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Abstract 
 
IVUS is the modality to investigate the internal structure of the coronary artery. Segmentation is necessary to differentiate the lumen, the 
media-adventitia and others feature that appears on the modality, but manual segmentation is tedious and time-consuming. To enhance 
the computational segmentation, this paper presents the process to segment catheter shape, inner and outer layer of the artery. The new 
algorithm is proposed to detect the catheter shape and percentage of the accuracy is 100%. We also provide information on detection of 
lumen and media-adventitia border and area using a parametric deformable model algorithm with gradient vector flow as the external 
force. The Percentage Area of Difference (PAD) value for the segmentation is below than one, indicate that this proposed method is 
highly encouraging for IVUS segmentation process. Based on the inner border detected, media-adventitia boundaries also can be detected 
without manual initialization points. This work is important to facilitate the process of the 3D reconstruction of the coronary artery. 
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1. Introduction 

IVUS segmentation refers to the process to detect and identify 
certain structures within the IVUS image[1]. The structures in-
cluding the catheter shape, area and border of the lumen, area, and 
border of media-adventitia and the plaque distribution. The pur-
pose of the detection is to allow the measurement of the artery in 
term of shape, area, thickness and eccentricity [2], [3]. In other 
words, IVUS segmentation helps in measuring the cross-sectional 
area of the vessel [4]. From the measurement, it helps to quantify 
the plaque burden that exists between the lumen and media-
adventitia borders [5], [6]. Furthermore, the plaque distribution 
according to the types and volume could be characterized [7].  
The importance of the computational IVUS segmentation was 
supported by the drawbacks of the manual routine. [2]–[4] agreed 
that manual segmentation is tedious and time-consuming. Inter- 
and intra-observer variability also one of the factors why computa-
tional IVUS segmentation is urgently needed [3], [5]. Inter-
observer variability is referring to the variation of the finding or 
result when two or more observers diagnose the same subject, 
whereas the intra-observer is the variation of finding from one 
observer when she/he diagnoses the same subject for multiple 
times.  Besides that, the expert also needs to deal with a series of 
images either in the same modality or not [8].  
 IVUS segmentation is necessary because it will subdivide the 
image into separate regions for further investigation and process 
[9]. The shortcoming of previous IVUS segmentation process has 
ignored the appearance of the catheter shape [4]. However, this 
shape is important because it is one of correspondence mark when 
the cardiologist refers to the Angiography modality. Another 
drawback in IVUS segmentation approach is to transform the 

original image to the polar format and needs several steps of im-
age enhancement before the segmentation process takes place.           
This practice can degrade the quality of the image. Furthermore, to 
improve the ability of IVUS segmentation, the techniques should 
allow media-adventitia area detection automatically. Thus, the 
objective of this paper is to propose a novel IVUS segmentation 
approach in addressing those issues. We have proposed to detect 
catheter shape region that appears on the IVUS image using 
threshold normalization and extracts the boundary using labeling 
technique. Then, the parametric deformable model is used to de-
tect an area of the lumen. Finally, we manage to detect the media-
adventitia based on the lumen boundary results. 
The next section of this paper is literature review where we dis-
cuss the existing research on IVUS segmentation. After that, we 
cover the methodology of this work starting with image prepro-
cessing to the outer layer detection. We present our finding in the 
result and discussion section. Lastly is our conclusion toward this 
IVUS segmentation process. 

