7 0.9298 0.9313 0.9980 0.9324 0.9980

8 0.8574 0.9093 0.9942 0.8187 0.9974

9 0.8567 0.9981 0.9964 0.7531 1.0000

10 0.8647 0.8863 0.9972 0.8487 0.9980

11 0.8518 0.9523 0.9885 0.7817 0.9979

12 0.8962 0.9696 0.9972 0.8360 0.9996

Table 4: Measuring Parameter using Chan vese method.

result is shown to the table 3 and table 4, it is clear that using ac-
tive contour method produces some noise and some false edges. 
Active Contour edge detector can extract the boundaries but due to 
abrupt changes in brightness levels of image, correct and smooth 
edges are not obtained. The result of Chan vese method can be 
achieved automatically and select the best edge information. Ac-
tive contour and Chan-vese method for image edge detection ap-

proach have been successfully applied. By active contour algorithm, 
some false edges occur. While using Chan-vese approach for image 
edge detection, and it is better segmentation method for diagnosis 
area. Experimental results shows that the implemented intuitionis-
tic edge detector exhibits much better performance than the com-
peting operators and efficiently used for the detection of edges in 
medical images.
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