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Abstract—To evaluate atherosclerosis, common carotid 
artery (CCA) lumen segmentation requires outlining the 
intima contour on transverse view of B-mode ultrasound 
images. The lumen contours are automatically segmented 
using a morphology method in this paper. The proposed 
method is based on self-adaptive histogram equalization, 
non-linear filtering, Canny edge detector and morphology 
methods. Experiments demonstrated that the merit (FOM) 
value of lumen segmentation is 0.705. The comparison 
between proposed method and manual contours on 180 
transverse images of the CCA showed a mean absolute 
error of 0.47±0.13 mm and mean max distance of  2.08±
0.63 mm respectively. These results compare favorably with 
a clinical need for reducing use variability. 
 
Index Terms—Common Carotid Artery (CCA), B-mode 
Ultrasound (US), Transverse View, Morphology, Lumen 
Contour Segmentation 
 

I.  INTRODUCTION 

Stroke is the most serious, common neurological 
problem globally and the second leading cause of 
mortality around the world [1]. Carotid atherosclerosis is 
the major cause of ischemic stroke, amounting to almost 
90% of strokes. Patients who have at risk of stroke are 
treated with lifestyle, medical treatment and dietary 
changes. Therefore, it is important to monitor carotid 
plaques progression and regression in patients for 
assessing the efficacy of the treatment.  

Parameters measurement and analysis to diagnose the 
cerebrovascular and cardiovascular pathologies have 
been shown significant attention in the coming year [2]. 
Ultrasound has been employed as the valid standard for 
inexpensive but non-invasive clinical diagnosis of 

atherosclerosis [3, 4] (the hardening of the arteries). The 
significance of the common carotid artery is that the 
long-term outcome of patients with carotid artery disease 
rest on modifying risk factors for circulation problems 
that can also lead to blockage in the heart, which would 
cause morbidity and mortality [5].  

Segmentation and identification of CCA lumen in B-
mode US images is an important step in evaluating 
arterial disease severity and finding vulnerable 
atherosclerotic plaques susceptible to rupture causing 
stroke [6]. Because of the complexity of anatomical 
structures, much noise as well as the requirement of 
accurate segmentation, interactions are needed between 
observers and computer segmentation algorithms. 

Although interactivities provide users with the control 
over the final result of segmentation, they also introduce 
the potential for errors and variability because of the 
variable interaction among inter-observers and intra-
observers. Accurate labeling the geometry of lumen in 
CCA is a crucial step in the assessment and management 
of the risk of heart attack or stroke. Therefore, the aim of 
the present study is to segment the lumen contour of 
CCA automatically and reduce medical physicians’ daily 
boring and tedious workload to label the boundary 
manually. 

Contour identification in US images is still a challenge 
and difficult problem due to the lack of automation. And 
currently, most physicians segment the CCA inner region 
and related tissues in US images by manually tracing the 
boards to best fit the data based on their practitioner 
experience. Several studies are being conducted to 
improve the quality and detection within US images. 

 Haller and G. Li tried to measure the intima media 
thickness (IMT) of the arterial wall from longitudinal 
section by using a computerized method and active 
contour model [7, 8]. However, its role in clinical 
practice is not clear yet, as although IMT does predict 
cardiovascular risk, its addition to traditional risk factors 
in predictive risk models does not seem to improve risk 
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classification [9]. And the region to select for IMT 
measurement is still a problem [10]. 

Two new methods proposed by Jun Wan et al. [11] for 
recognizing B-mode US imaging of CCA also in 
longitude view rather than cross section view. 

Jayanthi K. B. [12] proposed a scheme for only 
detecting the normal regions in carotid artery US images. 
However, no step was taken to remove the noise in the 
images and therefore the contour obtained was not close 
to nature. 

Fast Marching Method (FMM) had been developed for 
vascular US image segmentation, though most were 
developed for intravascular ultrasound (IVUS) images 
[13, 14]. 

L. Lou and M. Ding used particle motion mechanics to 
segment object boundaries, [15] but it is sensitivity to 
noise within US image.  

N. Sang [16] and E. Kyriacou [17] dealt with the 
problem via morphology method on enhancement and 
classification rather than segmentation. 

