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Abstract. We present a fully automated method to segment the interventricular
septum from cardiac MR images in this paper. By introducing the circular
Hough transformation our model can automatically detect the contours of left
ventricle as circles used as the initialization. The interior and exterior energies
are weighted by the entropy, which improves the robust of the evolving curve.
Local neighborhood information is used to evolve the level set function, which
can reduce the impact of the heterogeneous grays inside of regions and improve
the segmentation accuracy. The adaptive window size is utilized to reduce the
sensitivity to initialization rather than a fixed window size. The Gaussian kernel
is used to not only ensure the smoothness and stability of the level set function,
but also eliminate the traditional Euclidean length term and re-initialization.
Finally, we segment the septum automatically by the classical segmentation
methods combined with anatomical location information. Extensive experiments
indicate that the superior performance of the proposed method over the
state-of-the-art methods in terms of both good robustness and high efficiency.
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1 Introduction

Active contour models (ACMs) have been widely used for automatic image segmen-
tation and object tracking. According to the type of adopted image features, the existing
active contour models can be broadly divided into edge-driven models [1–4] and
region-driven models [5–7]. The chan–vese (CV) model [5] is a classical active contour
model depended on the assumption of intensity homogeneity. Using the global
information of the image, the CV model can extract the contour that has an unobvious
change of gradient in the image. Therefore, the CV model can obtain a good result even
if the image has weak object boundaries. However, due to intensity inhomogeneity and
complex construction in cardiac MR images, the CV model cannot accurately detect
the boundary of the object in such types of images.
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To segment images with intensity heterogeneity, Li et al. [8] proposed the local
binary fitting (LBF) model which is able to utilize image information in local regions.
A kernel function was introduced to define a local binary fitting energy in a variational
formulation, and the local intensity information can be embedded into region-based
active contour model. LBF model has better performance than CV model in seg-
mentation accuracy. Nevertheless, the LBF model is susceptible to the initial contour
placement and the configuration of controlling parameters due to the limitation of the
localized energy.

Lonkton and Tannenbaum [9] presented a novel framework based on the localizing
region-based active contours to segment objects with heterogeneous feature profiles.
This method takes the local image information into account, and has resulted in sig-
nificant improvement in accuracy for segmenting heterogeneous images. The limita-
tions of this model are its sensitive to the initialization and the window size of the local
region.

In this paper, we aim to develop a novel method for segmenting the septum. In the
automatic segment the LV step, we present a robust adaptive Gaussian regularizing CV
model using the entropy and local neighborhood information for automatically seg-
menting the LV from cardiac MR images, namely ASLV. First, the circular Hough
transformation (CHT) is used to locate the epicardial and endocardial contours of the
left ventricle (LV) as the initialization. Second, the interior and exterior energies in
traditional cost function are weighted by the entropies of interior and exterior regions,
so that the homogeneity proportions of the interior and exterior regions are adjusted
adaptively and avoid to the optimal configuration of controlling parameters. Third,
local region energies were computed over neighborhoods of points close to the curve.
The local neighborhood information (LNI) will lead to sensitivity to the initialization.
The adaptive window size is used to reduce the sensitivity to initialization rather than a
fixed window size. Fourth, the Gaussian regularizing is used to not only keep the level
set function smooth and stable, but also remove the traditional Euclidean length term
and re-initialization. In the automatic segment the septum step, we utilize the threshold
segmentation method to extract the septum automatically by the usage of the seg-
mented LV. Qualitative and quantitative evaluations were carried out on the real
medical images of clinical patients in terms of accuracy and robustness properties. The
encouraging results show that the present method can segment the septum from the
cardiac images exactly and efficiently.

