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Abstract: Segmentation in neurological magnetic
resonance (MR) imaging is necessary for property
extraction, volume measurement and 3D visualisation.
Automated and semi-automated segmentation of brain
MR is relevant because of the large amount of data
generated and the need for reproducible analysis
tools. In this paper, a hierarchical region'based
approach to segmenting brain MR images consisting
of Global Pre-segmentation, Region Specification,
Regional Feature Extraction and Segmentation
Algorithm is presented. The output of our system is a
hierarchy of progressively refined segmentations. The
independence of each processing module makes our
approach flexible and general enough to be used for
various clinical applications.
INTRODUCTION AND RELATED WORK
The great importance of brain MR segmentation has
resulted in a large number of publications presenting a

wide range

of

approaches accomplishing different

degrees of success and automation, some trying to solve

the broad problem of brain MR segmentation [1,2], and
others concerned with specific applications [3,4]. In
general, however, there appear to be certain well-defined
tendencies in order to provide an accurate and robust
segmentation:

1. Initial data reduction

step allowing the system to
focus on certain relevant features. It can be modeldriven and is normally accomplished by a series of
local or global image processing operations.

2. Explicit or implicit incorporation of a priori
information regarding the objects of interest and their
specific structural relationships. Model-based
approaches implicitly integrate this knowledge into
the model, whereas non model-based approaches use
such knowledge to select or design the sequence of
processing steps.

3.

Use of pyramidal or hierarchical structures to express
object / sub-object relationships.

Most of the available brain MR segmentation systems
conform to the diagram in Fig. 1. Moreover, it can be said
that the solution to the brain MR segmentation problem
requires the interaction between low level, data driven
processes, with higher level knowledge of expectations
and/or applications. A segmentation system that utilises
multiple image attributes and high level information is,
therefore, more likely to produce better results and be
flexible enough to accommodate for different tasks with a
relatively small amount of modifications. These are the
objectives of the approach presented in this paper.

Fig

1.

General diagram of a brain MR segmentation
system

HIERARCHICAL REGION-BASED SEGMENTATION

Medical image objects consist of primitive regions
characterised both by spatial and intensity structure, and
by semantic constraints understood by image analysts,
including physicians and dosimetrists. This is particularly
true in the case of the brain where various tissue types,
complex structures and subsystems can be identified. It is
these primitive regions and their properties that are the

of our hierarchical region-based segmentation
system. Region-based processing has the advantage of
being less sensitive to noise than boundary-based
processing and less time consuming than pixel-based
processing. It also allows for the integration of a priori
knowledge in the form of constraints to be imposed in the
regions and their grouping.
Fig.2 presents the block diagram of our segmentation
system. The Global Pre-segmentation (GPS) described in
[5] constitutes a data reduction step that isolates the brain
from the rest of the image. Being able to isolate the brain
not only has the great advantage of reducing the amount
of data to consider, but it is also a fundamental step to be
focus

carried out before any further classification or

characterisation in order to reduce computation time and
complexity. Our brain model considers the brain on a MR
image to consist of a relatively uniform white matter
background on which a series of segmentation objects
with a different intensity have been superimposed. As the
regions forming these segmentation objects are not
known beforehand, they are initially approximated by the
Region Specification or Local Pre-segmentation (LPS).
This procedure results in a set of anatomically relevant

regions from which features can be more reliably
extracted. A series of pixel, boundary and region based
features are obtained for each region during the Feature
Extraction step. These are then used in the Constrained
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Region Aggregation (CRA) algorithm, which considers a
series of constraints before deciding upon the
membership of a region to a certain segmentation object

or to a surrounding region. The CRA algorithm is an
iterative process that results in a hierarchy of
progressively refined segmentations. This refinement also

implies a recalculation of features as shown by the
feedback loop in Fig.2.

segmentation process was required only in about 30Vo of
the total number of slices, increasing the total processing
time by up to one hour. This results compare favourably
with the average time needed by an expert to carry out
similar segmentations on a purely manual basis.

Moreover, our system can be easily adapted to isolate
specific regions of interest such as ventricular CSF, and
the regional properties obtained at each refinement stage
are available for any further detailed analvsis.

Sesmentation
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Fig 3. Segrnentation output hierarchy. (a) Original
image. (b) GPS level. (c) Final WM, GM and CSF
displayed as high, medium and low intensity.
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We have presented an approach to segmenting brain
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Block diagram of proposed segmentation system.

The constraints employed by the CRA algorithm are

considered to be the relations describing the intrinsic
attributes of each segmentation object and its confbrming
regions, as well as its relationship to other segmentation
objects or regions in the image. The use of constraints
allows for a direct and easy integration ol a priori
knowledge in order to restrict and direct the segrnentation
to the correct interpretation of each region in the image.
Initially, only constraints for grey matter (GM), white
matter (WM) and cerebrospinal fluid (CSF) have been
defined.

RESULTS AND DISCUSSION

defined constraints. Some of the levels in the resulting
segmentation hierarchy can be directly used in various
clinical applications. Specifically, the GPS level (Fig.
3.(a)) can be employed to estimate the total brain volume,
as well as for 3-D visualisation of the brain. The final

GM, WM and CSF segmentation (Fig. 3.(c)) is also
useful for volumetric measurements. Another application
of our system has been to provide the 3-D co-ordinates
needed for a computer simulation of tumour growth [6].

A total of six 3-D data sets consisting otr 124 T1of dimension 256x256 taken in the

weighted slices

coronal plane have been used for testing our system. On
average, the time taken for the global pre-segmentation of
a complete data set on a Silicon Graphics Indigo UNIX
workstation is one hour. Generation of the GM. WM and
CSF segmentation hierarchy takes another sixty minutes.
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to correct for errors in

highly flexible allowing for modifications and extensions,
particularly in the feature extraction and CRA algorithm.
Quantitative evaluation of the segmentation results, as
well as optimisation of the image processing operations
and the usage of 3-D region adjacency and connectivity,
are being contemplated as part of our future work.
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