2. Literature Review 

The process of IVUS segmentation consists of image acquisition, 
pre-processing and filtering, border and structures detection and 
some works came out with plaque classification such as [10]. 
There are a lot of studies on IVUS segmentation [7], [11]–[18], 
where the early studies had been reviewed by Katauzian et al. in 
[9]. 
Recently, Su et al. in [5] proposed to combine Artificial Neural 
Network (ANN) and active contour model to segment lumen and 
media-adventitia layer. In [19], they used Fuzzy approach com-
bined with Haar wavelet to detect the lumen. Debarghya China et 
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al. [20] suggested initialization points between lumen and media-
adventitia layer and used random walks algorithm to segment the 
inner layer.  Yan and Cui [3] used fuzzy connectedness algorithm 
and image gradient where they highlight three features of IVUS 
image. The features are lumen area consists of homogeneous 
intensity; media-adventitia border has high gradient value and 
lumen border also has high gradient value but less than media-
adventitia border. Based on these features, the IVUS image needs 
to be transformed into the polar image before it can be segmented.  
Media-adventitia border detection based on Otsu thresholding 
approach had been proposed by Sofian et al. [1]. They used the 
detected threshold value for morphological operations, erosion, 
and dilation. Hamdi et al. [10] used contourlet transform approach 
to filter the IVUS images before the morphological snake algo-
rithm is used to segment lumen and media adventitia. The concept 
of the algorithm is a morphological discretization of the Partial 
Differential Equations (PDE) of curve evolution of the geodesic 
active contours in a level set framework. 
Temporal texture and analysis is the method used by Chen & 
Gangidi to determine lumen and media-adventitia border or exter-
nal elastic membrane (EEM) [21]. The concept they applied in 
their segmentation is lumen contour can be traced based on finest 
texture and homogeneous intensity. After that, the media-
adventitia border can be detected based on the coarse-most texture 
located outside the lumen border. They used IVUS images in polar 
format.  
Sun et al. [22] presented IVUS segmentation method using graph-
based approach. The system allowed refinement from user to cor-
rect the segmentation. In [23], Lazrag & Naceur proposed IVUS 
segmentation method based on the level-set model and the con-
tourlet multiresolution analysis. The Hough transform is adapted 
to yield the initial contours of lumen border and media-adventitia 
borders.  
In [24], Ciompi et al. assumed only a few regions can be recog-
nized as media-adventitia, and this region can determine using 
spatial features of the vessel. Based on that assumptions, they used 
a polar view to classify the region and detect the border. 
Table 1 briefly presents those works that had been described in 
term of the ability to detect inner and outer border of the IVUS, 
and technique used. For catheter shape detection, we found most 
of the works not mentioned about this region except Hamdi et al. 
where they used Hough Transform algorithm to detect the region 
and used as initial points for IVUS segmentation. In [19], this 
region is removed and in [25], they set the initial points around the 
catheter region to segment the lumen.  As we mentioned before, 
there are various techniques used for IVUS segmentation, where 
the experiment methods also vary and various aspects should be 
considered [9]. Balocco et al. have discussed many aspects of 
evaluating IVUS segmentation [26].  
An example the study that used Snake algorithm to detect lumen 
and media-adventitia is by Zhu et al. [25]. This study used nonlin-
ear filtering and added balloon force to ensure the convergence 
move to the border smoothly. Zheng et al. [27] also proposed 
Snake algorithm to detect the borders. 

3. Methodology 

In this research, we start with data collection and pre-processing 
the images. Next is the step to detect the catheter shape followed 
by the inner and outer layer detection using deformable model. 

3.1. Pre-Processing Image 

Preprocessing as an essential step in image processing procedure 
to remove noise from the image and enhance the quality of image 
for further process[28], [29].  30 samples of IVUS image were 
selected from three (3) patients data that we collected from a re-
pository of Catheterization Lab, Clinical Training Centre (CTC), 
Universiti Teknologi  MARA (Sg.Buloh), Selangor, Malaysia. 

In this study, a median filter (3x3), Gaussian filter (3x3) and con-
trast adjustment techniques were compared. Fig. 1 shows the com-
parison between those preprocessing techniques. Contrast adjust-
ment preprocessing was selected because it promises better visual-
ization of the image and widely used for medical image processing 
[30]. 

