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Ultrasound is used in minimally invasive cardiac procedures widely, because of its
convenience and noninvasive nature. However, the low quality of ultrasound images
usually limits their usefulness as a tool to guide cardiac procedures; it is often
complicated to relate images to their anatomical context in the heart.

For improving the interpretability of ultrasound images, where keeping ultrasound as
a flexible real time imaging and functional modality, there is a need for some
registration techniques that integrate them with their correspond context in high
quality pre-operative models, such as Computed Tomography images or Magnetic
Resonance Imaging.

In this study, a fusion system which integrates the knowledge of segmentation and
intensity into registration 1is presented in Computed Tomography and
Echocardiography images of heart. The goal of this thesis is integrating detected
features, segmentation result information, and intensity information from two
mentioned images, into a non-rigid registration framework, and achieve a high
quality spatial mapping.

The fusion system is developed as following:

First, multiple Echocardiography images are compounded to get a better quality
image with wider field of view. A fusion method is presented which particularly
intends to increase the segment-ability of echocardiography features such as
ventricle contours and improving their contrast. The presented method is also
capable of enhancing the contrast, decreasing the impact of echo artifacts, expanding
the field of view and improving the signal to noise ratio.



Then, a segmentation approach based on a constrained Level set method is
developed to identify the feature from Echocardiography images. It is a new
geometrically level Set algorithm for the segmentation of the endocardial contours in
echocardiographic images in presence of intensity non-uniformity. It will present an
accurate and robust segmentation technique, which its results are going to use as
input for fusion system in the following.

In last stage, non-rigid registration is applied using segmentation result information
plus intensity information from two images and a consistent transformation to match
these features together is calculated.

The proposed fusion system can use for medical interventions, for better
physiological understanding, effective image guidance surgery, treatment,
monitoring and diagnostic purposes, through finding spatial mapping between two
images, to observe the changes of anatomical structure and to merge the information
from multiple modalities.

As it will be discussed in detail in the thesis, for input image, the proposed technique
is unable in accurate segmentation in many instances at end diastole (87.3%) and
over half the time at end-systole (61.7%). However, for fused images, it is unable to
detect accurate segmentation 24.6% of times at end diastole, whilst there was just
one failing at end systole (3.1%). It means fusion results in enhanced image quality
consequently leads to effective ventricles segmentation.

For evaluation, beside uncertainty estimation and visually evaluation by experts,
quantitative and qualitative evaluations are conducted. For measuring the accuracy
quantitatively, target registration error (TRE) is calculated before and after the
registration, then a comparison is made. Also, different performance metrics are
implemented to examine the performance of the proposed fusion system.

For further studies, the combined navigation system can be designed for real-time
surgery guidance. Furthermore, integrating virtual models and echocardiographic
images will provide a potential means for giving image-guidance for processes
which include both functional and anatomical imaging.

Another direction for further study will be doing the registration for whole cardiac
cycle: applying temporal synchronization between CT and echocardiography which
is achieved by using ECG signals. Visualization of the result can be investigated
further, as well.
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Ultrabunyi digunakan dalam prosedur jantung invasif minimal secara meluas kerana
cirinya yang mudah dan tidak invasif. Walau bagaimanapun, kualiti rendah ime;j
ultrabunyi biasanya menghadkan penggunaan mereka sebagai alat panduan untuk
prosedur jantung; kebiasaannya proses untuk mengaitkan imej dengan konteks
anatomi jantung juga adalah rumit.

Untuk meningkatkan kebolehtafsiran imej ultrabunyi, mengekalkan ultrabunyi
sebagai pengimejan masa nyata yang fleksibel dan kefungsian modaliti, beberapa
teknik pendaftaran diperlukan. Teknik ini mengintegrasikan konteks sepadan dalam
model pra pembedahan berkualiti tinggi seperti imej tomografi berkomputer atau
pengimejan reasonans magnetik

Dalam kajian ini, sistem gabungan yang mengintegrasikan pengetahuan segmentasi
dan intensiti ke dalam pendaftaran dibentangkan dalam imej tomografi berkomputer
dan imej ekokardiografi jantung. Matlamat tesis ini adalah untuk mengintegrasikan
cirl yang dikesan, maklumat keputusan segmentasi, dan maklumat intensiti daripada
dua imej tersebut kedalam rangka kerja pendaftaran yang tidak tegar dan mencapai
pemetaan ruang yang berkualiti tinggi.

Sistem gabungan telah dibangunkan seperti berikut:

Pertama, beberapa imej ekokardiografi dikompaun untuk mendapatkan kualiti imej
yang lebih baik dengan pandangan medan yang lebih luas. Satu kaedah gabungan
telah dicadangkan dengan menambah segmen-keupayaan ciri ekokardiografi seperti
kontur ventrikel dan meningkatkan kontras imej tersebut. Kaedah ini juga mampu
meningkatkan kontras, mengurangkan kesan artifak gema, memperluaskan medan
pandangan dan meningkatkan isyarat kepada nisbah bunyi.
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Kemudian, pendekatan segmentasi berdasarkan kaedah Level Set dibangunkan untuk
mengenal pasti ciri dari imej ekokardiografi. la adalah set algoritma tahap geometri
yang baru untuk segmentasi kontur endokardial didalam imej ekokardiografi dengan
kehadiran intensiti ketidak- keseragaman. Ia akan membentangkan teknik segmentasi
yang tepat dan teguh, dimana keputusannya akan digunakan sebagai input untuk
sistem gabungan yang berikut.

Pada fasa yang terakhir, pendaftaran tidak tegar telah diaplikasikan dengan
menggunakan maklumat keputusan segmentasi serta maklumat intensiti daripada dua
imej dan transformasi konsisten untuk memadankan ciri-ciri ini juga dikira.

Sistem gabungan yang dicadangkan boleh digunakan untuk intervensi perubatan,
untuk pemahaman fisiologi yang lebih berkesan, imej panduan pembedahan yang
efektif, rawatan, pemantauan dan tujuan diagnostik, melalui penemuan pemetaan
ruang antara dua imej, untuk melihat perubahan struktur anatomi dan untuk
menggabungkan maklumat dari pelbagai modaliti.

Seperti yang akan dibincangkan secara terperinci dalam tesis, untuk input ime;j,
teknik yang dicadangkan tidak dapat disegmentasi secara tepat dalam banyak
keadaan seperti diakhir diastole (87.3%) dan lebih separuh masa diakhir systole
(61.7%). Walau bagaimanapun, untuk imej yang digabungkan, ia tidak dapat
mengesan ketepatan segmentasi 24.6% daripada masa diakhir diastole, manakala
hanya satu gagal diakhir systole (3.1%). Ini bermakna hasil gabungan dalam kualiti
imej yang dipertingkatkan seterusnya akan membawa kepada segmentasi ventrikel
yang berkesan.

Untuk penilaian, di samping ketidakpastian anggaran dan penilaian secara visual
oleh pakar-pakar, penilaian kuantitatif dan kualitatif telah dijalankan. Untuk
mengukur ketepatan secara kuantitatif, kesilapan pendaftaran sasaran (TRE) dikira
sebelum dan selepas pendaftaran sebelum perbandingan dibuat. Selain itu, metrik
prestasi yang berlainan juga dijalankan untuk memeriksa prestasi sistem gabungan
yang dicadangkan.

Untuk kajian seterusnya, sistem navigasi yang digabungkan boleh direka untuk
panduan pembedahan masa nyata. Tambahan pula, mengintegrasikan model maya
dan imej ekokardiografi akan menyediakan panduan imej yang berpotensi yang
melibatkan kedua-dua pengimejan fungsi dan anatomi.

Selain itu kajian selanjutnya akan melibatkan pendaftaran untuk keseluruhan kitaran
jantung: mengaplikasikan penyelarasan temporal diantara CT dan ekokardiografi
yang dicapai dengan menggunakan isyarat ECG. Hasilnya, keputusan visualisasi
juga boleh diselidiki.
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CHAPTER 1

INTRODUCTION

1.1 Problem Statement

Heart is the most energetic organ in the body. Beating about every second, it
continuously supplies the body with vital oxygen carrying blood. Heart disease is the
leading cause of death in modern countries (Kasper D. et al., 2008, Fuster V. et al.,
2007, Mani V. et al., 2013). The mortality rate of CVD (Cardiovascular Disease) is
estimated to be 17 million in 2005 and thus is ranked as the top killer worldwide
(Mani V. et al., 2013, Centers for Disease Control and Prevention).

According to the AHA (American Heart Association), CVD is the cause of 10% of
days of lost productivity in low- and middle-income countries, and 18% of days of
lost productivity in high income countries. CVD morbidity rates are estimated to rise
from around 47 million days globally in 1990 to 82 million days in 2020 (Centers for
Disease Control and Prevention, Centers for Medicare and Medicaid Services, Rettig
R. et al., 1994).

Analysis of the cardiac function using imaging instruments has shown to be effective
in reducing the mortality and morbidity of CVD. Myocardial motion analysis is time
consuming and suffers from inter and intra-observer variability. Computerized
analysis can help clinicians to interpret the medical conditions objectively (Kasper
D. et al., 2008, Webb A. et al., 2003, Hedrick W. et al., 2004, Catherine O. et al.,
2009).

