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ABSTRACT
Whole brain segmentation from MR image is a key process toward higher level processing required by
computerized Alzheimer's diagnosis. Delineated structures serve as the domain for subsequent hippocampus and
other tissue segmentation. This paper proposed a robust method which involves less intervention from the user,
compared to the conventional 2D geometric fignre, based on a Level Set. Both methods were benchrnarked on the
TI MR images obtained from the Alzheimer's disease Neuroimaging Initiative (ADNI) database. The experimental
results reported herein indicated that the proposed method can extract the whole brain structure more accurately than
its counterpart.
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1. Introduction
Alzheimer's disease (AD) is a degenerative disease which causes the brain to gradually shrink and later
incapacitated. AD affects almost 50% of those over the age of 85 and as such is a top ten leading cause of death.
Current diagnosis of Alzheimer's disease is carried out by clinical, neuropsychological, and! or neuroimaging
assessments. Magnetic Resonance (MR) has been considered a preferred neuroimaging modality for examining
the AD as it enables accurate assessment of relevant organs such as hippocampus and related peripherals [I].

More recently, some previous researches have been successfully determining the prognostic outcomes of AD from
MR images. Their methods involve interpreting spatial information derived from pixels intensities [2-3]. [2], for
example, proposed an ad-hoc scheme for segmenting the whole brain structure based on mathematical morphology.
In their work, assumptions on the geometric fignres and their gross dimensions needed to be specified based on
anatomical a priori. These assumptions are highly view dependent and maybe unable to remove spurious objects
completely. Another pixel based method was proposed in [3], which segmented the brain structure by an adaptive
thresholding. Alternatively, without extracting any object, [4] transformed the entire axial images using 2D Gabor
Wavelet whose coefficient were used to classify the disease.

Similar to [I], this paper focus on extracting anatomical domain, i.e., the whole brain based on a Level Set method
[5]. Unlike the "2D geometric method", the Level Set (LS) method did not require exact anatomical geometry of the
brain except that on its connectivity. Moreover, it is more robust against noise and tonal variations, compared to a
generic pixel based threholding [3] and against subjects and scans variability, compared to global brain classification
[4].

This paper is organized as follows. The segmentation methods are presented in Section 2. Section 3 reports the
analytical results of segmented whole brain structure. Conclusions and future works are given in Section 4.

2. Segmentation Methods

2.1 2D Geometric Method
Following [1], a set of geometric object were estimated from a sagital brain scan using gross anatomical data [1].
Once the rough brain outlines (Fig. l(a)) were extracted the double thresholding followed by morphological opening
were applied (Fig l(b)). The binary mask was then overlaid on the original image from which a disk filter was
applied to further remove noise and spurious structures (Fig. 1(c)).
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Figure 1. An example of a brain segmentationby using 2D GeometricMethod

2.2 Level Set Method
The Level Set (LS) method is a numerical analysis of shapes as a projection of the embedding surface in higher
dimension, introduced by Osner and Sethian [5]. This paper followed the implementation by [7]. As a preparation,
Otsu thresholding [6] followed by morphological opening was applied on the brain image. Based on these
segmented regions, a respective 3D surface was reconstructed and propagated by using LS method [7], to extract the
region of interest from its level set, as shown in Fignre 2 (a-c).

Figure 2. Example of a brain segmentationusing Level Set method

3. Experimental Results
This paper assessed both these methods on 256 256 pixels Tl MRI from the ADNI (http://adni.loni.usc.edu/)
database. The experiment was divided into 2 parts. The first part involved segmenting the brain images following [I]
while the latter did so using the LS method. The compared results are presented in Table I.

Table I. Comparing 2D Geometric Against Lsm

ID

002 S 0295

002 S 0938
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It is clear from the second column that the 2D geometric figure failed in segmenting a whole brain image, incorrectly
dividing it into separated regions. This was probably due to the improper use of double threholding on MRI with
ramp offset (gradual tonal variation). Likewise, in few cases, the hippocampus was wrongly discarded. On the other
hand, irrelevant objects (spurious structures) remained present as it was enclosed by the presumed geometry. This
highlights the pitfall of ad-hoc anatomical geometry which does not necessarily reflect the in vivo samples.

Conclusions and Future Works
This paper proposed a Level Set based robust brain segmentation. The segmented region was represented by its level
set of evolving surface. The experimental results showed that both methods could segment brain. Upon closer visual
inspection, however, compared with conventional 2D geometric figure, our proposed method was able to provide
more realistic brain segmentation, whose region was singly connected, without artifacts void or any irrelevant
objects. Unlike its counterpart, our method could preserve the hippocampus structures which are crucial for the
subsequent AD analysis. Once the whole brain image was accurately extracted from MRI, our future research
interests include classifying the segmented brains and enclosed structures. The model is expected to serve as a
preliminary indicator for determining symptomatic from asymptomatic AD in an actual scans.
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