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 Although medical image segmentation field is regarded as one of most 

established fields, still fully automatic segmentation to extract target object 

with high accuracy from intravascular ultrasound (IVUS) is very active area 

of research. In this paper, we propose a fully automatic morphological approach 

using Bezier curve in interpolating the boundaries of intima/adventitia of the 

vessel from IVUS with careful binarization algorithms. In experiment with 800 

IVUS images, the proposed method is as good as fuzzy C-means based 

approach in comparison with human expert’s result with 84.4% satisfaction 

and better than other morphological method in all performance indices of 

curve fitting with 97.02% in accuracy and 58.19% in precision. 

Keywords: 

Adventitia 

Automatic segmentation 

Bezier curve 

Intima 

IVUS This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Kwang Baek Kim 

Division of Computer Software Engineering 

Silla University 

Busan 46958, Korea 

Email: gbkim@silla.ac.kr 

 

 

1. INTRODUCTION 

Intravascular ultrasound (IVUS) is an intra-operative imaging modality that facilitates observing and 

appraising the vessel wall structure of the human coronary arteries. IVUS is regularly used to locate the 

atherosclerosis lesions in the coronary arteries to study the lumen and plaque dimensions, and to guide 

intervention and stent deployment [1]. Segmentation of arterial wall boundaries from the IVUS images is not 

only crucial for quantitative analysis of the vessel walls and plaque characteristics but is also necessary for 

generating 3D reconstructed models of the artery [2]. In particular, delineating the interior (lumen) and 

exterior (media) vessel walls is problematic due to the presence of various artifacts such as motion of the 

catheter after a heart contraction, guide wire effects, bifurcation and side branches or similar echogenicity 

between the vessel wall and some plaques. In some cases, even the differences in transducer frequencies 

affect the segmentation results [3]. Automatic detection of the vessel wall (media–adventitia) and borders of 

lumen that is at the innermost surface of atherosclerotic plaques is required to quantify the degree of stenosis 

and measure the luminal area in which blood flows. Such procedure is a basic step for the evaluation of the 

morphology of the vessel under analysis and the detection of possible atherosclerotic lesions [4, 5]. 

There have been many different approaches to find an effective segmentation result of intima-

adventitia of vessel in this problem domain. Deformable models have been used in [6-8] to detect the border 

of lumen/intima and media/adventitia. However, every first frame of the sequence needs user interactions to 

manually segment the lumen and media in this approach. Edge-tracking and gradient-based techniques are 

typically semiautomatic and require a precise initialization. They also typically rely on an energy 
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minimization (optimization) framework to achieve an accurate segmentation [9, 10] but classic active 

contours typically do not perform well on IVUS images [11]. 

There are several neural network-based approaches to this problem [12, 13]. A carefully controlled 

neural network showed competent performance with human expert [12]. A sequential forward selection 

process using support vector machine (SVM) has been employed to conduct an in-depth analysis of several 

image features in [13]. A limitation of their analysis is that it only works for artifact-free IVUS sequences. As 

we can see, most approaches have employed either a type of energy minimization method or require 

annotated data to train the neural network classifier. 

There are also several interesting approaches using fuzzy algorithms as combined with neural 

network [14] or as a fuzzy C-means (FCM) based clustering mechanism [4, 15]. In [14], the lumen is 

segmented by a combination of image gradient and fuzzy connectedness model and the media/adventitia 

border is extracted by a fast-marching model. An interesting combinatory approach proposed in [16] used 

gray-level co-occurrence matrix (GLCM) to define features of Intima and use FCM to extract adventitia. 

FCM is usually efficient to extract target object from ultrasound images but it may suffer from hard 

initialization of number of clusters as is thus some kind of dynamic control might be necessary [17]. 

In such a combined approach between FCM and morphological algorithms like [17], we need a high 

quality, well contrasted IVUS images since there are many different types of artifacts that we should exclude 

in the process [3]. There have been studies to obtain better quality images by efficient binarization techniques 

[18-20] that should be done before main fuzzy controlled algorithms are applied.  