Cardiac image processing techniques, mainly categorized as segmentation and
registration, have been used widely to assess the functionality of the heart (Sutton D.
et al., 2002, Fred D. et al., 2005, Young Y. et al., 2005, Santana C. et al., 2004, Faber
T. et al.,, 1999). Cardiac image segmentation provides high quality structural
information of the heart while registration techniques calculate the local functional
analysis, which are helpful in diagnosis and planning of treatment of patients.
Modeling of the cardiac shape, motion and physical structure have played a major
role in the development of the image analysis algorithms.

1.1.1 Medical Image Registration

During the past decade, image registration has become an essential tool for medical
treatment in clinics, by finding the spatial mapping between two images, observing
the changes of anatomical structure and merging the information from different
modalities (Jingfeng H. et al.,, 2009). On the other hand, the matching of



appropriately selected features is becoming more and more important for further
improvement of registration methods.

In this thesis, we are seeking the optimal way to integrate the knowledge of two
cardiac modalities from segmentation and intensity values of the images, into image
registration framework. In other words, we are going to answer this question that
how to utilize segmentation information of cardiac features such as any
characteristics of ventricles, into a non-rigid registration framework along with
intensity values; therefore, a high quality spatial mapping can be achieved.

In this research, an approach based on the segmentation result information and
intensity value information of common features for two different cardiac modalities
which are widely used in cardiac fields is developed and a consistent set of
transformations to match them is estimated.

The presented thesis deals with a specific problem of medical image analysis in
cardiac filed, namely image registration, also known as image matching. Image
registration is the process of finding an optimal geometric transformation, so that
two given images are correctly aligned to each other. The concrete form of “optimal
geometric transformation” varies a lot in different situations, but all these
transformations define a point-to-point correspondence between the image pair.

Image registration has plenty of applications in the field of medical image
processing. For instance, the typical requirements from physicians are to compare
images acquired at different times, from different perspectives, of different patients
or by different imaging modalities. It is a fundamental and crucial processing step to
determine the correspondence between the given images, and then performing
fusion. In the following, the effect of registration is illustrated in Figure 1.1.

Figure 1.1: Registration example of lung CT scans. An overlay of inhale (green)
and exhale (magenta) phase.




Figure 1.2 shows the X-ray Computed Tomography (CT) and echocardiography
(cardiac ultrasound) images of the same patient. These two modalities visualize
different information: CT provides high-resolution images of density distribution
from different tissues, which can effectively shows the anatomy of the patient and
structures and contours; while echocardiography modality shows chamber and blood
cavity and in other words, functional and physiological activities of organs.

The merge between these two modalities, e.g. CT as a fixed image and
echocardiography as a moving image, is very useful for diagnose, surgery plan as
well as the observation of the follow-up. The research on image registration has
developed rapidly in last twenty years. A substantial part of research on medical
image processing deals with image registration. This trend was proven in a recent
review study of image registration (Fuster V. et al., 2007, Mani V. et al., 2013).
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Figure 1.2: X-ray Computed Tomography (CT) and cardiac ultrasound
(Echocardiography) images of the same patient

Image registration turned out to be more difficult than researchers expected. There
are still several topics in the field of registration, for which many researchers are
actively investigating more satisfactory solutions. In the following, we focus on
these two challenges: multi-modal registration and non-rigid registration in field of
cardiac images.

1.1.2 Multi-modal Registration

In the past three decades, progress in medical imaging techniques and image
processing methods has led to the fact that different imaging modalities with high
resolution are available for medical treatments today. Currently, the most imaging
modalities can be roughly classified into morphological and functional imaging
modalities. For example, X-ray imaging, CT and Magnetic Resonance (MRI) are
considered morphological imaging modalities, whereas ultrasound imaging,
functional MR imaging (fMRI) and molecule imaging techniques, like Positron
Emission Tomography (PET) and Single Photon Emission Computed Tomography
(SPECT), are functional imaging modalities.



These imaging modalities provide complementary information and the registration of
these data brings significant clinical benefits for diagnosis and surgical planning.
Even though a large number of methods have been invented in the past, the
registration of different imaging modalities is still far away from being perfect. The
fundamental reason is that the individual imaging modality cannot provide enough
correlated information and sufficient contrast for a reliable registration. Simple
intensity based similarity measures, typically computing of statistical dependencies,
cannot reflect the correspondence of the same underlying anatomical structures in
different modalities. The lack of knowledge of image contents is now more and more
likely to be a bottleneck for further improvement of registration algorithms.

1.1.3 Non-rigid Registration

Non-rigid registration is known by many different names, such as “non-linear”,
“elastic”, “non-parametric” or ‘“deformable” registration, as well. Non-rigid
registration is a critical issue in many clinical applications. For instance, in computer
assisted neurosurgery, the deformation of brain between pre- and intra-operative
MRI data, referred to as the brain shift, needs to be corrected by non-rigid
registration.

A drawback of most current non-rigid registration algorithms is that they model all
tissue as having the same degree of rigidity. However, physicians expect that the
different tissues or different organs have different degree of rigidity, e.g. bone
structures or instruments should be transformed rigidly. However, most algorithms
uniformly compute the deformation, regardless of the underlining tissue classes.

The second drawback is the inconsistency of the deformation field. Consistency of
transformation means that if one computes the transformation from 4 to B and then
switches the roles of 4 and B to compute the second transformation B from A, the
two transformations should be inverse to each other. Consistent registration is not
only more sound in the mathematical sense, but also very important for applications,
where one is interested in determining the one-to-one correspondence of the same
anatomical structures in different images, e.g. non-rigid registration for atlas
construction (Rueckert D. et al., 2003, Marsland S. et al., 2003) or historical
biological images (Sorzano C. et al., 2005, Carreras 1. et al., 2006).

1.2 Objectives of the thesis

The research objectives are to:

1. To fuse multiple sequence of echocardiography images using proposed pixel-
based method of integration PCA and DWT with high accuracy

2. To segment ventricle boundaries from echocardiography images by using
proposed geometrically constrained level set technique with high accuracy



3. To register features from CT to echocardiography images based on intensity-
based information and segmentation result information with high accuracy

1.3 Contributions of the thesis

The main contribution of this study is overall IFI hybrid registration scheme
(Integration of Feature- and Intensity-based Registration) which is enable to register
intensity information, and segmented anatomical contour features that influences the
registration to produce more medically reasonable contour feature alignments
(Jingfeng H. et al., 2005).

Matching of features intuitively could be a natural criterion that drives as well as
evaluates the image registration algorithms. Integration of knowledge of image
segmentation with intensity values information is a promising way to improve the
registration method. To obtain a good quality image which gives good segmentation
result, and leads to good registration outcome, another aim is considered as
improving echocardiography images’ quality by fusing multiple images together.

For the first contribution, a new fusion method which particularly intends to improve
the contrast and increase the segment-ability of echocardiography features, such as
ventricle contours is presented. In addition, it tries to expanding the field of view,
decreasing impact of noise and artifacts and enhancing the signal to noise ratio of the
echo images. The proposed technique weights the image information regarding an
integration feature between all the overlapping images, by using a combination of
Principal Component Analysis (PCA) and Discrete Wavelet Transform (DWT). For
evaluation, a comparison has been done between results of some well-known
techniques and the proposed method. Also, different performance metrics are
implemented to examine the performance of the proposed technique. It has been
concluded that the proposed pixel-based method based on the integration of PCA
and DWT has the best result for improving segment-ability of cardiac ultrasound
images and showed better performance in all metrics.

Image segmentation is the key to find better solution for the registration challenge
outlined in the preceding sections. Generally speaking, image segmentation and
image registration are two closely related problems. The goal of image segmentation
is to simplify or to change the representation of an image into something that is more
meaningful and easier to analyze (Shapiro L. G. et al., 2001), usually we call them
“features”. Image segmentation is typically used to locate objects or to find
boundaries, i.e. lines, curves, among images. Whereas the task of image registration
is to determine the correspondence between images. Ideally the same underlying
anatomies are mapped to each other.

Since the segmentation is an important part of the proposed fusion system, finding
the best segmentation techniques for two different modalities, echocardiography and



CT scans, was a challenge of this work. Several criteria are considered for the
selection of algorithm in both modalities: Whether the algorithm is robust with
respect to noise, whether it can maximize the degree of automation and
reproducibility and whether the parameterizations need to adapt to different cardiac
image data. The segmentation of contour features in echocardiography images is
solved by proposing a geometrically constrained level set technique in chapter 6
(Mazaheri S. et al., 2015). The target corresponding structures in CT images are
computed by a k-means clustering algorithm (Guoqgiang M. et al., 2014).

For the second contribution, a geometrically constrained level set method for
segmenting echocardiographic images with intensity non-uniformity presented. The
proposed technique combines the information about neighboring pixels belonging to
the same class, which makes it strong in separating the desired borders from the
background and the rest of the image. As a result, the segmentations are found to be
robust to the initialization of the level set function, making it useful for automatic
applications. The experiments on real clinical images have demonstrated the
effectiveness and the advantages of the proposed technique.

For the third contribution, a new hybrid approach in the framework of non-rigid
registration is proposed. The algorithm was formulated to emphasize the contour
feature correlation beside intensity value information. The superiority of the
algorithm is that it can achieve correspondences of two images using the anatomical
features information plus intensity information.

This fusion system integrates echocardiography images with their context by
registering them to high quality pre-operative models based on computed
tomography images. Mapping is completed using proposed transformation which is
performed by a two-level registration method that first approximately aligns two
images as a starting point to an automatic registration procedure. The mentioned
system enhances the simplicity and precision of cardiac disease diagnosis and also
help in operation planning and guidance.

