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Abstract— Although positron emission tomography (PET) has algorithms into a novel region-based Method for Automatic

been commonly used in oncology, for radiation therapy treatment
planning or the assessment of response to treatment, in view of the
fact that the rate of glucose metabolism is increased in malignant
tumours, it is not easily to delineate the boundaries of tumours
from the surrounding normal tissue because of the low spatial
resolution and inherent noisy characteristics in PET images. In
this work, a novel method for automatic segmentation using an
active contour model is presented. The algorithm incorporates
histogram fuzzy C-means clustering and localized and textural
information to constrain the active contour to detect boundaries
in an accurat e and robust manner. Moreover, t h latt de
Boltzmann method is used as an alternative approach for solving
the level set equation to make it faster and suitable for parallel
programming. The proposed method was compared with the
contourlet-based active contour algorithm and Schaefer’s
thresholding method using phantom and clinical studies. Our
results demonstrate that the developed novel PET segmentation
algorithm is applicable to various types of lesions and is capable of
producing accurate and consistent target volume delineations,
potentially resulting in reduced intra- and inter-observer
variability commonly observed when using manual delineation.

Index Terms—PET imaging segmentation, active contour
model

I. INTRODUCTION

2 -Deoxy-2-["*F]fluoro-D-glucose ("F-FDG)  positron
emission tomography (PET) imaging is of great importance

for the diagnosis, staging, therapy monitoring, and
prognosis and detection of recurrences or metastatic disease.
The detailed information characterizing carcinoma metabolism
in PET imaging, such as metabolically active tumour volume, is
helpful in delineating the target tumour required for assessment
of response to treatment or radiation therapy treatment
planning. However, the low spatial resolution and inherent
noisy characteristics of PET images make the delineation of the
target volume much challenging, although there is already quite
a large number of PET segmentation algorithms developed
during the last few years. An open issue associated with the
different methods for segmentation of target tumour concerns
their variability and dependence on different images. Proposed
approaches to delineate MATV in PET imaging include
thresholding techniques, variational approaches, learning
methods, and stochastic modeling-based methods. Recent
reviews of state-of-the-art PET image segmentation techniques
indicate that there is no optimal solution for all types of clinical
oncology indications with respect to accuracy, precision, and
efficiency [1]-[3]. In this work, we focus on combining existing
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Segmentation using an Active Contour model (MASAC) to
enhance robustness and generalness rather than proposing yet
another PET segmentation method. This algorithm incorporates
both histogram fuzzy C-means (FCM) clustering and textural
information to constrain the active contour to detect the
boundaries in an accurate and robust way, without requiring the
setting of user-defined parameters. Moreover, we make the
algorithm more efficient and appropriate for parallel
programming by taking the lattice Boltzmann method (LBM)
as an alternative approach to solve the level set equation. The
proposed model is quite general and can be applied in many
clinical scenarios.

II. METHODS

To overcome the problems caused by noisy characteristics
and enhance reliability and robustness, we applied three
transformed images to replace the original PET images to serve
as inputs to the energy functional. The proposed method can be
divided into three main parts: initially, we apply histogram
FCM clustering, bilateral filter and Gabor transformation to
PET images, respectively. All these three transformed images
were used as inputs for the energy functional. Then, Otsu’s
thresholding method, selecting from the gray level histogram
the threshold to minimize the intraclass variance of the pixels,
was used for the initial contour in the active contour model.
Finally, the evolution equation of LBM is used to solve the
level set equation.

To evaluate the proposed method’s performance, the
proposed technique was evaluated using a range of simulated
phantom and clinical data, including the ground truth contours
corresponding to the “best estimate” from simulation template
and macroscopic specimen. Phantom studies were performed
using the 4D extended cardio-torso (XCAT) phantom, a
realistic whole-body computer model based on nonuniform
rational B-spline surfaces representing the human anatomy and
physiology [4]. Realistic lesion shapes with three different
levels of tracer uptake, to simulate the heterogeneities within
the tumour, were modelled based on clinical PET images and
incorporated within the XCAT phantom according to the
procedures proposed by Le Maitre et al. [S]. The thresholding
method was adopted in our study, to delineate different
irregularly shaped heterogeneities within clinical tumours, and
the 3D mesh of segmented contours was reconstructed using
Amide software (FEI, USA) and converted into nonuniform
rational B-spline (NURBS) surfaces with Rhinoceros software
(CADLINK, France). To model tumors with heterogeneities
more realistically, three different NURBS surfaces, each
representing a specific activity level, were created. Finally, for
PET simulation, the sinograms were generated using an



analytical forward projector, and reconstructed by an Ordered
Subsets Expectation Maximization (OSEM) algorithm
implemented in the Software for Tomographic Image
Reconstruction (STIR) modeling for a GE Discovery RX
PET/CT scanner [6]. The attenuation maps generated at 511
keV were used for attenuation correction during image
reconstruction. Ten different lesions were simulated in two
different lung locations, without or with high activity in the
nearby myocardium (volume range 3.26cm’ - 41.44cm’). The
clinical studies include 6 cases of pharyngolaryngeal squamous
cell carcinoma (PH, volume range 4.03cm’ - 32.92cm’) and 10
cases of non-small cell lung cancer (LU, volume range 1.12cm’
- 46.28cm’), where 3D contours of the ground truth were
derived from the macroscopic specimen obtained after surgery.

To verify the performance of different techniques, this
proposed method was also compared with the contourlet-based
active contour algorithm (CAC) [7] and Schaefer’s
thresholding method (ST) [8]. Widely adopted image analysis
metrics including the relative volume error (RE), Dice
similarity coefficient (DSC) and classification error (CE) were
used to evaluate quantitatively the results.