2 Methodology

2.1 GREVLCV Model

In the previous work, we have proposed a GREVLCV [10] to segment the LV. Let IðzÞ
denote a given image defined on domain X and a closed curve C is considered as the
zero level set of a signed distance function /, i.e., C ¼ xj/ xð Þ ¼ 0f g, which divides
the image into object / Xið Þ[ 0 and background / Xoð Þ\0. The energy function
expressed by level set function / is
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Fj /ð Þ is the “fitting” term of the energy function in
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where m are the fixed parameters, and the E j
i /ð Þ and E j

o /ð Þ is the entropy of
interior/exterior region in the neighborhood centered pixel j. uj and vj are the averages
of I jð Þ inside and outside C in the local neighborhood centered pixel, respectively, can
be written as
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Minimizing the above energy function by using the steepest descent method, we
obtain the following variational formulation
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2.2 Adaptive Window of Local Energy of Points Along the Curve

Due to intensity inhomogeneity and complex construction in the medical images, the
CV model will fail to provide accurate segmentation results. Figure 1 illustrates
the considerable challenge in medical image segmentation. It is obvious that both of the
intensity distributions of the foreground and the background vary sharply, so it is
difficult for the CV to find appropriate constants to fit the foreground and the back-
ground. Moreover, the foreground and background share the similar intensity. The
heterogeneity of regions and the presence of nearby structures of similar intensity affect
the curve evolution, leading to the detection of false boundaries.

To solve the above problems, the information of the local regions inside and
outside the curve in neighborhoods of points near the evolving curve is utilized in
GRELCV model. To optimize the internal energy of the image, each point is consid-
ered separately and moved to minimize the energy computed in its neighborhood
(Fig. 2(a)). The irregular contour is the evolving curve and the square is the neigh-
borhood of a point near the curve. Arrows point to the local regions inside and outside
the contour in the neighborhood. The energy optimization is then conducted by fitting a
model to each local region. Directly use local neighborhood information (LNI) may
lead to sensitive to the initial model. Additionally, we must give preference to the size
of the neighborhood window in experiments. We instead the fixed window size by an
adaptive window, which is estimated by the local entropy of the neighborhood.
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The evolving curve cannot move to minimize the energy computed in the homo-
geneous region. Thereby, if the entropy of the region is very small, this region is
homogeneous and we will increase the size of the window. As shown in Fig. 2(b), the
blue rectangle is the initial and the bigger green rectangle is the adaptive neighborhood
window, the blue arrow point to the expanding direction of the window. Instead of
selecting a single parameter of the size of the neighborhood window, we calculate a
local window size for each point on the curve adaptively. For simplify, in the automatic
segment the LV step, the robust adaptive Gaussian regularizing CV model using the
entropy and local neighborhood information for segmenting the LV from cardiac MR
images automatically, namely ASLV.

2.3 The Extraction of the Nearest and Biggest Connected Region

Suppose that the right blood pool extraction is similar to the segmentation of the object
which is pointed by the red arrow, as shown in Fig. 3(a). We assume that the circle has
been delineated, and the center has been detected (b). First, the image is turned into a
binary image segmented by the threshold, which is determined by the mean value of
the circle (c). Second, we labeled the image by the connected component. Third, we
plot a square of three radius of the circle (d) and compute the ratio, which is the pixels
of the connected components corresponded to the pixels of the connected components
in the red rectangle region (e). Fourth, the connected component corresponded to the
largest ratio is extracted (f). Last, we draw lines from the center (g), and find the two
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Fig. 1. The challenge in the segmentation. (a) The background and foreground. (b) The
histograms of the background and foreground.

(a)                            (b) 

Fig. 2. The challenge in the segmentation. (a) The background and foreground. (b) The
histograms of the background and foreground.
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lines which intersect the extracted region at only one point. The two lines are called
start line and end line as shown in (h).

Figure 4 shows some typical images and the septum extraction process. By ana-
lyzing the relation blood pool of the right ventricular and LV, the septum is extracted
automatically.

3 Experiments

MR images of the cardiac were performed at 1.5 T with the protocol name of cardiac
T2 Star DB 650, at the department of Orthopedics, Royal Brompton Hospital, London,
UK, and were collected from 2006 to 2009. The final data set comprised of 117*8
images of 117 patients (60 male/57 female). The patients’ ages ranged from 11 to 51
years old. Patients were placed supine in the MR scanner and T2 Star DB images were
performed with the following parameters: pixel spacing = 1.5625 mm, slice thick-
ness = 10 mm, and image matrix size of 256 pixels × 160 pixels. For quantitative
analysis of the algorithm, we compared the automatic segmentation results to the Gold
Standard. The Gold Standard is the 2D slice a randomly selected 2D slice within the
septum that was segmented by 4 independent medical experts. The medical experts
were performed using specially designed software and saved for validating the per-
formance of the proposed method. The trained radiologist ensured that the segmented
images covered the interventricular septum.