14 Scope

Although real-time 3D echocardiography is being adapted to heart surgery
(Suematsu Y. et al., 2004, Suematsu Y. et al., 2005), it is still a new and relatively
expensive procedure compared to 2D echocardiography and the limited access to the
streaming 3D data makes it poorly suited to fusion with other images. Real-time 2D
echocardiography imaging, such as the routinely used Trans-Esophageal
Echocardiography (TEE) and Trans-Thoracic Echocardiography (TTE) systems, has
relatively high spatial and temporal resolution.



1.5 Main Contribution of the thesis

Fusion is performed in three phases; first, compounding multiple echocardiography
sequences (Chapter 5); then, apply segmentation on both CT scan and
echocardiography images (Chapter 6); and lastly, apply the two-level hybrid
registration method (Chapter 7).

Acquisition of
Echocardiography Images

B

Intra-Operative
Echocardiography Images

Y

Registration >

A

-

Pre-Operative CT
Images

Acquisition of CT Scans

Figure 1.3: Overview of how echocardiography and CT images guidance can
be integrated for surgery assist. Both images are available to the surgeon
during the operation. The focus of this thesis is the dashed area of the figure,
which addresses the problem of CT to echocardiography registration.

The registration method first approximately aligns two images by help of
segmentation result information, as a starting point to an automatic registration
procedure (see Figure 1.3). The proposed registration method is applied twice; one in
systolic phase on both images, CT and echocardiography, and another one in




diastolic phase on both images, as well. In evaluation, attempts towards improving
registration accuracy by help of measuring uncertainty estimation have been
performed. Also, registration accuracy is measured by calculating the Target
Registration Error (TRE).

1.6 Organization of Thesis

Chapter 1: This chapter gives the motivation as well as challenges of image
registration in the field of medical image analysis which is an obligated process
operation for clinic routines. In addition, non-rigid image registration and multi-
modal image registration challenges related to cardiac data are discussed. Objectives
and contributions of the thesis are described, as well.

Chapter 2: This chapter gives a literature review on multiple echocardiography
fusion, endocardial segmentation, multi-modal registration for cardiac images and
also for other organs, as well as describing the current challenges in each field.
Moreover, it gives a general introduction of heart structure as well as registration
methods. Knowledge of an image properties can be used to improve the performance
of a registration algorithm. In addition, current systems and modalities which are
used widely in cardiac field are discussed. Then, a concentrated elaboration of
properties for both modalities, echocardiography and CT images is presented in two
parts. First, a brief description of image formation is presented, then in following,
properties of the imaging modality which are important in proposed hybrid image
registration technique are discussed.

Chapter 3: Chapter 3 presents the research methodology of the proposed fusion
system generally, which is used to accomplish the research project. It discusses on
research steps taken to conduct this study from the problem statement to
performance evaluation. It will quickly review what is going to be discussed in every
contribution in the following chapters, Chapters 4 to 6.

Chapter 4: Chapter 4 presents a fusion method which particularly intends to
increase the segment-ability of echocardiography features such as ventricle contours
and improving their contrast. The presented method is also capable of enhancing the
contrast, decreasing the impact of echo artifacts, expanding the field of view and
improving the signal to noise ratio. At first, it provides a brief background and
reviews some related image fusion concepts; then outlines proposed method for
multiple echocardiography fusion, and explains the proposed algorithm in detail.
Lastly, experimental results and evaluation of the proposed algorithm and discussion
on results is presented.

Chapter 5: In this chapter, a new geometrically level Set algorithm for the
segmentation of the endocardial contours in echocardiographic images in presence of
intensity non-uniformity is proposed. This chapter presents an accurate and robust



segmentation technique, which its results are going to use as input for fusion system
that will be investigated in Chapter 6.

This chapter begins with covering the concept of active contour. Then it presents an
overview of the proposed segmentation model, formulations and conditions which
are used, followed by explaining the energy function that should be minimized.
Next, it discusses segmentation results which obtained from real clinical
echocardiography data and finally, it will be concluded with final remarks and future
research areas.

Chapter 6: A novel hybrid registration technique, which integrates the concepts of
feature- and intensity-based approaches is proposed in this chapter (IFI registration:
Integration of Feature- and Intensity-based approaches). In the proposed IFI
registration algorithm, the segmentation result information and intensity value
information of both images are utilized to apply the registration. The experiments
prove that the proposed approach achieves a better match of fine structures respect to
cardiac images. In this chapter, at first the registration algorithm is described in
detail. Then, the numerical implementation of the proposed registration,
experimental results and discussion for the clinical dataset is explained.

Chapter 7: In this chapter, through a brief summary of the thesis and the whole
fusion system has been shown that the proposed system will enhance the simplicity
and precision of cardiac disease diagnosis and also help in operation planning and
guidance. In addition, discussion of future research directions is also presented.



REFERENCES

Aubert G. and Kornprobst P.; Mathematical problems in image processing, New
York: Springer Verlag, 2000

Antonio F., Jose M., Vega-Riescoa F.; Determining heart parameters through left
ventricular automatic segmentation for heart disease diagnosis, Expert
Systems with Applications 36 2234-2249, 2009

Aladl U., Hurwitz G., Dey D., Levin D., Drangova M., and Slomka P., “Automated
image registration of gated cardiac single-photon emission computed
tomography and magnetic resonance imaging, “J. Magnetic Resonance
Images, vol. 19, no. 3, pp. 283-290, Mar. 2004

Aylward S., Jomier J., Guyon J., and Weeks S.; Intra-operative 3D ultrasound
augmentation. In IEEE International Symposium on Biomedical Imaging,
June 2002

Adluru G., DiBella V.; Segmentation based registration of myocardium in cardiac
perfusion images; Proc. Intl. Soc. Mag. Reson. Med. 14, 2006

Axel L., Montillo A., Kim D.; Tagged magnetic resonance imaging of the heart: a
survey, Med. Image Anal. 9 (4), 376393, 2005

Amin V., Ph.D Thesis. PhD thesis, Carnegie Melon University, 2002

Adluru G., DiBella V.; Segmentation based registration of myocardium in cardiac
perfusion images; Proc. Intl. Soc. Mag. Reson. Med. 14, 2006

Barbara Z., and Flusser K.; Image registration methods: a survey. Image and Vision
Computing, 21:977-1000, 2003

Brendel B., Winter S., Rick A., Stockheim M., and Ermert H. Registration of 3D CT
and ultrasound datasets of the spine using bone structures. Computer Aided
Surgery, 7:146—155, 2002

Barbara Z. and Jan F.; Image registration methods: a survey. Image and Vision
Computing, 21:977-1000, 2003

Besl P. and Mckay N.; A method for registration of 3D shapes. IEEE trans Pattern
Anal Machine Intell, 14:239-256, 1992

Barratt D., Penney P., Chan K., Slomczykowski M., Carter J., Edwards J., and
Hawkes D., “Self-calibrating 3D-ultrasound-based bone registration for
minimally invasive orthopedic surgery, "IEEE Transaction in Medical
images, vol. 25, no. 3, pp. 312-323, 2006

Bishop C., Pattern Recognition and Machine Learning. Springer, Aug. 2006

135



Bosch J., Mitchell S., Lelieveldt B., Nijland F., Kamp O., Sonka M., Reiber J.,
Automatic segmentation of echocardiographic sequences by active
appearance motion models. IEEE Trans. Med. Image, 21, 1374-1383, 2002

Blumenfeld P., Hata N., DiMaio S., et al. Transperineal prostate biopsy under
magnetic resonance image guidance: A needle placement accuracy study. J of
Magnetic Resonance Images; vol. 26:688—694, 2007

Bharatha A., Hirose M., Hata N., et al. Evaluation of three-dimensional finite
element-based deformable registration of pre- and intra-operative prostate
imaging. Med Phys.; vol. 28 (no. 12):2551-2560. [PubMed: 11797960], 2001

Bresson X., Esedoglu S., Vandergheynst P., Thiran J., Osher S., Fast Global
Minimization of the Active Contours/Snakes Model, Journal of Mathematical
Imaging and Vision 28 151-167, 2007

Brendel B., Winter S., Rick A., Stockheim M and Ermert H., Registration of 3D CT
and ultrasound datasets of the spine using bone structures Computer Aided
Surg.7146-55, 2002

Brox T.; From pixels to regions: partial differential equations in image analysis,
Ph.D. Thesis, Saarland University, Germany, 2005

Betancur J., Simon A., Tavard F., Langella B. , Leclercq C., Garreau M.;
"Segmentation-free MRI to CT 3D registration for Cardiac
Resynchronization Therapy optimization," Computing in Cardiology (CinC),
2012, vol., no., pp.701,704, 9-12 Sept, 2012

Carneiro G., Nascimento, J., Freitas, A., Robust left ventricle segmentation from
ultrasound data using deep neural networks and efficient search methods. In:
IEEE International Symposium on Biomedical Imaging (ISBI), Rotterdam,
Netherlands, 2010

Comaniciu D., Zhou X., Krishnan S.; Robust real-time myocardial border tracking
for echocardiography: an information fusion approach. IEEE Transaction
Medical Image 23, 849-860, 2012

Chambolle A., An algorithm for total variation minimization and applications,
Journal of Mathematical Imaging and Vision 20 89-97, 2004

Cohen D.; Segmentation on active contour models and balloons. CVGIP: Image
Understanding, 53, 211-218, 1991

Cohen L. and Cohen I., Finite element methods for active contour models and
balloons for 2-D and 3-D images. IEEE Transactions on Pattern Analysis and

Machine Intelligence, 15, 1131-1147, 1993

Christensen G. and Johnson J.; Consistent image registration. IEEE Transactions on
Medical Imaging, 20(7):568-582, 2001

136



Chan T. and Vese L., Active contours without edges, IEEE Transaction on Image
Processing 10 (2) 266-277, 2001

Centers for Disease Control and Prevention. Chronic Disease Overview: Costs of
Chronic Disease. Centers for Disease Control and Prevention Web Site.
http://www.cdc.gov/nccdphp/overview.htm

Centers for Medicare and Medicaid Services, Office of the Actuary, National Health
Statistics Group, http://www.cms.hhs.gov/NationalHealthExpendData.

