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GUEST EDITORS’ INTRODUCTION

Analysis of Volumetric Images

Research in 2-D image analysis has more than 30 years of history and has mat
reasonably [1]. Research in volume image analysis, however, is still in its infancy. Thri
dimensional scanners that produce volumetric images have been around for some time
although methods for analyzing and visualizing such images in volume form have b
pursued for nearly 25 years [2], brisk activity in this area is a rather recent phenomenon

This special issue is intended to review previous work in volume image analysis &
introduce some new results. Research in volume image analysis can be categorized int
following areas.

1. PreprocessingThis includes operations that prepare an image for analysis. Su
operations are, for instance, filtering to reduce image noise [4] or enhance the edges
resampling to produce an isotropic volume from a stack of cross-sectional images [6,
and selection of a volume of interest from a large volumetric image [8].

2. Edge detectiontn volumetric images, edges appear as surfaces and separate reg
of different properties from each other. Many 2-D edge detection methods have been
tended to three dimensions to detect edges in volumetric images. Laplacian of Gaus
[9], nonmaxima suppression [10], functional fitting [11], and optimization [12] are suc
examples. In this issue, Brejl and Sonka [13] extend the 2-D edge detector of Haralick
Zuniga [14] to three dimensions to detect edges in anisotropic volume images.

3. SegmentationThis is the process of partitioning an image into meaningful regions. |
general, image segmentation can be categorized into region-based and edge-based me
Region-based methods make decisions based on region intensity properties, and e
based methods use intensity gradients to separate different regions from each other. A
number of 3-D image segmentation methods have been developed [15, 16]. In this is
Lopezetal.[17] describe a method for detecting creases inimages. Creases, which mea
medialness, appear as surfaces in volumetric images. The proposed method can effec
create surface structures that separate nearby regions of similar propertiest &lajis]
have extended the definition of fuzzy connectedness to include local object size. The
definition enables use of object scale in computation of the affinity relations used in fu:
connectedness and has been demonstrated to perform better than the connectedness n
without using scale. Reinharét al. [19] describe an interactive segmentation method it
which the user first interactively segments a number of frames in an image sequence,
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the program then, by interpolation, estimates and guides the segmentation in other in
frames.

4. Shape modelingThis includes methods that represent objects obtained as a resul
an image segmentation process. In volumetric images, an object can be represented ¢
by a solid or by a surface. Past work on representation of free-form objects has mo
focused on the surface representation, and most significant developments have consit
digital surfaces [20], superquadrics [21-23], hyperquadrics [24, 25], and free-form surfa
[26]. In this issue, Lorenz and Krahuoser [27] introduce a method for creating a shape
model that statistically describes variations among a number of given shapes. In addit
Guimondet al. [28] describe a method for constructing an average brain model from
number of MR brain images.

5. Registration:This is the process of overlaying two images to either combine inform:
tion from different sensors or compare images obtained with the same sensor at diffe
times. A large number of papers have been published in the area of image registration |
31]. Mutual information has proven very effective in registration of multimodal image
[32], but in this issue Pluinet al. [33] point out a problem with determination of regis-
tration parameters with subpixel accuracy using the mutual information and demonst
that patterns of local extrema in the similarity measure between images impede deterrr
tion of the optimal registration with subpixel accuracy. Alexander and Gee [34] describ
nonlinear method for registering brain images of different individuals. The ability to me
normal brain scans to each other makes it possible to determine the distribution of we
between the scans.

6. Feature selectionFeatures describe properties of an image or of a region. They coL
be statistical [35] or structural [36]. In this issueph€ezet al. [17] describe methods for
extracting structural features in volumetric images. Such features can be used to charact
and recognize objects.

7.Recognitionif statistical features are used, recognition in three dimensions can be de
with in the same way as in two dimensions. However, if structural features are used, r
methods have to be developed for 3-D images. In the past, systems to recognize 3-D ob
from their parts [37, 38] and systems to recognize objects represented by superquadric:
deformable models [39] have been developed.

8. Motion detection and trackingiVork in this area has mostly used deformable model.
such as superquadrics. After a model is fitted to data in each image frame, the mod
tracked from one frame to the next to determine motion [21, 40, 41]. An alternative appro:
is to compute the displacement vector field between successive frames, and from the ve
field determine motion [42, 43]. Digital surfaces have also been used in tracking mot
of rigid bodies, such as the bones at a joint, for understanding their normal and abnor
patterns of motion, and for evaluating joint surgery [44].

9. Visualization: Although display of 2-D images is straightforward, display of 3-D
images to convey information about an entire volume to the viewer simultaneously i
challenging problem. Considerable effort has gone into developing techniques that rer
volumetric images [3, 45-47]. Effective visualization of volumetric images is in demar
because when automatic methods for reliably analyzing and quantifying image proper
are not available, visualization can provide a means for visually analyzing images &
guantifying their properties with interactive tools.

The list of references given here is by no means a complete list of published work
volume image analysis. Rather, it is meant to provide a short reading list for individus
who would like to start working in this challenging field.
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The number of volumetric images produced annually is expected to increase steadil
e future [48]. Consequently, methods that automatically analyze volumetric images \

be in considerable demand. We hope that the papers in this issue motivate and accel
research in volume image analysis.

This special issue would not have been possible without the help of our expert revie
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