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Chapterr 1 

Introduction n 

Inn every day life, humans are accustomed to utilizing high-level visual concepts 
likee objects, people and places to help navigate through the daily abundance 
off  information reaching the eye. While these concepts come naturally to a 
humann observer, they pose a significant difficulty to computer systems that 
aree attempting to automatically grasp the content of image data for a wide 
varietyy of tasks, ranging from tracking moving cars in video data to matching 
engineeringg drawings to image data. In all these applications, computer sys-
temss require the ability to capture the projections of coherent entities amidst 
ann overwhelming quantity of image data, recognize objects from them and 
draww semantically meaningful conclusions. This prerequisite has generated a 
vivi dd interest in the development of qualified imaging technology. In partic-
ularr in the medical community, where the number of imaging modalities is 
stilll  quickly growing, much attention is devoted to thoroughly exploring and 
exploitingg the immense capabilities of imaging technology. 

Inn today's medical imaging science many examples are found demonstrating 
thee ever increasing interest in imaging technology. At the National Institute 
off  Health (United States), the online WebMIRS tool is under development to 
facilitatee the dissemination of biomedical database information across a wide-
areaa network, allowing database access to text and associated images without 
requiringg any software beyond a web browser. The VOXEL-MA N system, de-
velopedd at the University Hospital Eppendorf in Hamburg (Germany), is being 
augmentedd for free-form volume-sculpting operations for specification of free 
formm regions in three-dimensional images. At the Surgical Planning Labora-
tory,, a teaching affiliate of Harvard Medical School (United States), interactive 
anatomyy atlases are being developed for three-dimensional visualization and 
explorationn of anatomical structures and pathology to facilitate preoperative 
andd intraoperative planning. The Center for Advanced Instructional Media 
att Yale University (United States) aims at developing innovative computer-
basedd educational teaching cases not only for the benefit of medical student 
andd inhouse staff but also for the medical community at large. These are only 
feww of the manifestations of the advent of imaging technology in medicine. A 
continuedd uprise of medical imaging is expected to have a rigorous impact on 
thee quality of clinical health care at large. 
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1.11 Image Segmentation 

Imagess serve as tools of medical assistance or as educational tools only when extrac-
tionn of medically important morphological information is possible. To extract, this 
informationn it is often necessary to identify the elements in the image data belong-
ingg to the same anatomical structure, a process referred to as image segmentation. 
Thee segmentation problem is one of the most urgent topics in digital imaging, faced 
whereverr there is a desire for high-level reasoning about the image content. Going 
backk to the basics,, the general segmentation problem is to divide an image into parts 
thatt have a different physical basis. This problem is transposed into one of finding 
elementss in the image that have a one-to-one correspondence with real world entities 
whenn the image has the same dimensionality as that entity. The purpose of segmen-
tationn in medical imaging is to partition the image into areas that directly relate to 
anatomicall  structures or pathological conditions therein. Image segmentation pre-
ludess many processing and analysis tasks, hence plays an inevitable and pivotal role 
inn automatic medical image understanding. 

However,, in spite of considerable research efforts in the past decades, generic im-
agee segmentation is one of the unsolved grand challenges in image understanding in 
generall  and medical imaging in particular. Segmentation of medical imagery is still 
defyingg due to the quality of medical images and complexity of their content. Medical 
imagess often contain anatomical structures that are not clearly captured by the imag-
ingg sensor or that are easily confused with similar adjacent structures. Consequently, 
inn an image with insufficient intensity contrast, with interfering anatomical structures 
orr with unexpected pathology, an image segmentation method is bound to encounter 
seriouss problems when it is not specified in full detail what is sought for in the image. 
Thee permanent quest for segmentation tools that can handle such complex images 
hass led to numerous methods solving the segmentation problem for specific organs, 
imagingg sensors or medical problems. However, there is still littl e progress in the 
developmentt of generic and robust methods. 

1.22 Research Directions 

Inn an endeavor to develop generic segmentation tools the medical imaging community 
hass devoted considerable attention to model-based segmentation methods, aiming at 
extractingg boundary elements from the image data belonging to the same anatomical 
structure,, then integrating these elements into a coherent and consistent model of 
thatt structure. The interest in model-based methods stems from the fact that they 
exploitt bottom-up constraints derived from the image together with top-down a priori 
knowledgee about location, size and shape of structures [79]. Deformable models have 
provenn to be effective where traditional low level segmentation techniques, which only 
considerr local information, fail due to incorrect assumptions during the integration of 
boundaryy elements. However, a number of difficult problems still need to be addressed 
forr enhancement of deformable model methods. In this thesis we concentrate on some 
keyy challenges for deformable model methods in particular and medical image analysis 
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inn general: 

-- Automatic versus interactive segmentation. Interactive methodology is likely to 
remainn dominant in practice for some time to come [79] and hence requires a 
structuredd approach rather than an ad-hoc solution. 