Catherine O., Textbook of Clinical Echocardiography, third ed., W.B. Saunders,
Philadelphia, 2009

Carreras 1., Sorzano C., Marabini R., Carazo J., De Solorzano O., and Kybic J.;
Consistent and elastic registration of histological sections using vector-spline
regularization. In Computer Vision Approaches to Medical Image Analysis,
85-95. 2006

Changtao H., Guiqun C., Fangnian L., “An Efficient Fusion Approach for
Multispectral and Panchromatic Medical Imaging”, Biomedical Engineering
Research, pp. 30-36, 2013

Caselles V., Kimmel R., Sapiro G., Geodesic active contours, International Journal
of Computer Vision 22 (1) 61-79, 1997

Chen Y., Tagare, D., Thiruvenkadam S., Hunag F., Wilson D., Gopinath S., Briggs
R., Geiser, E., Using prior shapes in geometric active contours in a
variational framework. Int. J. Computer Vision 50, 315-328, 2002

Chen, Y., Huang, F., Tagare, D., Rao, M., A coupled minimization problem for
medical image segmentation with priors. International Journal of Computer
Vision 71 (3), 259-272, 2007

Chan T., Esedoglu S., and Nikolova M., Algorithms for finding global minimizers of
image segmentation and denoising models, SIAM Journal on Applied
Mathematics 66 16321648, 2006

Castro R., Zagrodsky V., Bouchet L. and Shekhar R., Automated prostate
localization in external-beam radiotherapy using mutual information-based

registration of treatment planning CT and daily 3D ultrasound images
International Congress Ser.1281435-40, 2005

Cury F., Shenouda G., Souhami L., Duclos M., Faria S., David M., Verhaegen F.,
Corns R., and Falco T., “Ultrasound-based image guided radiotherapy for
prostate cancer—Comparison of cross-modality and intra-modality methods
for daily localization during external beam radiotherapy, “International
Journal of Radiology and Oncology in Biological Physics, vol. 66, pp. 1562—
1567, 2006

Crum W., Hartkens T., and Hill L., “Non-rigid image registration: Theory and
practice,”Br. J. Radiol., vol. 77, no. 2, pp. S140-S153, Spec, 2004

137



Dice L., 1945. Measures of the amount of ecologic association between species.
Ecology 26, 297-302, 1945

Duda R., Hart P., Stork D.; Pattern Classification. John Wiley & Sons Inc. press, 2nd
edition, 2001

Duan, Q., Angelini, E., Laine, A.; Surface function actives. J. Vis. Community
Image R. 20 (7), 478-490, 2009

Deepak S., Parsai P., “Different Image Fusion Techniques, a Critical Review”,
IJMER, ISSN: 2249-6645, Volume 2, Issue 5, pp. 4298-4301, 2012

Dietenbeck T., Alessandrini M., Barbosa D., D’hooge J., Friboulet D., Bernard O.,
Detection of the whole myocardium in 2D-echocardiography for multiple
orientations using a geometrically constrained level-set, Medical Image

Analysis 16 386401, 2012

Dipeng Ch., and Qi Li,; The Use of Complex Contour-let Transform on Fusion
Scheme” proceedings of world academy of science, engineering and
technology, volume 7, pp. 342-374, 2005

Darolti C., Mertins A., Bodensteiner C., and U. Hofmann, Local Region Descriptors
for Active Contours Evolution, IEEE Transactions on Image Processing 17
2275-2288, 2008

Deka B. and Ghosh D.; Watershed segmentation for medical ultrasound images.
IEEE International Conference on Systems, Man, and Cybernetics, 6, 3186-
3191, 2006

Derek LG H., Philipp G., Batchelor K., Mark H., and David J.; Medical image
registration. Physics in Medicine and Biology, 46:R1-R45, 2001

Domokos C., Kato Z., Francos J.;”Parametric estimation of affine deformations of
binary images”’; Proceedings of IEEE International Conference on Acoustics,
Speech, and Signal Processing; 2008

Erdt M., Steger S., Sakas G.; Regmentation: A new view of image segmentation and
registration. Journal of Radiation Oncology Informatics, 1-23 2012

Fitzpatrick J., West J., Maurer B., Jr C.; Predicting error in rigid-body point-based
registration, IEEE Trans. Med. Imaging, 17:694-702, 1998

Fuster V., O’Rourke R., Walsh R., Poole-Wilson P., Hurst’s the Heart, 12th ed.,
McGraw Hill, New York, 2007

Firle E., Wesarg S., Karangelis G., et al.: Validation of 3D ultrasound: CT

registration of prostate images. Proceedings of SPIE Medical Imaging Vol
5032: 354-362, 2003

138



Fred D., Mettler A., Milton J., Guiberteau D.; Essentials of Nuclear Medicine
Imaging, fifth ed., W.B. Saunders, Philadelphia, 2005

Fischer B. and Modersitzki J.; Combination of automatic non-rigid and landmark
based registration: the best of both worlds. In J.M. Fitzpatrick M. Sonka,
editor, Medical Imaging, pages 1037-1048, 2003

Faber T., Cooke D., Folks D., Vansant P., Nichols J., DePuey G., Pettigrew I.,
Garcia E., Left ventricular function and perfusion from gated SPECT
perfusion images: an integrated method, J. Nucl. Med. 40 (4) 650—665, 1999

Fei B., Duerk J., Wilson D.; Automatic 3d registration for interventional mri-guided
treatment of prostate cancer. Computer Aided Surgery; vol. 7:257-267.
[PubMed: 12582978], 2002

Fung A., Ayyangar K., Djajaputra D., Nehru R., and Enke C., “Ultrasound-based
guidance of intensity-modulated radiation therapy, "Med. Dosimetry, vol. 31,
pp- 20-29, 2006

Fuss M., Salter B., Cavanaugh S., Fuss C., Sadeghi A., Fuller C., Ameduri A.,
Hevezi J., Herman T., and Jr C., “Daily ultrasound-based image-guided
targeting for radiotherapy of upper abdominal malignancies, “Int. J.
Radiology Oncology Biology Phys., vol. 59, pp. 1245-1256, Jul. 2004

Gobbi D., Comeau R., Peters T.; Ultrasound/MRI overlay with image warping for
neurosurgery. MICCAI 2000, LNCS 1935, 106114, 2000

Guogiang M., Naixiang L., and Xiaojuan W., “Segmentation of Small Animal
Computed Tomography Images Using Original CT Values and Converted
Grayscale Values” D. Li and Y. Chen (Eds.): CCTA 2013, Part I, IFIP AICT
419, pp. 470-477, 2014. IFIP International Federation for Information
Processing; 2014

Gibou F. and Fedkiw R., A fast hybrid k-means level set algorithm for segmentation,
4th Annual Hawaii International Conference on Statistics and Mathematics
281-291, 2005

Garvey D., Lowrance D., Fischler A.; “An Inference Technique for Integrating
Knowledge from Disparate Sources”, Proc. IEEE 73, 1054-1063, 1985

Gonzalez R. and Woods R.; “Digital Image Processing”, 2nd Ed., Englewood Cliffs,
NIJ: Prentice-Hall, Inc., 2002

Gobbi D., Comeau R., and Peters T., “Ultrasound/MRI overlay with image warping
for neurosurgery,” in Medical Images and Computer-Assited Intervention
(MICCAI 2000) LNCS, vol. 1935, pp. 106—-114, 2000

Graeme P., Penneys K., Jane M. Blackall, D., Tarun S., Andreas A., and David J.
Hawkes. Overview of an ultrasound to CT or MR registration system for use
in thermal ablation of liver metastases. In In MIUA’01, pages 65—68, 2001

139



Gueziec A., Kazanzides P., Williamson B., and Taylor R., “Anatomy-based
registration of CT-scan and intra-operative X-ray images for guiding a
surgical robot, "IEEE Trans. Med. Image, vol. 17, no. 5, pp. 715-728, Oct.
1998

Guoqgiang M., Naixiang L., and Xiaojuan W.; “Segmentation of Small Animal
Computed Tomography Images Using Original CT Values and Converted
Grayscale Values” D. Li and Y. Chen : CCTA 2013, Part I, IFIP AICT 419,
pp. 470—477, 2014. IFIP International Federation for Information Processing;
2014

Gooding M., Rajpoot K., Mitchell S., Chamberlain P., Kennedy SH., Noble J.;
“Investigation into the Fusion of Multiple 4D Fetal Echocardiography Images
to Improve Image Quality”, Ultrasound in Medicine and Biology, Volume
36, Issue 6, 957-66, 2010