In this paper, we propose an efficient morphological method to extract intima/adventitia without 

FCM. Instead, we apply Bezier curve in extracting adventitia. Then, based on extracted adventitia, we apply 

convex parabola to enhance the contrast for Intima area and apply binarization algorithm to extract Intima. 

The Bezier curve is popular in computer graphics and computer-aided application as well as medical image 

processing [21-25]. The Bezier curves were used to detection and interpolation of the salient points for 

approximating the boundaries of the lung fields or prostate region in those researches. Inherently, the Bezier 

curve is characterized by convex hull and the curve is contained inside control polygon, guaranteeing that the 

generated curve will not derail off its control polygon [26]. After automatic segmentation by proposed method, we 

compute the area of intima/adventitia that would be used for medical doctors in decision making process. 

 

 

2. METHOD 

The overall assumption we have for IVUS image in this research is as; 

- Assumption (1): Boundaries of adventitia has relatively higher intensity values than those of intima [16]. 

- Assumption (2): Adventitia and intima area always contain the center of the image. 

 

2.1.  Extracting adventitia 

Firstly, we apply appropriate binarization algorithm [20] to extract the candidate area of adventitia 

under assumption (1). Then the proposed algorithm searches for appropriate control point from the center of 

image (under assumption (2)) to increase the searching angle gradually. Bezier curve has parameterized 

equation for representing the curve and use multiple control point to interpolate the shape of the model based 

on Bernstein basis function. We can define the (n-1)-th Bezier curve recursively as a closed form given n 

control points by using De Casteljau algorithm as shown in (1) and (2) [27]. 

 

𝐵(𝑡) = ∑𝑃𝑖𝑏1−𝑛(𝑡)

𝑛

𝑖=0

, 𝑡 ∈ ⌈0,1⌉ (1) 

 

𝑏𝑖,𝑛(𝑡) =𝑛 𝐶𝑖̅𝑡
𝑖̅(1 − 𝑡)𝑛−1, 𝑖 = 0, … , 𝑛 (2) 

 

where B(t) is a Bezier curve with n control points Pi with time t. Figure 1 shows an example of Bezier curve 

with t=0.25 and how the curve is interpolated by multiple control points. Then, the adventitia of the vessel is 

modeled as connecting and expanding Bezier curve as shown in Figure 2. 

 

2.2.  Extracting intima 

Then, the next step is extracting Intima. In order to enhance the intensity contrast between 

adventitia/intima boundary lines and other areas in the region of interest (ROI) that contains already extracted 

adventitia by method explained in section 2.1, we apply convex parabola equation as shown in (3).  
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𝑓(𝑥) = 255 (
𝑥

127
− 1)

2

 (3) 

 

The applied convex parabola equation transforms the given intensity value to emphasize the highest 

and lowest values and deemphasize the neutral intensity as shown in Figure 3. And the effect of such 

treatment is shown as Figure 4 (b). The final extraction of Intima needs binarization procedure and labeling 

procedure to form the object model and the result is as shown in Figure 4(c). Since all given IVUS images 

have the same size in that 2,500 pixels are within 1mm2 area thus we can compute the area within the 

adventitia and Intima of the vessel as counting pixels inside the area (the variable ‘x’ of the (4)) under (4). 

The result or the proposed method displays both Adventitia and Intima area as shown in Figure 5. 

 

𝑓(𝑥) =
𝑥

2500
 (4) 

 

 

 

  
(a) (b) 

 

Figure 1. Bezier curve example 

 

Figure 2. Extracting adventitia; (a) binarized IVUS 

input, (b) extracted adventitia 

 

 

 
 

Figure 3. Transform of intensity be convex parabola function 

 

 

 
(a) 

 
(b) 

 
(c) 

 

Figure 4. Extraction of intima; (a) input image, (b) convex parabola effect, (c) intima extracted 
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(a) 

 
(b) 

 
(c) 

 

Figure 5. Adventitia/intima display by the proposed method; (a) intima, (b) adventitia, (c) combined 

 

 

3. RESULT 
The proposed method is implemented using visual studio 2017 C# with Intel® Core™ i5-6200 CPU 

@ 2.50 GHz and 8 GB RAM with 800 IVUS images obtained from Baek Hospital located in Busan, Korea. 