-- Statistical versus geometrical models. Much attention has been devoted to 
geometricall  anatomical models subjected to physically plausible deformation 
laws,, while the often complex variation in shape and gray-level appearance may 
bee more appropriately captured by statistical models [20]. 

-- Normal versus abnormal data. Many problems require the analysis of not only 
normall  but also abnormal anatomical structures, however, often image analysis 
algorithmm development ignores the latter [33]. 

-- Landmark versus non-landmark data. Anatomical data is often used without 
particularr attention to biomedical homology, while points reliably located by 
anatomicall  and geometrical criteria [10] may facilitate the understanding of 
anatomicall  structures. 

Thee aim of the work described in this thesis is development of generic and robust 
methodss for image segmentation and browsing. Focusing on medical imaging prob-
lems,, we strive to learn a visual system what constitutes an anatomical structure and 
howw its constituents can be exploited for segmentation and browsing. We conceive of 
ann anatomical structure in an image as an entity that is defined by a manifold of fea-
turess along its continuous boundary. In this context, statistical analysis of a collection 
off  continuous multi-dimensional features allows to define the important characteristics 
off  a population of normals or abnormals. When a visual learning systems is capa-
blee of doing this, one can view the problem of medical image segmentation as one 
off  learning the appearance of the structure once and employing a learned model for 
extracting,, weighting and selecting multivariate continuous features of an unknown 
imagee to determine the plausibility of a boundary being recorded. The problem of 
medicall  image browsing can be comprehended as one of repeatedly endorsing better 
featuree weightings on the basis of novel image segmentations for the purpose of precise 
specificationn of the browsing intention. This thesis explores the potential of using and 
adoptingg these prospects. 

1.33 Thesis Outline 

Traditionall  image segmentation approaches are inequitably based on the assumption 
thatt medical images are self-contained, i.e. they contain most of the information 
necessaryy for identification of anatomical structures. However, clinicians employ a 
largee purview of related knowledge on such fields as anatomy, pathology, physiology 
andd radiology in order to arrive at a reasonable image interpretation. It is therefore 
naturall  to strive for an integration of user knowledge with the power of computation to 
arrivee at interactive segmentation methods. In chapter 2, we review human-computer 
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interactionn in image segmentation with the goal of determining promising approaches 
too interactive segmentation. 

Inn chapter 3, we elaborate on one promising interactive segmentation approach, 
namelyy deformable models. Deformable model methods have been used intensively 
forr image segmentation thanks to their ability to combine a priori shape informa-
tionn with visual information contained in an image of interest. Also their intuitive 
interactionn mechanism has contributed to their popularity. However, the incapacity 
off  deformable models to handle sophisticated structures that require the definition of 
multiplee boundary features has limited their application for medical imaging prob-
lems.. For this reason, chapter 3 explores new ways of tackling the image segmentation 
problemm by statistical deformable models. The question that is raised is how multiple 
boundaryy features such as edge gradient and contour curvature, can be exploited for 
learningg a continuous variational image segmentation model. 

Inn chapter 4, we describe a method for image retrieval. Retrieval of images from 
largee repositories is commonly done on the basis of textual descriptions associated 
withh the images. To exploit the rich visual information contained in the images them-
selves,, content-based image retrieval methods have recently emerged. The problem 
withh contemporary content-based retrieval methods is their premise that information 
extractedd from a single example image suffices to determine the user's retrieval inten-
tion.. Apart from this, information from the entire image is used to define a specific 
structuree contained in a much broader, less relevant, quantity of image data. Chapter 
44 concentrates on the problem of how to learn the user's retrieval intention and recover 
imagess best matching his/her concept from large collections of images, commencing 
fromm a single example. 

Chapterr 5 turns the focus back to the problem of segmentation, now in the context 
off  three-dimensional images. Three-dimensional images often contain huge amounts 
off  information, easily distracting automatic segmentation methods. To reduce dis-
tractionn by unrelevant image data, salient image information is frequently exploited, 
wheree saliency is associated with an a priori specified feature rather than with a fea-
turee that is automatically selected on optimality. When dealing with sophisticated 
anatomicall  structures from which many salient points are likely to emanate, it is more 
naturall  to consider multiple features and to determine the best one automatically on 
aa geometrical basis. Chapter 5 tackles the problem of how to conveniently define 
saliencyy and how to befittingly use it for (interactive) segmentation of volumetric 
imagee data in the context of deformable models. 

Inn chapter 6, we take on the problem of segmenting spinal images. Segmentation 
off  spinal images is an essential task for the analysis of spinal morphology. This is 
difficul tt to achieve fully automatically due to the articulated structure of vertebrae 
andd their dense surroundings with ribs and other organs. Current approaches mainly 
focuss on landmark-based segmentation of two-dimensional views of the spine, followed 
byy a three dimensional reconstruction from the two-dimensional segmentations. The 
problemm with these approaches is that they are less suitable for capturing truly in-
tricatee three-dimensional characteristics. For this reason, in chapter 6 we attempt to 
constructt a three-dimensional integral spine model for landmark-based segmentation 
byy combining techniques described in the preceding chapters. 