Fig. 3. The example of the extraction of the nearest and biggest connected region. (a) The
synthetic image. (b) The segmented circle. (c) Threshold segmentation. (d) The labeled
connected components. (e) The ratio of the pixels of the connected components corresponded to
the pixels of the connected components in the red rectangle region. (f) The connected
components corresponded to the largest ratio. (g) The example of some lines from the center.
(h) The start line and the end line (Color figure online).
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The segmentation of the septum is important to assess the myocardial iron loading
in cardiac MR images. We present a method to automatically segment the septum
(ASS). Figure 4 shows the segmentation of the septum. Figure 4(b) is the segmentation
of the endocardium and epicardium of the left ventricle by the present method. Due to
the smoothness of the myocardium, we use two separate ellipses to fit the endocardium
and epicardium segmentation results (as shown in green color line). With the usage of
the segmented endocardium, the image is separated into two regions by the threshold
that is determined by the mean value of the region in the endocardium, as shown in
Fig. 4(c). We find the right ventricle that is biggest and nearest region to the LV (as
shown in Fig. 4(d)). The center of the LV region is as a point, and the radiation from
the point is done and we find the two lines which intersects the region of the extracted
right ventricle at only one point (as shown in Fig. 4(e)). Then, the septum is segmented,
as shown in Fig. 4(f) and (g).

We segment the LV by ASLV and NCV method, and segment the septum by the
usage of the two methods respectively. To compare the automatic segmentation of the
septum, we show in Fig. 5 the Dice values, scaled to a range of the same size (0.35).
Our method is more noticeable than the NCV.

A quick look at the Dice similarity measures can be done also using a boxplot, see
Fig. 6. Note that there is substantially more variability in the ratings of our method than
in the NCV method. The t-test is 2. 9468e-09, and our method is better than NCV.

Fig. 4. The segmentation of the septum. (a) Initial contour set by the CHT. (b) The segmentation
by the present method (red) and the ellipse-fitting (green). (c) Threshold segmentation. (d) The
right ventricle. (e) The start line (yellow) and end line (red). (f) The image and the segmentation
result. (g) The segmentation of the septum (Color figure online).
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4 Conclusions

The black-blood T2* has been shown to be effective by yielding high contrast images,
providing superior myocardial border definition, and largely reducing blood signal
contamination from the myocardium. We have presented an adjustable automatically
parameters model for black-blood cardiac images. By introducing the CHT, the present
method can detect the endocardium and epicardium of the left ventricle automatically.
Traditional CV model is unsuitable for medical segmentation as it has two difficulties
such as parameters setting and affluence from heterogeneity intensities. For the first
difficulty, we utilize entropy distances to weight the energies of inside and outside the
contour. For the second one, we bring in the local neighborhood information to reduce
the effect of inhomogeneity inside regions. Instead of selecting the fixed neighborhood
window size in NCV, we calculated the local window size for each point on the curve
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Fig. 5. The Dice values for the 117 patients segmented by ASLV + ASS and NCV + ASS
method.
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Fig. 6. Boxplot representation of Dice values for the 117 patients segmented by ASLV + ASS
and NCV + ASS method
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adaptively and solve the increased sensitivity to initialization. In addition, we use the
Gaussian to regularize the level set function for removing traditional regularized term
and the re-initialization, also reduce the computation time. Finally, we present a method
to automatic segment the septum by the usage of the segmented LV. Encouraging
experimental results on the real images demonstrated that the proposed algorithm is
very robust, efficient and much less sensitive to the initial contour.

MRI-T2* has been accepted as a clinical tool for monitoring iron overload in
thalassemia patients. Our future studies will focus on the assessing the myocardial iron
loading in cardiac MR images.
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