 

 

 
Fig. 1: A Sample of Original IVUS Image after Preprocessing (a) 
Median filtering (b) Gaussian filtering (c) Contrast Adjustment 
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R
ef. 

Image Acquisition Preprocessing 
&Filtering 

(CS) (L) (MA) Technique 

[5
] 

538 images Applied polar coordinate 
transformation. 
Mean Filter. 

 / / Artificial Neural Network with Active Contour 
Model 

[1
9] 

11 Samples Taken from 
Volcano Website with Ref-
erence 
Size: 
512 x 512 

Applied polar coordinate 
transformation. 
Median filter 

Removed /  The combination of algorithms including Haar 
wavelet to estimate the lumen boundary 

[2
0] 

147 images 
System:  Boston Scientific 
Size: 512 x 512 

Fuzzy contrast enhancement 
technique 

 /  Seed selection and random walks algorithm 

[3] System: Volcano IVG3 
IVUS 
Size: 
500 x 500 

Applied polar coordinate 
transformation 

 / / Lumen: Fuzzy and threshold approach 
Media Adventitia: Fast marching technique 

[1
], 
[28] 

Dataset B [26]   / / Otsu thresholding and morphological operation 

[1
0] 

50 IVUS images 
Size: 
356 x 356 

Applied contourlet transform / / / Morphological Snake 

[2
1] 

2293 IVUS images 
Size: 
256 x 256 

Laplacian operator  / / Temporal Texture Analysis 

[2
2] 

20 MHz intravascular ultra-
sound (IVUS) image se-
quences 

  / / Graph-Based Segmentation 
- Layered Optimal Graph Image Segmen-

tation of Multiple Objects and Surfaces 
(LOGISMOS) 

[2
3] 

Using simulated images and 
real IVUS images. 

Applied contourlet transform  / / Level Set Method and contourlet transform 

[2
4] 

A dataset with 
20MHz/40MHz IVUS sys-
tem 

Applied polar coordinate 
transformation 

  / Classifications based on morphological regions 

[2
5] 

20 images (aorta of rabbits) 
from 40MHz IVUS system. 
Size: 
512 x 512 

  / / Gradient Vector Flow (GVF) Snakes. 

[2
7] 

IVUS images Applied Canny Edge Detec-
tion and Circle Hough Trans-
form 

 / / Gradient Vector Flow (GVF) Snakes 

(CS): Catheter Shape (L): Lumen (MA):  Media-Adventitia 

3.2. Catheter Shape Detection 

The shape of the IVUS catheter can be seen in the middle of the 
IVUS image as one complete circle, and the pattern is solid. It is 
important to detect this shape because the boundary of the shape 
not only can be used as initial points in the inner layer segmenta-
tion process, it is also usable in the trajectory reconstruction for 
image registration with Angiography modality.  
Based on the literature review, only Hamdi et al. detect the region 
to be used as initialization points for lumen segmentation. The 
work used a well-known algorithm to detect circular shape which 
is Hough Transform’s algorithm. According to [31], the technique 
provides a promising result for clear circular structures but com-
plex in the parameter. As an alternative to catheter shape detection 
using Hough Transform approach, we offer new algorithm to de-
tect the shape. It starts by preprocessing the image to highlight the 
region and reduce the speckle noise. The next step is to separate 
the region using threshold technique. To smooth the region, we 
have normalized the threshold value.  After that, the region is 
labeled, and the center point value of the image is assigned as 
initial. Then the shape of the catheter is extracted. Lastly, the 
boundary is plotted on the original image and we store the value, 
the x- and y-coordinates of the boundary. Fig. 2 shows the sample 
of IVUS image and the location of catheter shape.  
 

 
Fig. 2: An Original Image of IVUS with Catheter Shape Location. 