Grau V., Becher H., and Noble A., “Registration of multi-view real-time 3D
echocardiographic sequences, ” IEEE Transaction in Medical images, vol.
26, no. 9, pp. 1154-1165, 2007

Gonzalez R., Woods R.; Digital Image Processing. Prentice Hall, 2nd Edition, Jan.
2002

Goshtasby A., Nikolov S., “Image fusion: Advances in the State of the Art”,
Information Fusion, vol. 8, pp. 114-118, 2007

Hongliang Y.; Dissertation; Automatic Rigid and Deformable Medical Image
Registration; Worcester Polytechnic Institute; 2005

Huttenlocher D., Klanderman G., Rucklidge W., 1993. Comparing images using the
Hausdorff distance. IEEE Trans. Pattern Analysis Machine Intelligent 15 (9),
850-863, 2009

Hill D., Batchelor P., Holden M., Hawkes D.; Medical image registration, Phys.
Med. Biol., 46:R1-R45, 2001

Hussin K. and Jason G.; “Left Ventricular Endocardium Tracking by Fusion of
Biomechanical and Deformable Models”, Computational and Mathematical
Methods in Medicine, Hindawi Publisher, vol. 2014, Article ID 302458, 12
pages, 2014

Huang X., Hill N., Ren J., Guiraudon G., Boughner D., Peters T.; Dynamic 3D
Ultrasound and MR Image Registration of the Beating Heart. In: Medical
Image Computing and Computer-Assisted Intervention 2005, pp. 171-178,
2005

Hedrick W., Hykes L., Starchman E., Ultrasound Physics and Instrumentation,
fourth ed., Mosby, Chicago, 2004

140



Hamou A., El-Sakka, M., 2010. Optical flow active contours with primitive shape
priors for echocardiography. EURASIP J. Adv. Signal Process. 2010

Hill D. and Hawkes J.; Voxel similarity measures for automated image registration.
Visualization in Biomedical Computing, Proc. SPIE 2359:205-216, 1994

Helmut P., Stefan L., and Micheal H.; Registration without ICP. Computer Vision
and Image Understanding, 95(1):54-71, 2002

Hartley R.; Transmission of information. Bell Systems Technical Journal, 7:535—
563, 1929

Hirose M., Bharatha A., Hata N., et al. Quantitative MR imaging assessment of
prostate gland deformation before and during MR imaging-guided
brachytherapy. Acad Radiology; vol. 9:906-912. [PubMed: 12186439], 2002

Hill D., Batchelor G., M. Holden, and D. J. Hawkes, “Medical image registration,”
Phys. Med. Biol., vol. 46, no. 3, pp. R1-45, Mar. 2001

Han J., Berkels B., Rumpf M., Hornegger J., Droske M., Fried M., Scorzin J., and
Schaller C.. A Variational Framework for Joint Image Registration,
Denoising and Edge Detection. In H. Handels, J. Ehrhardt, A. Horsch,

H. Meinzer, and T. Tolxdorff, editors, Bildverarbeitung f ” ur die Medizin, pages
246-250, Hamburg, Springer, 2006

Han J., Berkels B., Droske M., Hornegger J., Rumpf M., Schaller C., Scorzin J., and
Urbach H.. Mumford-shah model for one-to-one edge matching. IEEE
Transaction on Image Processing, 16(11), 2007

Hipwell J., Penney G., McLaughlin R., Rhode K., Summers P., Cox T., Byrne J.,
Noble J., and Hawkes D., “Intensity-based 2D, 3D registration of cerebral
angiograms,” IEEE Trans. Med. Imag., vol. 22, no. 11, pp. 1417-1426, Nov.
2003

Schneider R., Perrin D., Vasilyev N., Marx G., Nido P., Howe R., Real-time image-
based rigid registration of three-dimensional ultrasound. Medical Image
Analysis, 2011

Hedjazi M.; Dissertation; New Algorithms in Rigid-Body Registration and
Estimation of Registration Accuracy; Queen’s University Kingston, Ontario,
Canada; September, 2008

Heinrich M., Simpson 1., Jenkinson M., Brady M., Schnabel A.; Uncertainty
estimates for improved accuracy of registration-based segmentation

propagation using discrete optimization. In: MICCAI SATA Workshop 2013

Isaac B., “Handbook of Medical Imaging: Medical Image Processing and Analysis”,
Ist edition, Academic Press, 2000

141



Julia F., Barrett P. and Nicholas K.; Artifacts in CT: Recognition and avoidance.
Radio-Graphics, 24:1679 — 1691, November 2004

Jingfeng H., Joachim H., Torsten K., Werner B., Wolfgang R.; Feature Constrained
Non-rigid Image Registration; Frontiers in Simulation, 18th Symposium on
Simulations technique, Erlangen, 12.-15, pp. 638-643, ISBN 3-936150-41-9,
2005

Jingfeng H.; “One-to-one Edge Based Registration and Segmentation Based
Validations in Hybrid Imaging”, Doctoral Thesis, 2009

James A., Dasarathy V., “Medical Image Fusion: A Survey of State of the Art”,
Information Fusion, Volume 19, pp. 4-19, 2014

Jenkinson M., and Smith S., A Global Optimization Method for Robust Affine
Registration of Brain Images, Medical Image Analysis, 5(2):143-156, June
2001

Johnson H. and Christensen G.; Consistent landmark and intensity-based image
registration. IEEE Transactions on Medical Imaging, 21(5):450-461, 2002

Joseph V. Hajnal K., Derek L., Hill B., and David. J.; Medical Image Registration
Medical Image Registration. CRC press LLC, 2001

Jawahar C. and Narayanan P.; "'Feature integration and selection for pixel
correspondence,” Indian Conference on Computer Vision, Graphics and
Image Processing, Dec 20-22, 2000

Johnson G., Christensen J.; Consistent landmark and intensity-based image
registration. IEEE Transactions on Medical Imaging, 21(5):450-461, 2002

Jian-Jiun  D., “Time-Frequency Analysis and Wavelet Transform,”
http://djj.ee.ntu.edu.tw/index.php, 2008

Kaspersen J., Sjolie E., Wesche J., Asland J., Lundbom J., Odegard A., Lindseth F.,
Three-dimensional ultrasound-based navigation combined with preoperative
CT during abdominal interventions: a feasibility study, Cardiovascular
Intervention Radiology, 26:347-356, 2003

Kasper D., Braunwald E., Fauci A., Harrison’s Principles of Internal Medicine, 17th
ed., McGraw-Hill, New York, 2008

Kaihua Z., Lei Z., Huihui S., Wengang Z., Active contours with selective local or
global segmentation: A new formulation and level set method; Image and
Vision Computing 28 668—676, 2010

Kaihua Z., Lei Z., KinMan L., and David Z., A Locally Statistical Active Contour

Model for Image Segmentation with Intensity In-homogeneity, Computer
Vision and Pattern Recognition, 2013

142



Kusum R., Reecha Sh., “Study of Different Image Fusion Algorithm”, International
Journal of Emerging Technology and Advanced Engineering, ISSN 2250-
2459, Volume 3, Issue 5, 2013

Ki. H.,, Swain H.; “A Method for Classification of Multisource Data using
Interval-Valued Probabilities and its Application to HIRIS Data”,
Proceedings of Workshop on Multisource Data Integration in Remote
Sensing, Nasa Conference Publ. 3099, Greenbelt, pp. 27-38, 1990

Kaspersen J., Sjlie E., Wesche J., Asland J., Lundbom J., Odegard A., and Lindseth
F., “Three-dimensional ultrasound-based navigation combined with
preoperative CT during abdominal interventions, A feasibility study,
”Cardiovascular Intervention Radiology, vol. 26, pp. 347-356, 2003

Krissian K., Kikinis R., Westin C., and Vosburgh, K.: ‘Speckle-constrained filtering
of ultrasound images’, ‘Book Speckle-constrained filtering of ultrasound
images’, pp. 547-552, 2005

Koay C., Basser, P.; “Analytically exact correction scheme for signal extraction from
noisy magnitude MR signals*; Journal of Magnetic Resonance 179(2), 317-
322; 2006

Kass M., Witkin A. and Terzopoulos D., Snakes: active contour models.
International Journal of Computer Vision, 1, 321-331, 1988

Knutsson H. and Westin C., Normalized and Differential Convolution: Methods for
Interpolation and Filtering of Incomplete and Uncertain data, IEEE
Conference on Computer Vision and Pattern Recognition 515-523, 1993

Kybic J.; “Bootstrap re-sampling for image registration uncertainty estimation
without ground truth®; IEEE Transactions on Image Processing 19(1), 64—73;
2009

Lindseth F., Kaspersen J., Ommedal S., Lange T., Unsgaard G., Hernes T.,
Multimodal image fusion in ultrasound-based neuro-navigation: improving
overview and interpretation by integrating preoperative MRI with intra-
operative 3D ultrasound, submitted to Computer Aided Surgery, 2002

Li C., Xu C., Gui C,, and Fox M., Distance regularized level set evolution and its
application to image segmentation, IEEE Transaction on Image Processing
19 (2010) 3243-3254, 2010

Luis L., Will S., Lydia N., Josh C.; Insight Software Consortium. ITK Segmentation
and Registration Tool Kit, volume 1.6. Kitware, INC., 1996

