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Abstract : MR imaging is an important method for the diagnosis of diseases caused by various cerebral
pathologies. Assessment of the volume reduction such as cerebral atrophy, SDAT (Senile Dementia of Alzheimer
Type) and OPCA (Olivopontocerebellar atrophy) is very important in clinical practice. However, the assessment
of the atrophy used to be performed by manual measurement or visual evaluation. Therefore, in order to diagnose
by quantitative assessment, it is desirable to measure the regional volume automatically. In this study, we
investigated an automated segmentation method of cerebellum and brainstem on MR images using morphological
information. An automated method was consisted of the following three steps : (1) segmentation of the brain on
MR images (2) segmentation of the cerebellum and brainstem on the brain images using mathematical
morphology (3) correction of errors on the segmented images using 3-D information. The results indicated that
the regions obtained by automated segmentation method were visually similar to those by manual method. An
average of the rate of correctly recognized regions is over 70%. However, an average of the rate of unrecognized
regions is over 10%. If segmentation accuracy is improved moreover, our method may provide the quantitative
diagnostic information.
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3D Information

Fig.1  Overall scheme of all steps of cerebellum and

brainstem segmentation
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#® 1% > — % ~ A :SE (TR:500[msec]/TE : 8
[msec]), slice thickness:2.0[mm], gap:0.0[mm],
FOV : 200mm, acquisition matrix : 256X 128, image
matrix : 256 X256, NEX: 1, #{EWE | TEARUF. 1)
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1. Dilation :

Dy —
= max
f g (01, 11)€G,

(x-x1,y-%)eF

{(flr—m,y-3)+gx, ¥}

2. Erosion :

o .

fég = _min

g (1, y1)€G,
(X+x, y+3)EF

{(fa+x,y+y)-gx, y,))

3. Opening :
fog={f(x,y)ogn,y)ogx,y,)

4. Closing :
feg={flx,y)®g(n,y)}0g(x,¥,)
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FORRFAVERABH Y, Closing 13, YINAREEFD
BOAHERD B 5 [13].
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r Region Growing

Fig. 2

Flowchart for the segmentation of cerebellum
and brainstem on brain images
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Fig. 3

Seed of the cerebellum

Images in the steps of the segmentation of the cerebellum. (a) The brain segmented image (b) The all seed

image, (c) The cerebellum seed image, (d) The cerebellum segmented imgae
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5). #ZC, Image(n-1)

/Image (n):A/Image (n71)/1mage (n—2)/
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| Dilation: B | Dilation: G _|
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l Segmentation }

Flowchart of the correction using 3-D
anatomical information for the error of the
automated segmentation

Fig. 4
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Wt LT 3x3 (5 BH 8 1),
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EWHEF Fig. 6 (2777, Dilation WL L 72 W% % &
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El Correctly Segmented Region
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g Dilated Region of Segmented Region

Correction using 3-D anatomical information for
the error of the automated segmentation

Fig. 5
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CRRI[%] = (AnM)/ (AUM) x 100
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URI[%] = (M—AnM)/(AUM) x 100

IEFAES] 3 & OV R FAEH 122V T CRR,WRR,UR

DB & R T R 72,

(a) (b)

Fig.6  Structural elements for dilation processing, (a)
The structural element for the image(n-1), (b)
The structural element for the image (n-2)
(a)
(b)
Fig. 7
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Results of the segmentation of the cerebellum and brainstem in a normal patient. (a) Results of the

segmentation using automated segmentation method. (b) Results of the segmentation by radiologist's manual

tracing.
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