None of the methods discussed above have segmented 
the lumen contour from US images directly. In this paper, 
a novel algorithm base on morphology method is 
presented in order to segment lumen contour 
automatically on transversal section of the artery. And the 
contour could be easily used for physicians. 

The following of this paper is organized as follows. In 
Section II, the proposed scheme modules are details 
explained in details. The results of the scheme are shown 
in Section III. Section IV and Section V will contain the 
discussion and conclusion. 

II.  PROPOSED METHOD 

This paper is combined with the following series of 
steps to detect and segment the lumen wall: 

Step1: Image acquisition through US; 
Step2: Self-adaptive histogram equalization to improve 

the contrast of the US image; 
Step3: Non-linear filtering to reduce speckle noise; 
Step4: Extracting the edge data; 
Step5: Creating a closed region of the lumen wall 

using morphological operation; 
Step6: Creation of concrete contour of the lumen wall; 
Step7: Overlapping lumen contour on original US 

image. 
In the following subsections, each step will be 

discussed in details and all the steps are combined as a 
pipeline for a whole scheme. 

A.  Image Acquisition 
All the arterial scans were performed using a 

Philips/ATL HDI 5000 US machine with a L12-5 probe 
(central frequency of 8.5 MHz) attached to a motorized 
linear mover 3D US acquisition system [18, 19]. The 
probe moved along the neck at a uniform speed of 3 
mm/s around the bifurcation (BF) of the CCA in 
measurement of all subjects. A Pentium III computer 
with a frame grabber digitized two-dimensional 2D 
frames at 30 Hz from the ultrasound machine. The pixel 
size of 2D frames was 0.1 mm in both lateral and axial 

directions, whereas the average number of pixels was 391 
and 266 in lateral and axial directions, respectively. The 
3D images were then reconstructed from the set of 2D 
frames during the scan. Since this study focused on 
segmentation of lumen contour, we only analyzed the 
special region, which from bifurcation extended 15 mm 
into the CCA. 3D US carotid artery image as shown in 
Figs. 1 and 2. 

Fig.1 showed that 3D US carotid artery image to be 
segmented from bifurcation extended 15 mm into CCA. 
And the segmentation was performed on parallel slices 
separated by 1 mm as shown in Fig. 2. Therefore, the US 
images are recorded for each subject to show the 
transverse view of the CCA. 

 

 
Figure 1.  Regions to be segmented from BF extended 15 mm into 

CCA. 

 
Figure 2.  Segmentation to be performed on parallel slices separated by 

1 mm. 

B.  Histogram Equalization 
Currently, US images have the tendency to be 

extremely low in contrast. Histogram equalization was 
used to improve the contrast of the image without 
affecting the structure of the information contained. 
Moreover, self-adaptive histogram equalization enhances 
the contrast of the grayscale image by transforming the 
values using contrast limited adaptive histogram 
equalization (CLAHE).  

CLAHE operates on small regions in the image, rather 
than the entire image. Therefore the contrast, especially 
in homogeneous areas, can be limited to avoid amplifying 
the noise in the image. 

C.  Speckle Reduction 
US images have some inherent problems, including 

speckle noise and interference. This pre-processing step 
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evolved non-linear filtering to de-noise using Speck 
Reducing Anisotropic Diffusion Method (SRAD). SRAD 
method has been used to enhance the edges by inhibiting 
diffusion across edges and allowing diffusion on either 
side of the edge. Speckle smoothing is carried out by 
considering an intensity image. The output image has 
been evaluated using a series of Partial Derivative 
Equation (PDE) in [20].  

This SRAD-PDE is adopted because it exploits the 
instantaneous coefficient of variation in reducing speckle 
and provides superior performance over conventional 
anisotropic diffusion method in terms of smoothing 
uniform regions and preserving edges and features. 

D.  Edge Detection 
There are many edge operators such as Roberts, 

Prewitt, Robinson, Kirsch, Laplacian and Frei-Chen [21]. 
Edge-based techniques are computationally fast and do 
not require a priori information about the image content.  

Empirically, we found that Canny gave accurate 
representation of the true edge of the CCA lumen while 
helping eliminate the false lines due to speckle noise in 
the prior step of US images. 