Lee D., Nam W., Lee J., Ra J.; “Non-rigid registration between 3D ultrasound and

CT images of the liver based on intensity and gradient information”; 2011
Jan 7; 56(1):117-37. 2010

143



Linte C., Wierzbicki M., Moore J., Guiraudon G., Little S., and Peters T., “Towards
subject-specific models of the dynamic heart for image guided mitral valve
surgery,” in Medical Image Computing and Computer-Assisted
Intervention—MICCAI 2007: 10th International Conference. New York:
Springer-Verlag, 2007, vol. 4792, Lecture Notes in Computer Science, pp.
94-101, 2007

Lee D., Nam W., Lee J., and Ra B.; ‘Non-rigid registration between 3D ultrasound
and CT images of the liver based on intensity and gradient information’,
Physics in medicine and biology, 2011, 56, (1), pp. 117, 2011

Lie J., Lysaker M., Tai C., A binary level set model and some application to
Munford—Shah image segmentation, IEEE Transaction on Image Processing
15 1171-1181, 2006

Lankton S., Tannenbaum A., Localizing Region-Based Active Contours, IEEE
Transactions on Image Processing 17 2029-2039, 2008

Li C., Xu Y., Gui F., Fox D., Level set evolution without re-initialization: a new
variational formulation, in: IEEE Conference on Computer Vision and
Pattern Recognition, San Diego, pp. 430436, 2005

Li C.,, Kao C., Gore J., and Ding Z., Implicit Active Contours Driven by Local
Binary Fitting Energy, IEEE Conference on Computer Vision and Pattern
Recognition 1-7, 2007

Lin N., Yu W., Duncan J.; Combinative multi-scale level set framework for
echocardiographic image segmentation. Med. Image Anal. 7, 529-537, 2003

Li C., Kao C., Gore C., and Ding Z., Minimization of Region-Scalable Fitting
Energy for Image Segmentation, IEEE Transactions on Image Processing 17
1940-1949, 2008

LiHao M.; Dissertation; Registration-Based Segmentation of Medical Images;
School of Computing National University of Singapore; July, 2006

Li L., Fu Y., Bai R. and Mao J.; Medical ultrasound image segmentation based on
improved watershed scheme. The 3rd International Conference on
Bioinformatics and Biomedical Engineering, Beijing, 11-13 June 2009, 1-4,
2009

Leckei G.; “Synergism of Synthetic Aperture Radar and visible/infrared data for
forest type discrimination”, Photogram, Eng. Remote Sens., 1237-1246,
1990

Linte C., Wierzbicki M., Moore J., Guiraudon G., Little S., and Peters T., “Towards
subject-specific models of the dynamic heart for image guided mitral valve
surgery,” in Medical Image Computing and Computer-Assisted Intervention,
MICCALI 2007: 10th International Conference. New York: Springer-Verlag,
vol. 4792, Lecture Notes in Computer Science, pp. 94101, 2007

144



Lixia Y., Yuming M., Luiz A., et al.,, “Effectiveness of Myocardial Contrast
Echocardiography Quantitative Analysis during Adenosine Stress versus
Visual Analysis before Percutaneous Therapy in Acute Coronary Pain: A
Coronary Artery TIMI Grading Comparing Study”, Journal of Biomedicine
and Biotechnology, Hindawi publisher, vol. 2012

LiL., Lin J.,, Li Y. and Wang F. (2007) Segmentation of Medical Ultrasound Image
Based on Markov Random Field. The 1st International Conference on
Bioinformatics and Biomedical Engineering, Wuhan, 6-8 July, 968-971,
2007

McVeigh E., Ozturk T., Imaging myocardial strain, IEEE Signal Process. Mag. 18
(6), 44-56, 2001

Makela T., Clarysse P., Sipila O., Pauna N., Pham Q.C., Katila T., Magnin 1., A
review of cardiac image registration methods, IEEE trans. on Medical
Images, 21(9):1011-1021, 2002

Maintz J., Viergever M.; A survey of medical image registration, Med. Image Anal.,
2:1-36, 1998

Moelich M. and Chan T.; Joint segmentation and registration using logic models.
Technical report, Y.-N. YOUNG AND D. LEVY, Technical Report, 2003

Mazaheri S., Suhaiza P., Wirza R., Dimon Z., Khalid F., and Moosavi Tayebi R.;
“Uncertainty Estimation for Improving Accuracy of Non-Rigid Registration
in Cardiac Images”; The 11th International Conference on Artificial
Intelligence Applications and Innovations (AIAI'lS) - September 14th-17th,
Bayonne, France, 2015

Mazaheri S., Suhaiza P., Wirza R., Dimon Z., Khalid F., and Moosavi Tayebi R.;
“Hybrid Non-rigid Registration Framework for CT and Echocardiography
Images™; Submitted to Journal of Digital Imaging, ISSN: 0897-1889, Journal
no. 10278; 2015

Maes F., Vandermeulen D., and Suetens P., “Medical image registration using
mutual information,” Proc. IEEE, vol. 91, no. 10, pp. 1699-1721, Oct. 2003

Mattias P., Heinrich K., Ivor J., Simpson N., Mark J., Michael B., and Julia A_;
“Uncertainty Estimates for Improved Accuracy of Registration-Based
Segmentation Propagation using Discrete Optimization”; MICCAI Challenge
Workshop on Segmentation: Algorithms, Theory and Applications; 2013

Mazaheri S., Sulaiman P., Wirza R., Dimon Z., Khalid F., and Moosavi Tayebi R.,
“Hybrid Pixel-based Method for Cardiac Ultrasound Fusion Based on
Integration of PCA and DWT”, submitted to Computational and
Mathematical Methods in Medicine Journal for Mathematical Methods and
Applications in Medical Imaging 2014 Special Issue (MMMI14), 2014

145



Mohammad T., Ahamd A., Ali K., “Medical ultrasound image segmentation using
genetic active contour”, J. Biomedical Science and Engineering, 4, 105-109,
2011

Mishra A., Dutta, P., & Ghosh K.; A GA based approach for boundary detection of
left ventricle with echocardiographic image sequences. Image and Vision
Computing, 21, 967-976, 2003

Moosavi Tayebi, R., Sulaiman P., Wirza R., Dimon Z., Kadiman S. and Mazaheri,
S.; A fast and accurate method for automatic coronary arterial tree extraction
in angiograms. Journal of computer science, 10(10): p. 2060-2076, 2014

Maybody M., Stevenson C., Solomon S.; Overview of navigation systems in image-
guided interventions. Tech Vascular Intervention Radiology; 16:136-143,
2013

Michailovich O. and Tannenbaum A., Segmentation of medical ultrasound images
using active contours. IEEE International Conference on Image Processing,
6, 513-516, 2007

Mignotte M., Meunier J., Tardiff J.; Endocardial boundary estimation and tracking in
echocardiographic images using deformable templates and Markov random
fields. Pattern Anal. Appl. 4, 256271, 2001

Mani V., and Rivazhagan S.. "Survey of Medical Image Registration." Journal of
Biomedical Engineering and Technology 1.2: 8-25, 2013

Marsland S., Twining J., and Taylor J.; Group-wise non-rigid registration using
polyharmonic clamped-plate splines, Sixth International Conference on
Medical Image Computing and Computer-Assisted Intervention
(MICCIA’03), LNCS, pages 246250, Montreal, Springer Verlag, 2003

Mazaheri S., Suhaiza P., Wirza R., Dimon Z., Khalid F., and Moosavi Tayebi R., “A
Robust and Accurate Segmentation of Echocardiographic Images through a
Geometrically Constrained Level Set”, Submitted to Advances in
Interventional Cardiology Journal, 2015

McVeigh E., Guttman A., Kellman P., N. Raval, and Lederman R., “Real-time,
interactive MRI for cardiovascular interventions,” Acad. Radiol., vol. 12, no.
9, pp. 1121-1127, Sep. 2005

McVeigh E., Guttman M., Lederman R., Li M., Kocaturk O., Hunt T., Kozlov S.,
and Horvath K., “Real-time interactive MRI-guided cardiac surgery: Aortic
valve replacement using a direct apical approach,” Magnetic Resonance
Medicine, vol. 56, no. 5, pp. 958-964, 2006

Mukta V., Parvatikar K. and Gargi S.; “Comparative Study of Different Image
Fusion Techniques”, International Journal of Scientific Engineering and
Technology, ISSN: 2277-1581, Volume No.3 Issue No.4, pp. 375-379, 2014

146



Mumford D., Shah J., Optimal approximation by piecewise smooth function and
associated variational problems, Communication on Pure and Applied
Mathematics 42 577-685, 1989

McNair H., Mangar S., Coffey J., Shoulders B., Hansen V., Norman A., Staffurth J.,
Sohaib S., Warrington A., and Dearnaley D., “A comparison of CT- and
ultrasound-based imaging to localize the prostate for external beam
radiotherapy,”Int. J. Radiol. Oncol. Biol. Phys., vol. 65, pp. 678—687, Jul.
2006

Micu R., Jakobs F., Urschler M., and Navab N., “A new registration/visualization
paradigm for CT-fluoroscopy guided RF liver ablation,” in Medicine Image
Computerized Assisted Interventions, International Conference in Medicine,
vol. 9, no. 1, pp. 882—-890, 2006

Maintz J. and Viergever M., “A survey of medical image registration,”Med. Image
Anal., vol. 2, no. 1, pp. 1-36, Mar. 1998