 

3.2.1. Threshold Value Normalization 

The threshold is a simple technique to separate the region based 
on the image intensity specific value before the binary image is 
created. After preprocessing for 30 images were completed, the 
threshold value for each sample was determined.  The range of 
pixel intensity value was adjusted using normalization between 0 
to 1. The purpose of the adjustment is to highlight the appearance 
of the shape and to easily detect it in the next phase. The samples 
were tested with the minimum and maximum value of 0 and 1 
respectively. From the observation, the maximum value is divided 
into two (2) makes it 0.5. and afterward 0.25, 0.05, 0.025 and 

Table 1: A list of Previous Works on IVUS Segmentation Process 

Catheter Shape 
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0.0125. The last value is selected, as the suitable normalization 
value that can project the catheter shape region on the IVUS im-
age. 

3.2.2. Labeling and extraction 

Afterward, the samples go through labeling process. The connect-
ed component labeling algorithm has been described in [32]. The 
algorithm will compute all the connected components in a binary 
image. The result is a matrix that contains the number of connect-
ed regions and the label of each region. So, the center point of the 
image is initialized as (256,256), according to the height and width 
of the image as shown in the schematic diagram in Fig. 3. 

 
Fig. 3: The Center Point Surrounded by the Catheter Shape Region. 

 

The reason is, the catheter shape region is in the middle of the 
IVUS image. Extraction of the region was done according to the 
label of the center point. The rule is if the label is not equal to the 
center point’s label, the label will be changed to zero (0) that 
means ‘black’ and if true, the label changed to one (1), white. Fig. 
4 shows the pseudo code for the labeling and extraction process. 
An example of the output shown in Fig. 5(a). 
 

 
Fig. 4: The Pseudo Code for Extraction and Labelling Process. 

 

3.2.3. Boundary Detection and Plotting 

The boundary is a connected set of points that surrounded the 
interior points.  From the result of the detection, the boundary of 
the catheter shape was traced and plotted to the original image as 
presented in  Fig. 5(b). 

 

 
Fig. 5: (a) Catheter Shape Detection after Labeling and Extraction 
Process. (B): Boundary of Catheter Shape was Plotted on the Original 
Image. 
 

3.3. Inner and Outer Layer Detection 

3.3.1 Deformable Model 

Deformable model is a high-level segmentation method where the 
curves or surfaces move within an image under the influence of 
internal forces and external forces [33]–[36]. The internal forces 
defined within the curve or surface to keep the model smooth 
during deformation, while the external forces computed from the 
image data as the purpose to move the model toward the bounda-
ry[33]–[36]. There are two types of deformable models, paramet-
ric and geometric deformable models. Parametric Deformable 
models explicitly represent the curves and surfaces in their para-
metric forms during the deformation [36]. For the second type of 
deformable models, the implicit forms are used to handle the topo-
logical changes in an image based on the theory of curve evolution 
and the level set method [37]. 
Active contour or snakes are one type of parametric deformable 
model proposed by [38]. It was started by Snakes algorithm search 
for minimal energy state expressed as a set of points, (x,y) that 
defines a function:  
 

𝑣𝑣(𝑠𝑠) = �𝑥𝑥(𝑠𝑠),𝑦𝑦(𝑠𝑠)�, 𝑠𝑠 ∈ [0,1]   (1) 

 
where 𝑠𝑠 is a member between 0 and 1.  
 
The Snake's energy functions measure the appropriateness of the 
contour is defined as: 

 

𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 � (𝐸𝐸𝑖𝑖𝑠𝑠𝑖𝑖
1

0
�𝑣𝑣(𝑠𝑠)� + 𝐸𝐸𝑠𝑠𝑒𝑒𝑖𝑖(𝑣𝑣(𝑠𝑠)))𝑑𝑑𝑠𝑠 

(2) 

 
Where 𝐸𝐸𝑖𝑖𝑠𝑠𝑖𝑖 in (2) represents the internal energy of the snake and 

(a) 

(b) 
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𝐸𝐸𝑠𝑠𝑒𝑒𝑖𝑖 is external energy. The internal energy of the snake can be 
represented as: 