We demonstrate several examples of intima/adventitia extractions by proposed method as shown in Figure 6. 

To evaluate the performance of the proposed method, we take pathologists’ manual examination result as the 

gold standard and see how much the system’s discrepancy is in area as shown in Table 1. 

 

 

 
(a) 

 
(b) 

  

 
(c) 

 
(d) 

  

 
(e) 

 
(f) 

 

Figure 6. Examples of adventitia/intima extractions by proposed method; a) input, (b) extracted, (c) input,  

(d) extracted, (e) input, (f) extracted 

 

 
Table 1. Area discrepancy by proposed method in mm2 

Discrepancy # of Images Rate 

<15 602 75.3% 

15~20 32 4.0% 

20~25 41 5.1% 
> 25 125 15.6% 

Total 800 100.0% 
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Field experts evaluated the system’s performance as ‘excellent’ in 75.3% of the cases (<15 mm2 

discrepancy) but not satisfied with cases having over 25 mm2 thus the satisfaction rate would be 84.4% and 

that is similar to the best reported parameterized cases of FCM of 86% [4]. Another performance measure we 

take is the actual discrepancy rate from human expert’s decision with true positive rate and false positive rate 

as well as precision and accuracy that are defined as (5) to (8). 

 

𝑇𝑃𝑅 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
× 100 (5) 

 

𝐹𝑃𝑅 =
𝐹𝑃

𝐹𝑃 + 𝑇𝑁
× 100 (6) 

 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃_𝐹𝑃
× 100 (7) 

 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝐹𝑃 + 𝑇𝑁

𝑇𝑃 + 𝐹𝑃 + 𝑇𝑁 + 𝐹𝑁
× 100 (8) 

 

where TP, FP, TN, FN denote true positive, false positive, true negative, and false negative, respectively. We 

also implement method in [16] that is most like our proposed approach. Table 2 shows the comparative 

performance result. 

 

 

Table 2. Comparative performance result 
Measure Previous [16] Proposed 

TPR 96.45% 98.65% 
FPR 3.24% 3.11% 

Precision 55.34% 58.19% 

Accuracy 96.83% 97.02% 

 

 

The proposed method is better in TPR and precision performance measure and slightly better but not 

statistically significant in accuracy and FPR. This means that the proposed approach is more like human 

expert’s decision especially in true positive area. Figure 7 demonstrate human expert’s decision, previous 

result, and the proposed method’s result, respectively. 

 

 

 
(a) 

 
(b) 

 
(c) 

 

Figure 7. Improved case ibn performance; (a) human, (b) previous [16], (c) proposed 

 

 

4. CONCLUSION  

Although medical image segmentation is an established and mature field, fully automatic 

segmentation of medical image data remains an unsolved problem due to the size of the dataset, the 

complexity of anatomical shapes, overlap of gray level values between neighboring tissues and organs, lack 

of consistently distinct boundaries and sampling artifacts and noise. Making fully automatic segmentation of 

intima/adventitia area from IVUS that contains many types of artifacts in the image is much necessary 

attempt that can get rid of operator subjectivity in the analysis. In this paper, we propose a fully automatic 

segmentation method using Bezier curve in adventitia/intima boundary interpolation. To successfully 

reconstruct a surface model from contours, it is important to accurately identify and extract features of interest 

from medical images and Bezier curve interpolation is a feasible approach as we demonstrate in this paper. 
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In experiment with 800 vessel IVUS images, the proposed method shows as good as the best result 

of reported FCM clustering approach in overall discrepancy from human expert’s manual measurement 

where 84.4% cases have less than 25 mm2 discrepancy. We take further curve fitting analysis and the 

proposed method is better than or as good as the previous most similar approach in all performance indices in 

direct comparison. The proposed method showed more overestimation of the area between adventitia and 

Intima than underestimation in the post-hoc analysis thus more conservative treatment is needed for the 

future research. 
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