E.  Morphology operation 
Our aim is to find lumen contour and segment region 

enclosed by the boundary. However, a common problem 
is that the edges may not enclose the object completely. 
Morphological operators are used as a post-processing to 
clean the edge dataset generated by the Canny edge 
detector. Generally speaking, OPENING smoothes the 
contour of an object, breaks narrow isthmuses, and 
eliminates thin protrusions. CLOSING tends to smooth 
sections of contours, as opposed to OPENING, and it 
generally fuses narrow breaks and long thin gulfs, 
eliminates small holes, and fills gaps in the contour. 
Therefore, in order to create concrete contour of the 
artery wall, CLOSING is reasonable. Gaps and holes in 
the plaque contour can be eliminated and sealed by using 
a morphological close function. 

Different structuring elements (SEs) could be used to 
close the lumen contour. When using morphological 
closing with US images presented, a SE of size N by N 
with octagon is used and N was empirically chosen as 21 
to be geared for the highest degree of accuracy. The SE 
provides the necessary size to seal the plaque contour on 
the B-mode US image. A flat and octagonal SE gives a 
better representation of smooth lines since the lumen is 
actually irregular in some stenosis cases. Here N must be 
a nonnegative multiple of 3. 

F.  Contour Extraction 
Following the closing of the US images, contour 

extraction is applied also via image morphology. This is 
achieved by using a dilation function, with a SE of 3 by 3 
in size, and by subtracted this resulting image from the 
non-dilated contour image, as shown in (1): 

 ( ) ( )Contour X X Y X= ⊕ − . (1) 

Y represents the SE, and dilation of X by  is 
denoted as 

Y
X Y⊕ . Finally, single pixel lumen contour is 

remained.  

G.  Image Composition 
The final contour is superimposed on the original US 

image for the physician evaluating the disease. The 
desired segmented region can be selected and for further 
examined. 

III.  RESULTS 

A whole scheme of our method was shown in the 
following pictures. And an example of B-mode US cross 
sectional images of CCA was used. Fig. 3 shows an 
example B-mode US image of transversal section. Note 
that the image quality is not good and the contrast is low. 
Fig. 4 shows the histogram equalized image after 
CLAHE and obviously the contrast has been improved. 
Fig. 5 shows the non-linear filtering image which the 
speckle noise is reduced effectively. This step is preferred 
since it not only smoothed the speckle noise but also 
preservers the edges. Fig. 6 shows the Canny edge 
detection. True contours are discovered with some false 
edges. Fig. 7 is generated by applying the morphological 
closing function on previous image in order to create a 
closed connected region. Fig. 8 shows the extracted 
contour and Fig. 9 is the lumen contour labeled on the 
original US image.  

For comparison, we finally also superimposed our and 
manual segmentation results together as shown both in 
Fig. 10 and Fig. 11. Our lumen results were highlighted 
as magenta solid lines, while the corresponding manual 
lumen result are red dot lines. 

 

 
Figure 3.  Original image. 

 
Figure 4.  Histogram equalization. 
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Figure 5.  Speckle reduction. 

 
Figure 6.  Canny edge detection. 

 
Figure 7.  Lumen contour extraction. 

 
Figure 8.  Lumen contour extraction. 

 
Figure 9.  Lumen contour superimposed on original US image. 

 
Figure 10.  Comparison between manual and proposed method (P1). 

 
Figure 11.  Severe stenosis comparison (P2). 

In Fig. 10 (Patient 1 with mild stenosis), we could 
infer that the lumen contour is sunken inside from right-
top to left-down. It indicates that the patient is with mild 
stenosis and our method is capable of extracting carotid 
lumen contours of close to natural shapes.  

While in Fig. 11 (Patient 2 with severe stenosis), it 
could implies that our result cover most of the lumen 
region except the left-down corner. The reason is that the 
corner of the image contrast and visibility is extremely 
low. Our method is suit for complex size. 