 
𝐸𝐸𝑖𝑖𝑠𝑠𝑖𝑖 =  𝛼𝛼|𝑣𝑣′(𝑠𝑠)|2 +  𝛽𝛽|𝑣𝑣"(𝑠𝑠)|2 

(3) 

 
Where 𝑣𝑣′(𝑠𝑠) and 𝑣𝑣"(𝑠𝑠) are the first and second order derivatives 
respectively that force the contour to be continuous and to be 
smooth. The weighting parameters 𝛼𝛼 control the stretch between 
the points and 𝛽𝛽 control the curvature. The external energy of the 
snake  𝐸𝐸𝑠𝑠𝑒𝑒𝑖𝑖(𝑣𝑣(𝑠𝑠)) can be defined as an energy that we extract 
from the image to emphasize the region so that the contour attracts 
towards the closest boundaries. In this work, Gradient Vector 
Flow (GVF) introduced by Xu and Prince [35] was used as the 
external energy. As reported in [34], this technique has an ad-
vantage in shaping contour into boundary concavities. Other than 
that the works in [7], [18] proven that the Snake GVF is the best 
method for lumen area and border detection.  

3.3.2. Lumen Detection 

The inner or lumen contour initialization points are required to 
guide the GVF algorithm to do the segmentation. For the algo-
rithm, the value of parameters α and β are 0.15 and 0.05 respec-
tively. The initialization points move to the expected region and 
draw a significant line around the expected region. Fig. 6 shows 
the detected lumen border for the sample of IVUS image. 

3.3.3. Media-Adventitia Detection 

From the result of the inner layer detection, we set it as the initial-
izations points for outer layer detection. Once again, the deforma-
ble model algorithm used in this process and the sample of the 
detection shows in Fig. 7.  

 

 

 
Fig. 6: Inner Border Detection Process. (a) Initialization points (b) 
Snake GVF Segmentation (c) Inner Border Detected 

4. Results and Discussion 

The implementation of the algorithm to detect the catheter shape 
was performed on 30 IVUS cross-sectional images. The proposed 
algorithm identified 30 regions of catheter shape on the images. 
Using the same IVUS images, the proposed algorithm was com-
pared with the Hough Transform algorithm [39], which directly 
detect the circle shape. This algorithm used by [10] to detect the 
circle shape in IVUS image as automatic initialization points for 
their developed segmentation method.  As the result, the proposed 
method successfully detects the catheter shape in all images, but 
the existing algorithm managed to detect the circle shape on the 28 
images, failed to detect the catheter shape in two images. The 
evaluation results show in Table 2 implies that the proposed algo-
rithm is better than the Hough Transform’s method. The proposed 
algorithm is 100% accurate in detecting the circle shape of the 
catheter, while the accuracy of the state-of-the-art method was 
96.5%. 

  

(a) 

(b) 

(c) 

(a) (b) 
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Fig. 7: Outer Layer Detection Process. (A) Initialization Points (B) 
Snake GVF Segmentation (C) Outer Border Detected. 

Table 2: Comparison between the Proposed Method and the Hough Trans-
form’s Method 
Performance Measure-

