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Abstract: Digital image processing and computer graphics have become very important for present day medical
applications. Medical imaging methods such as computer tomography (CT) and magnetic resonance (MR)

gray matter, white matter, and CSF. In addition, the skull can
be approximated and also segmented in some regions of the
head. IARD algorithm is presented in figure I and has the

following steps:

imaging are capable of producing accurate three-dimensional (3-D) images of different organs and tissues. For
3-D presentation the images must be segmented, i.e., different tissues are detected and classified. This document
describes segmentation methods for MR images of the
brain developed in RGVTUT.

INTRODUCTION

In medical brain imaging, it is essential to detect different tissues of the brain, such as grey matter, white matter,
and cerebrospinal fluids (CSF). The tissues can be classified
by different intensities on the image and by utilizing pattern
recognition methods, e.g., A human can easily identify the
tissues by applying visual pattern recognition mechanisms
of the eye and brain [3,4]. Due to the complexity and variable anatomy of the brain, the computer cannot automati-

cally segment brain images in such way that the result
would be absolutely reliable. Therefore semi-automatic

se.q-

mentation procedures are recommended.
In order to recognrze the skull reliably, the use of CT
images rather than MR images is recommended. Unfortunately, these two scans are not always available from the
same subject. Because MR images contains all other information required for the se-qmentation, there should also be a
way fbr detecting the skull in MR scans. Due to the properties of MR devices, the skull is very difficult to detect in MR
images, because both the bone tissue and fluids usually
appear black. Therefore it is difficult to visually separate the
skull and the cerebrospinal f'luid (CSF) located between the
brain and the skull. In spite of that, an approximation algorithm was developed to se-ement the skull.

METHODS AND MATERIALS
There were three T I -weighted MRI sets of the brain
available during this study. Furthermore, each set consisted

of

100 slices (each 2mm

thick, l6 bit,250x250 pixel

images). The images were produced using General Electric
0.5 T MR device.

Segmentation was implemented combining four different methods: image enhancement, amplitude segmentation,
region growing, and decision trees (IARD)[], and can be
classified as a volume segmentation method. It was imple-

mented primarily to segment the brain, but can also be
applied in any segmentation procedures, such as in the segmentation of the human thorax [2]. Furthermore, IARD is
capable of segmenting various tissues of the head: the scalp,

Figure

l.

Steps in

IARD segmentation method.

1. The input image is first low-pass filtered in order to correct for the high frequency errors on the image. Step I is not
essential, but makes further segmentation easier.
2. After step l, the filtered image is amplitude segmented
three times, and the results are stored as three independent

bitmaps which represent the scalp, gray matter, and white
matter of the brain (Fig. 2). Thereafter, different tissues
appear to intersect in their intensities. E.g., the scalp is visible in all three images (2ABC) though it should be visible
only in image 24. This type of problem is solved in step 3.
3. The region growing segmentation method is applied in a
process for solving the intensity intersection problem, and
also to detect additional tissues in the three images (Fig.
2ABC). The image of the scalp (Fig. 2A) is modified using
region growing in such way that the black region between
the brain and the scalp is first filled with a color representing
the skull, thereafter the region inside the skull is filled with
black. Then, the black region inside the skull is filled with a
color representing the CSF. This is actually all that needs to
be accomplished with RG in order to detect the scalp, skull
and CSF.

4. Decision trees are applied in order to combine images.
Images 28 and 2C are copied on top of image 2A pixel-bypixel using the following rule: pixel representing the gray
matter may only be copied on top of a pixel representing the
CSF. Furthermore, pixel representing the white matter may
be only copied on top of a pixel representing the gray matter.

The outer surface of the skull is easy to detect due to
great intensity differences between the scalp and skull. On
the other hand, the inside of the skull is extremely difficult
to detect because bone tissue and CSF appear similar in
intensity. The information that there is usually fiom 2 to 6
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millimeters CSF between the brain and the skull was utilized as a condition. The intensity of the brain tissue
decreases quite slowly in the edges of the cortex. Therefore it was realized that the brain tissue on the scalp-segmented images (Fig. 2A) appears slightly larger than in
cortex-segmented images (Fig. 28) due to different threshold coefficients; the interior of the skull is approximated
quite realistically by using the edges of the cortex region

in scalp-segmented images.

ffi

DISCUSSION

IARD consists of some automatic, semi-;rutomzrtic, and
manual implementations, which can be used in various situations depending on the properties of the irna,ees. For
example, when transverse slices are used, the re-gion
between the spinal cord and cerebellum is extremely difficult to segment, and manual segmentation procedures are
recommended. The re-eion between cerebrum and lower
part of the thalamus is quite elrsy to seglnent und semiautomatic procedures can be applied. Furtherrnore, the
region above thalamus is very easy to segrnent and can be
implemented fully automaticzrlly. When sa-sittal or ll'ontal
slices are used, the entire segnlenteltion is easy to carry
out.

[

]

The segmented skull is an approximation of the real
skull and is not anatomically accurate. However, it rnodels
the real skull quite well (Fig. 3B). If the thrcshold coefficient o1'the scalp is set too bright, thcre will be peaks
inside the skull which is not arnatomically possible. Thcrcfclre, it is important to obtain the best possible tlrre shclld
coefficients.

The implemented se-ql'nentation al-uorithnr has been
proven to be efficient, and can be applicd generally to sc-qment arbitrary images. On the other hand, it opcratcs best

with Tl-weighted MR images o1'thc brain. Most ol'the

Tl sliccs, but
some T2-weighted images were also studied. This test
demonstrated that the anatorny o1'thc brain is easier tct
detect fi'om Tl images. However, segrnentartion can still be
applied with T2 images in order to detect various details of
the brain such as particular gan-elia. I l |
The segmentation software was dcveloped to produce
anatomical data to the computer model of the brain dcveloped in RGVTUT [5,6]. Furthermorc, the soltwarc ciin be
utilized, for example, in radiological applications.
testings were irnplemented using horizontal

Figure 2. Three amplitude segmented images of the brarn
representing (A) scalp, (B) cortex, and (C) white matter.
RESULTS

An example of the results is given in Fi-e. 3A in which
the scalp, skull, CSF, gray-matter, and white matter are
sesmented.
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scalp, the skull, CSF, and the gray and white matter of the
brain is classified. 3-D presentations of (B) the skull, (C)
white matter, and (D) cortex.

234

Medical & Biological Engineering & Computing Vol. 34, Supplement 1, Part 1, 1996
The 1Oth Nordic-Baltic Conference on Biomedical Engineering, June 9-13, 1996, Tampere, Finland