Our scheme was also tested on another patient data 
(Patient 3), which had 60 series CCA images included 
double sides (Left and Right) obtained at two different 
times.  Five of them were shown in Fig. 12. Note that 2 
mm, or 10 mm was indicated the distance to the 
bifurcation point from each slice. In Fig. 12, we labeled 
our result as green solid line, while manual results were 
red dot line. Similar results were also obtained from the 
judgment. The tested results showed the robustness of our 
method, as a normal CCA could be extracted 
automatically.
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(a) 2mm 

 
(b) 4mm 

 
(c) 6mm 

 
(d) 8mm 

 
(e) 10mm 

Figure 12.  Segmentation on series of US images (P3). 

IV. DICUSSION 

Although manually outlined contours are typically the 
only standard for evaluating computerized algorithm, it 
may suffer human observers’ bias and variability. In 
addition, it is time consuming and not suitable for a large 
database. In our work, three patients’ data sets with 180 
US images experimental results showed that the 
segmented areas could accurately define the locations of 
CCA lumen and plaque contours.  

The manual results are delineated by an experienced 
sonographyician as ground truth. To compare the contour 
similarity performance in our experiments, we were 
quantifying the algorithm performance in terms of 
contour similarity, we adopted the Pratt’s figure of merit 
(FOM) [20] defined by: 

 2
1

1
max{ , } 1

pN

ip m i

FOM
N N dα=

=
+∑ 1 . (2) 

where pN  and  are the number of proposed and 
manual contour pixels, respectively, is the Euclidean 
distance between the i th proposed contour pixel and the 
nearest manual contour pixel, and 

mN

id

α  is a constant 
typically set to 1/9. FOM ranges between 0 and 1, with 
unity for ideal contour segmentation.  

The lumen FOM value was listed in Table 1. It is 
obvious that the lumen FOM value is bigger than 0.5, 
which represents we got relatively better lumen 
segmentation result.  

Furthermore, to evaluate our segmentation results we 
measured the mean absolute distance (MAD) and 
maximum distance (MaxD) between proposed method 
and manual contours. Table 1 also provided the mean and 
standard deviations of MAD and MaxD between 180 
manual and automatic contours selected from 3 patient 
data sets. 

TABLE I.   
COMPARISON OF MANUAL AND PROPOSED METHOD ON FOM 

 Lumen FOM 
FOM 0.705 

MAD(mm) 0.47±0.13 
MaxD(mm) 2.08±0.63 

 
Analysis the figures in Table 1, the reasons may affect 

the segmentation result could be: 1) Inside lumen mainly 
is liquid blood, while the outside is complex connective 
tissue from the view of CCA physiology. However, there 
was no clear boundary between different components in 
US images, which is shown in Figs. 10, 11 and 12. 2) 
Morphology could be suitable on irregularities contours, 
but the size and the shape of SE may be sensitive to the 
final results, which could be shown in Fig. 10. There is a 
little patch over-write in the right part. 3) The method 
could not cover up the deficiencies of nature of US 
images completely with extremely low contrast and high 
noise. 4) Also note that if the probe is not properly placed, 
it is not possible to get a proper view of the CCA for a 
wide and clear range of scenarios.
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V. CONCLUSION 

We have developed a novel segmentation technique 
for exacting carotid lumens in 2D US transverse view 
automatically. The method is based on self-adaptive 
histogram equalization, non-linear filtering, Canny edge 
detection and morphology methods. It could extract the 
lumen contours excellent in both normal and abnormal 
CCA US images regardless of the noise. This method 
could save the physicians’ invaluable time to take care of 
the atherosclerotic patients. Our work provides an easy-
handle technique to simplify the job of labeling the lumen 
in CCA manually. Experimental results showed that the 
segmented areas could accurately define the locations of 
CCA lumen contours. The merit (FOM) value of lumen 
segmentation is 0.705. And mean absolute error and 
mean max distance      are 0.47±0.13 mm and of  2.08±
0.63 mm respectively compared with manual results as 
the ground truth.  

This method could meet the demand of the clinical 
usage and save the physicians’ invaluable time to take 
care of the atherosclerotic patients.  

In the further, we would like to adapt to our method 
for more accurate segmentation results firstly. And then, 
extend it to the adventitia segmentation work. Because of 
the degree of carotid atherosclerosis having positive 
correlation to cerebral infarction, the final segmentation 
contours both lumen and adventitia could offer the 
physician a better visualization on the atherosclerosis and 
plaques. And reducing doctors’ work load for labeling 
contours is at the same time. 
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