III. RESULTS

For the simulated XCAT phantom studies (PS), MASAC and
CAC provide similar segmentations of the different lesions,
while ST fails to achieve reliable results. For MASAC, it can be
observed that there is no major difference between the mean
values of the metrics between phantom studies without high
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Fig. 1. Box-and-whisker plots of each metric across the phantom studies. The
presented results represent phantom studies without nearby high activity (PS1),
phantom studies with nearby high activity (PS2), and all phantom studies (PS).

Fig. 2. Representative segmentation result of a realistic anthropomorphic
phantom study (with nearby high activity in the myocardium) showing contours
extracted by MASAC (purple), CAC (red) and ST (black), compared to the
ground truth (orange). The initial cropping area has been shown on the
rectangle area.
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Fig. 3. Box-and-whisker plots of each metric across the clinical studies. The
presented results represent 6 Louvain pharyngolaryngeal carcinoma studies
(PH), 10 Louvain lung cancer studies (LU10), Louvain lung cancer studies with
2 studies presenting with connected high-uptake regions excluded (LUS), all

clinical studies with 2 studies presenting with connected high-uptake regions
excluded (CS).
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Fig. 4. Representative clinical non-small cell lung cancer PET study showing
contours extracted by MASAC (purple), CAC (red) and ST (black), compared
to the ground truth (orange). The initial cropping area has been shown on the
rectangle area.

nearby activity (PS1) and phantom studies with nearby high
background activity (PS2), indicating the robustness of
MASAC in different clinical scenarios (Fig, 1). Figure 2 shows
representative contours on realistic anthropomorphic phantom
studies nearby high background activity. Figure 3 shows
box-and-whisker plots for all metrics across the clinical studies.
In 13 of the 14 patients involved in the study protocol with
those presenting with connected high-uptake regions excluded
(CS), the DSC for MASAC was found to be larger than 0.60
(mean 0.71), indicating a good quality of segmentation of the
clinical studies. The contours extracted by the MASAC
algorithm of a representative patient from the lung cancer
studies are presented in Figure 4. It can be seen that the
MASAC algorithm still performs well in the case of
heterogeneous tumours with necrotic regions. The contours
extracted by MASAC fit well the ground truth defined on the
macroscopic specimen.

IV. DISCUSSION - CONCLUSION

PET images provide information that can be used for
application such as radiation therapy planning, therapy
monitoring, patient prognosis and the detection of recurrences
or metastatic disease. For these purposes, accurate delineation
of the metabolic tumor volume in PET is of primary importance.
Currently, there is still no commonly adopted technique for
reliable routine clinical PET image auto-segmentation. In the
presented work, we implement a generalized active contour
model for PET image segmentation without prior knowledge,
and extensively evaluate its performance with phantom and
clinical data. The results have demonstrated its both feasibility



as well as ability to handle appropriately the intrinsic high noise
level of PET images and the heterogeneity of the tumor uptake
by incorporating histogram fuzzy C-means clustering and
localized and textural information.

It can be noted that the MASAC algorithm has shown
comparable or even better performance compared with those
observed in other studies involving validation against clinical
datasets. Our results using the PH database (6 studies) showed a
mean DSC of 0.71 and mean CE of 55.64% compared with 0.54
and 50.20%, respectively, (for 7 studies) reported for a previous
algorithm reported in our previous work [9]. The clinical
assessment of the LU database (10 studies) resulted in mean
DSC of 0.70 and mean CE of 56.21%, compared with 0.41 and
112.86% [9] and 0.54 and 60.58% [7] (9 studies), respectively.
Schaefer et al. [10] evaluated consensus contours from different
PET segmentation algorithms using clinical PET images and
reported a mean DSC varying from 0.59 to 0.67.

Our results show that the application of histogram, localized,
and textural features endows the MASAC algorithm with an
extensive capture range, exhibiting robustness to various types
of lesions assessed in our work, potentially resulting in reduced
inter-observer variability of manual delineation and improved
accuracy in treatment planning and outcome evaluation.
Moreover, in order to enhance efficiency, we also employ the
parallel programming to efficiently delineate structures
boundaries. In this fast framework, we achieved execution
times of 1 to 5 s for most of the cases, which could meet the
daily clinical requirements. A number of techniques linked to
this work have been reported in the literature. For instance,
minimization of a joint energy derived from the sum of
edge-based energies and region-based energies was suggested
[11]. Lankton et al. [12] and Li et al. [13] provide the ways for
localizing active contour models, using the convolutions with a
specified mask function. Balla-Arabe et al. [14] focus on fast
implementations employing the LBM that can be used to
compute quickly and, hence, yield results in a much more
efficient manner.

There are several practical limitations of this study [15]. First,
the long examination duration of PET imaging might involve
patient movement and motion artifacts. This aspect might
further stimulate the research of 4D reconstruction. Second, the
lesion less than 1 cm’ is difficult to get a proper segmentation
result. Further experience and research will also be needed to
identify if high-resolution PET imaging is available. Another
point to emphasize is that all the segmentation results were
obtained from image characteristics. That means, provided an
accurate image acquisition is used, this proposed method is
likely to produce accurate segmentation for target volumes.
Otherwise, it would be difficult to get the proper result.
Moreover, we note that the cases in this study may not be
sufficient, and our analysis is intended only as an initial
examination for different segmentation methods. Further
investigations are required to confirm our findings. Finally, in
our PET simulation, we do not take the efficiency differences of
the PET detectors into consideration. The assumption was also
made that all images have the same constant random
background to make the simulation less complex. Such

procedures may also introduce some influence on the simulated
images.
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