ment 
PROPOSED 
METHOD 

Hough Transform’s 
Method 

Precision 100 100 
Recall 100 93 

Accuracy 100 96.5 
In the first stage of this proposed method, we used contrast ad-
justment as the technique to enhance the IVUS image. The con-
trast adjustment technique was selected is due to the advantage of 
it in keeping the details of the image. This technique always used 
in medical image preprocessing step because it could maintain the 
quality of the image [30]. We proposed to use 0.0125 as a value to 
normalize the image intensity after many values were tested ac-
cordingly. Using this normalized threshold value make the cathe-
ter shape region in the IVUS image being spotted clearly and the 
noise around the region was decreased. Labeling and extraction 
process is still needed because we want to trace the boundary of 
the catheter shape. The value that we store could be used in lumen 
segmentation process and usable in trajectory reconstruction.  
For inner and outer layer detection, two cardiologists from the 
Clinical Training Centre (CTC), University Technology Mara 
(Sg.Buloh) segmented the same data images manually to evaluate 
the results of the experiment. These data were used as manual 
reference segmentations drawn by experts normally approximate 
ground truth and the experts were blinded to the other cardiolo-
gist’s segmentation and to the results of the proposed method. The 
sample of the annotations from the gold standard and the proposed 
method’s results for inner and outer borders as shown in Fig. 8, 
where the blue line represents one of the gold standard segmenta-
tion and the red line is our detection results.  

 

 

 
Fig. 8: (a) Inner and Outer Layers have been Detected (B) Inner Border 
Detection of the Proposed Method Compared to the Gold Standard (C) 
Outer Border Detection of the Proposed Method Compared to the Gold 
Standard. 

The distribution of the result for lumen and media-adventitia seg-
mentation between experiment and the gold standard shown in 
Fig. 9 and Fig. 10 respectively. As can be seen, the area of lumen 
detected by proposed method approaches the value segmented by 
the reference 2. However, in the media-adventitia segmentation, 
the values obtained by the proposed method closer to the value 
obtained by the reference 1.  
Percentage Area of Difference (PAD) [1], [26] is used to evaluate 
the difference of the lumen area for the proposed method and the 
gold standard segmentation. PAD is computed as: 

 

𝑃𝑃𝑃𝑃𝑃𝑃 =
|𝑃𝑃𝑠𝑠𝑎𝑎𝑖𝑖𝑎𝑎 − 𝑃𝑃𝑚𝑚𝑠𝑠𝑠𝑠|

𝑃𝑃𝑚𝑚𝑠𝑠𝑠𝑠
 

(4) 

 
The value should be zero if the segmentation is perfect [1]. The 
results of this work can be seen in Table 3. 
From the table, the PAD for lumen segmentation between the 
experiment and the first ground truth is 0.27 and for the media-
adventitia segmentation is 0.10. Comparison with second ground 
truth, the lumen segmentation is 0.07 and media-adventitia is 0.31. 
Even our segmentation result is highly encouraging, yet we also 
determined the change between both references, 0.16 for lumen 
and 0.28 for outer layer segmentation. The variability of the re-
sults implies that the existing of the inter observation in the pro-
cess of manual segmentation. To ensure the finding is acceptable 
in the clinical practice, it is suggested to have odd numbers of 
reference and the variability of the finding should be reviewed by 
the expert. 
Table 3: The Average Of PAD Value for Lumen and Media-Adventitia 
Segmentation Between the Proposed Method and the Gold Standards. 

PAD Lumen Media-Adventitia 
Experiment : Reference 1 0.27 0.10 
Experiment : Reference 2 0.07 0.31 
Reference 1 : Reference 2 0.16 0.28 

 

(c) 

(a) 

(b) 

(c) 
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Fig. 9: Area of Lumen for 30 IVUS Images Between the Proposed Method Compared to the Gold Standard Segmentation. 

 
Fig. 10: Area of Media-Adventitia for 30 IVUS Images between the Proposed Method Compared to the Gold Standard 
Segmentation. 

5. Conclusion  

In conclusion, this paper describes the complete process of 
IVUS segmentation. A new algorithm to detect and segment 
the catheter shape is introduced. From the experiments, the 
algorithm has successfully segmented the shape with 100% 
accurate. The output from this segmentation could be used as 
correspondence points to merge IVUS and Angiography mo-
dality. After that, we used the parametric deformable model to 
detect an inner and outer layer of the IVUS. The combination 
of parametric deformable algorithm and the gradient vector 
flow energy allow better performance in the segmentation. The 
result of inner detection border could be used as initial points to 
the media-adventitia detection.  
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