Makela T., Clarysse P., Sipil O., Pauna N., Pham C., Katila T., and Magnin L., “A
review of cardiac image registration methods,”IEEE Trans. Med. Imag., vol.
21,no. 9, pp. 1011-1021, Sep. 2002

Maes F., Collignon A., Vandermeulen D., Marchal G., and Suetens P.,
Multimodality Image Registration by Maximization of Mutual Information,
IEEE Transactions on Medical Imaging, 16(2):187-198, 2002

Maes F., Vandermeulen D., and Suetens P., Comparative Evaluation of Multi-
resolution Optimization Strategies for Multimodality Registration by
Maximization of Mutual Information, Medical Image Analysis, 3(4):373-
386, 1999

Maintz J., Viergever M., “A Survey of Medical Image Registration”, Medical Image
Analysis, 2(1):1-36, 1998

Matilda L., Niels Ch.; Overgaard and Anders H., Segmentation of the Left Heart
Ventricle in Ultrasound Images Using a Region Based Snake, Medical
Imaging 2013: Image Processing, Proc. of SPIE Vol. 8669, 866945, 2013

Noble A., Boukerroui D.; Ultrasound image segmentation: a survey. IEEE Trans.
Med. Image, 25 (11), 987-1010, 2006

Nemir A., Harsa A., Ahmed K., Wan A. and Haidi 1., “Medical Image Fusion
Scheme Using Complex Contour-let Transform based on PCA”, 31st Annual
International Conference of the IEEE EMBS Minneapolis, Minnesota, USA,
Sep 2009

Naidu V. and Raol R., “Pixel-Level Image Fusion using Wavelets and Principal
Component Analysis”, Defence Science Journal, Volume 58, No. 3, pp. 338-
352,2008

147



Osher S., Fedkiw R.; Level Set Methods and Dynamic Implicit Surfaces, Springer-
Verlag, New York, 2002

Oliver S. and Heinz W.; A new concept for intra-operative matching of 3D
ultrasound and CT. Studies in health technology and informatics, 81:446—
452,2001

Oguro S., Tokuda J., Elhawary H., et al. Mri signal intensity based b-spline non-rigid
registration for pre- and intra-operative imaging during prostate
brachytherapy. J Magnetic Resonance Images; vol. 30:1052—-1058, 2009

Osher S., Sethian, J., Fronts propagating with curvature-dependent speed: algorithms
based on Hamilton—Jacobi formulation. J. Computer Phys. 79, 12-49, 1988

Oliveira F., Tavares J., Medical image registration: a review. , Computational
Methods Biomedical Engineering; 17(2):73-93, 2014

Pohl K., Fisher J., Levitt M., Shenton R. Kikinis W., Grimson E., and Wells W.; A
unifying approach to registration, segmentation, and intensity correction. In
8th International Conference on Medical Image Computing and Computer
Assisted Intervention (MICCALI), pages 310-318, 2005

Pluim J. P. W, Maintz A., and Viergever M.; Mutual information based registration
of medical images: a survey. IEEE Transactions on Medical Imaging,
22(8):986, 1004 2003

Penney G., Blackall J., Hamady M., Sabharwal T., Adam A., and Hawkes J.,
Registration of Freehand 3D Ultrasound and Magnetic Resonance Liver
Images, Medical Image Analysis, 8(1):81-91, January 2004

Pluim J., Maintz A., and Viergever A., “Mutual-information-based registration of
medical images: A survey, "IEEE Transaction in Medical Images, vol. 22,
no. 8, pp. 986-1004, Aug. 2003

Paragios, N., Jolly, M., Taron, M., Ramaraj, R., Active shape models and
segmentation of the left ventricle in echocardiography. In: Scale-Space 2005,
LNCS 3459, pp. 131-142, 2005

Penney G., Blackall P., Hayashi M., Sabharwal D., Adam T., Hawkes A.; Overview
of an ultrasound to CT or MR registration system for use in thermal ablation

of liver metastases. In: Proc. Medical Image Understanding and Analysis, pp.
65-68, 2001

Penney G., Weese J., Little J., Desmedt P., Hill D., and Hawkes D., “A comparison
of similarity measures for use in 2-D-3-D medical image registration, "IEEE
Transaction Medicine Images, vol. 17, no. 4, pp. 586-595, Aug. 1998

Paragios N., Deriche R., Geodesic active contours and level sets for detection and
tracking of moving objects, IEEE Transaction on Pattern Analysis and
Machine Intelligence 22 1-15, 2000

148



Paragios N., Deriche R., Geodesic active regions and level set methods for
supervised texture segmentation, International Journal of Computer Vision
46 223-247, 2002

Paragios N., “A level set approach for shape-driven segmentation and tracking of the
left ventricle,” IEEE Trans. Med. Imag., vol. 22, no. 6, pp. 773776, 2003

Pelizzari C., Chen Y., Spelbring R., Weicheselbaum R., and Chen C.; Accurate
three-dimensional registration of CT, PET, and/or MR images of the brain. J.
Computer Assisted Tomography, 13:20-26, 1989

Penney G., Blackall M., Hamady M., Sabharwal T., Adam A., and Hawkes D.,
Registration of freehand 3D ultrasound and magnetic resonance liver images.
Medical Image Analysis, 8:81-91, 2004

Pluim J., Maintz A., and Viergever M.; Mutual information based registration of
medical images: a survey. IEEE Transactions on Medical Imaging,
22(8):986, 1004 2003

Vese A., T. Chan, A multiphase level set framework for image segmentation using
the Mumford—Shah model, International Journal of Computer Vision 50 271—
293, 2002

Vasilevskiy A., Siddiqi K., Flux-maximizing geometric flows, IEEE Transaction on
Pattern Analysis and Machine Intelligence 24 1565-1578, 2002

Venugopal N., McCurdy B., Hnatov A., Dubey A.; A feasibility study to investigate
the use of thin plate splines to account for prostate deformation. Phys Med
Biol.; vol. 50:2871-2885. [PubMed: 15930608], 2005

Rohlfing T., Maurer J., Bluemke C., Jacobs D.; “Volume-preserving nonrigid
registration of MR breast images using free-form deformation with an
incompressibility constraint®; IEEE Transactions on Medical Imaging 22(6),
730-741; 2003

Roche A., Pennec X., Malandain G. and Ayache N.; Rigid registration of 3-D
ultrasound with MR images: a new approach combining intensity and
gradient information, IEEE Transaction Medicine Imaging 38—49, 2010

Risholm P., Fedorov A., Pursley J., Tuncali K., Cormack R., and Wells W.;
Probabilistic Non-Rigid Registration of Prostate Images: Modeling and
Quantifying Uucertainty; Published in final edited form as: Proc IEEE
International Symptom Biomed Imaging. 2011 June 9; 2011: 553-556, 2011

Richard Th. and Simon J.; Cross-Sectional Imaging Made Easy. Churchill
Livingstone, 2004

Rettig R., Medical innovation duels cost containment, Health Aff. 15, 1994

149



Rueckert D., Frangi F., and Schnabel A.; Automatic construction of 3-d statistical
deformation models of the brain using non-rigid registration. IEEE
Transactions on Medical Imaging, 22(8):1014-1025, 2003

Ronfard R., Region-based strategies for active contour models, International Journal
of Computer Vision 46 223-247, 2002

Roche A., Pennec X., Malandain G., and Ayache N., Rigid Registration of 3D
Ultrasound with MR Images: a New Approach Combining Intensity and
Gradient, IEEE Transactions on Medical Imaging,20(10):1038-1049, October
2001

Risholm P., Pieper S., Samset E., Wells W.; “Summarizing and Visualizing
Uncertainty in Non-rigid Registration”; In: Jiang, T., Navab, N., Pluim,
Viergever J.P.W., , M.A. (eds.) MICCAI 2010, Part II. LNCS, vol. 6362, pp.
554-561. Springer, Heidelberg; 2010

Simonson K., Drescher S., Tanner F.;”A Statistics Based Approach to Binary Image
Registration with Uncertainty Analysis”’; IEEE Pattern Analysis and Machine
Intelligence, Vol. 29, No. 1; 2007

Sarti A., Corsi C., Mazzini E. and Lamberti C., Maximum likelihood segmentation
of ultrasound images with rayleigh distribution. IEEE Transactions on
Ultrasonic’s, Ferroelectricsand Frequency Control, 52, 947-960, 2005

Sutton D., Grainger G., a Textbook of Radiology, E.S. Livingstone, Edinburgh, 2002

Steven W.; The Scientist and Engineer’s Guide to Digital Signal Processing.
California Technical Publishing, 1997-1998

Santana C., Shaw J., Garcia V., Soler-Peter M., Candell-Riera J., Grossman B.,
Krawczynska G., Faber L., A. Ribera, Vaccarino V., Halkar R., Carli F.,
Incremental prognostic value of left ventricular function by myocardial ECG-
gated FDG PET imaging in patients with ischemic cardio-myopathy, J.
Nuclear Cardiology 11 (5) 542-550, 2004

Sorzano C., Thevenaz P., and Unser M.; Elastic registration of biological images
using vector-spline regularization. IEEE Transactions on Biomedical
Engineering, 52(4):652—-663, April 2005

Shapiro L. G. and G. C. Stockman. Computer Vision, pages 279-325. Prentice-Hall,
New Jersey, USA, 2001

