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A Method for Detection of Inherent Shape Type and Size of
Figures Based on Multi-scale Image Analysis

HiDEKATA HONTANIt and KOICHIRO DEGUCHIt

We propose a method for detection of shapes and sizes of figures in an image. We use
the multi-scale analysis to detect local structures in an image. The proposed method blurs
an image by Gaussian filters. As the scale of the filter changes, the principal curvatures of
the image gray-level profile change. To characterize their changes, we introduce the principal
curvature plane, whose two coordinates are two respective principal curvatures. In this plane,
the phase angle corresponds to the local shape-type of the image profile, and its distance from
the origin shows the sharpness of the profile. For every scale, two principal curvatures of the
local profiles are calculated, and corresponding points are plotted to the plane. As the scale
changes, the corresponding point moves. By tracing the movement, we obtain scales at which
the shape of the local profile becomes the sharpest. This selected scale indicates the size of
the local structure, and the ratio of the two principal curvatures at the selected scale indicates
the shape-type of the structure.
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Fig. 1 Local and global structures in an image.
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Fig. 2 The change of an image with respect to the blurring

scale. Right column shows their gray-level profile.
The image size is 120 x 80. The scale £ are 0, 20,
and 100, respectively, from left to right.
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Fig. 4 The change of the normalized principal curvatures

of the image gray-level profile at the center of the
figure “H” shown in Fig. 2.
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Fig. 5 Classification of the shape-type of a local image
gray-level profile on the principal curvature plane.
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Fig. 6 Example of scale selection. (left) The blurred im-
ages with the scale values t = 0,100, and 500. The
line in the bottom original image indicates the po-
sition of the section of the scale-space, which is
shown in the right diagram. The edge positions in
the original image are shown with arrows.
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Fig. 8 Example of extracted feature points. (left) A sec-
tion of the scale-space. (right) Feature points pro-
jected on the given image.
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Fig. 10 The extracted feature points. (left) All fea-

ture points. (middle) Ridge-type points. (right)
Umbilic-type points.
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Fig. 11 The selected scales at the umbilic feature points.
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Fig. 12 (top row)The original and blurred images. The
scale t = 0,20,60, and 200. (bottom row)
Extracted shape representational points at each

scales. The image size is 190 x 180.
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Fig. 13 (left) Extracted feature points. (middle) Feature

ddle) Feature
points which have smaller scales than the circle
shown in the bottom right. (right) Feature points
which have larger scales.
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Fig. 14 (left) The original image. (middle) The extracted
umbilic-type feature points. The selected scales
at each points are shown with the circles. (right)
The extracted ridge-type points.
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