Shannon E., The mathematical theory of communication (parts 1 and 2). Bell Syst.
Tech. j., 27:379-423 and 623656, 1948

Smolkov R., Wachowiak P., Fenster A., and Drangova M., “Registration of two-
dimensional cardiac images to pre-procedural three-dimensional images for
interventional applications,” J. Magnetic Resonance Images, vol. 22, no. 2,
pp. 219-228, Aug. 2005

150



Suematsu Y., Marx G., Stoll J., DuPont P., Cleveland R., Howe R., Triedman K.,
Mihaljevic T., Mora N., Savord B., Salgo S., and Nido P., “Three-
dimensional echocardiography-guided beating-heart surgery without

cardiopulmonary bypass: A feasibility study, J. Thoracic Cardiovascular
Surgery, vol. 128, no. 4, pp. 579-587, Oct. 2004

Suematsu Y., Martinez F., Wolf K., Marx G., Stoll A., DuPont E., Howe R.,
Triedman J., and Nido P., “Three-dimensional echo-guided beating heart
surgery without cardiopulmonary bypass: Atrial septal defect closure in a

swine model, Thoracic Cardiovascular Surgery, vol. 130, no. 5, pp. 1348—
1357, Nov. 2005

Scarbrough T., Golden N., Ting J., Fuller C., Wong A., Kupelian P., and Jr C.,
“Comparison of ultrasound and implanted seed marker prostate localization
methods: Implications for image-guided radiotherapy, “International Journal
of Radiology Oncology in Biological Physics, vol. 65, pp. 378-387, 2006

Sun Y., Kadoury S., Li Y., John M., Resnick J., Plambeck G., Liao R., Sauer F., and
Xu C., “Image guidance of intracardiac ultrasound with fusion of pre-
operative images,” in Computer Assisted Interventions, vol. 10, no. Pt 1, pp.
60-67, 2007

Studholme C., Hill D., and Hawkes D., Automated 3-D Registration of MR and CT
Images of the Head, Medical Image Analysis, 1(2):163-175, 1996

Sarrut D. and Miguet S.; Similarity Measures for Image Registration, European
Workshop on Content-Based Multimedia Indexing, p. 263-270. IHMPT-
IRIT, Toulouse, France, 1999

Shafer G.; “a Mathematical Theory of Evidence”, Princeton Univ. Press, Princeton,
NJ, 1979

Turgeon G., Lehmann G., Guiraudon G., Drangova M., Holdsworth D., and Peters
T., “2D-3D registration of coronary angiograms for cardiac procedure
planning and guidance, ”Med. Phys., vol. 32, no. 12, pp. 3737-3749, Dec.
2005

Tao Z., Tagare D.; 2007. Tunneling descent for M.A.P. active contours in ultrasound
segmentation. Med. Image Anal. 11, 266-281, 2007

Taron M., Paragios N., Jolly M.; Border detection on short axis echocardiographic
views using a region based ellipse-driven framework. In: MICCALI, pp. 443—
450, 2004

Tavakoli. V., Amir A. Amini, A survey of shaped-based registration and
segmentation techniques for cardiac images; Computer Vision and Image
Understanding 117, 966-989, 2013

151



Tajinder S., Mandeep K., Amandeep K., “A Detailed Comparative Study of Various
Image Fusion Techniques Used in Digital Images”, International Journal of
Advanced Engineering Technology, E-ISSN 0976-3945, 2013

Tsai A., Yezzi A. and Willsky S., Curve evolution implementation of the Mumford—
Shah functional for image segmentation, de-noising, interpolation, and
magnification, IEEE Transaction on Image Processing 10 1169— 1186, 2001

Wang Z. and Bovik C.; “A Universal Image Quality Index”, IEEE Signal Process.
Volume 9, Issue 3, pp. 81-84, 2002

Wenzhe Sh., Xiahai Z., Robin W., Duckett S., KaiPin T., Haiyan W., Sebastien
O., Philip E., Reza R., Daniel R.; A Multi-image Graph Cut Approach for
Cardiac Image Segmentation and Uncertainty Estimation; Statistical Atlases
and Computational Models of the Heart. Imaging and Modeling Challenges,
Lecture Notes in Computer Science Volume 7085, pp 178-187, 2012

Wein W., Kutter O., Aichert A., Zikic D., Kamen A. and Navab N.; ”Automatic non-
linear mapping of pre-procedure CT volumes to 3D ultrasound”; IEEE ISBI
2010 (Rotterdam, The Netherlands, April 2010); 2010

Wang Y., Lei T., Statistical analysis of MR imaging and its applications in image
modeling, IEEE International Conference of Image Processing and Neural
Networks 866—870, 1994

Wein W., Roper B., and Navab N., “Automatic registration and fusion of ultrasound
with CT for radiotherapy” in MICCAI 2005 Proceedings. New York:
Springer, vol. 3750, Lecture Notes in Computer Science, pp. 303-311, 2005

Wein W., Roper B., Navab N., Integrating diagnostic B-mode ultrasonography into
CT-based radiation treatment planning, IEEE Transactions on Medical
Imaging, 26, pp. 866879, 2007

Weese J., Penney G., Desmedt P., Buzug T., Hill D., and Hawkes D., “Voxel-based
2-D/3-D registration of fluoroscopy images and CT scans for image-guided
surgery,”’IEEE Trans. Inf. Technol. Biomed., vol. 1, no. 4, pp. 284-293, Dec.
1997

Wein W., Khamene, D., Clevert, Kutter O., and Navab N., “Simulation and fully
automatic multimodal registration of medical ultrasound,” in Computer
Assisted Intervention International Conference, vol. 10, pp. 136—143, 2007

Wein W., Brunke S., Khamene A., Callstrom M. and Navab N., Automatic CT-
ultrasound registration for diagnostic imaging and image-guided intervention
Medical Image Analysis, 1257785, 2008

Wells M., Viola P., Atsumi H., Nakajima S., and Kikinis R., Multi-modal Volume

Registration by Maximization of Mutual Information, Medical Image
Analysis, 1(1):35-51, March 1996

152



Webb A., Introduction to Biomedical Imaging, John Wiley and Sons Inc., Hoboken,
NJ, 2003

Xu C. and Prince L.; Snakes, shapes, and gradient vector flow, IEEE Transaction on
Image Processing 7 359-369, 1998

Xu N., Ahuia N., Bansal R., Object segmentation using graph cuts based active
contours, Computer Vision and Image Understanding 107 210-224, 2007

Xu S., Fichtinger G., Taylor H., and Cleary K., “3D motion tracking of pulmonary
lesions wusing CT fluoroscopy images for robotically assisted lung
biopsy,”’Proc. SPIE, vol. 5367, pp. 394-402, 2004

Xishi H., Moore J., Guiraudon G., Jone D., Bainbridge D., Jing R., Peters T.;
"Dynamic 2D Ultrasound and 3D CT Image Registration of the Beating
Heart," Medical Imaging, IEEE Transactions on , vol.28, no.8, pp.1179,1189,
Aug. 2009

Xishi H., Moore J. ; Guiraudon G., Jones, L., Bainbridge D., Jing R., Peters M.,
“Dynamic 2D Ultrasound and 3D CT Image Registration of the Beating
Heart”; IEEE transactions on medical imaging, vol. 28, No. 8; 2009

Yang L., Guo L. and Ni W.; “Multimodality Medical Image Fusion based on Multi-
Scale Geometric Analysis of Contour-let Transform”, Neuro-computing 72,
pp. 203-211, 2008

Young Y. and Levy D.; Registration-based morphing of active contours for
segmentation of CT scans. Mathematical Biosciences and Engineering,
2(1):79-96, 2005

Yao Ch., John M., Tobias S. and Graeme P., “Multi-view 3D Echocardiography
Compounding Based on Feature Consistency”, Physics in Medicine and
Biology, Volume 56, Number 18, pp. 6109-6128, 2011

Young Y. and Levy D.; Registration-based morphing of active contours for
segmentation of CT scans. Mathematical Biosciences and Engineering,
2(1):79-96, 2005

Zollei L., Yezzi A., and Kapur T.; A variational framework for joint segmentation
and registration. In MMBIA’01: Proceedings of the IEEE Workshop on
Mathematical Methods in Biomedical Image Analysis, pages 44-51,
Washington, DC, USA, IEEE Computer Society, 2001

Zhu M., Gu C., Liu B., Shen J. And Yu L.; Segmentation of ultrasound image based
on cluster ensemble. IEEE International Symposium on Knowledge
Acquisition and Modeling Workshop, Wuhan, 21-22 December 2008, 418-
421, 2008

153



Zhong H., Kanade T., and Schwartzman D., ““Virtual touch’: An efficient
registration method for catheter navigation in left atrium,” in Computer
Assisted Intervention International Conference, vol. 9, pp. 437-444, 2006

Zhang W., Noble J., and Brady J.; Real time 3-D ultrasound to MR cardiovascular

image registration using a phase-based approach, IEEE ISBI 2006 Arlington,
Virginia, USA, 2006

Zhu S. and Yuille A., Region competition: Unifying snakes, region growing, and
bayes/mdl for multiband image segmentation, IEEE Transaction on Pattern

Analysis and Machine Intelligencel8 884-900, 1996

Zhu G., Zhang Q., Zeng SH., Wang Ch., Boundary-based image segmentation
using binary level set method, Optical Engineering 46 050501, 2007

154





