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Vibratory Image Feature Extraction
Based on Local Log-Polar Symmetry

HIDEKATA HONTANI, 1 JUN SHIBATA,?2 AKIRA KIMACHI!3
and SHIGERU ANDOT4

We propose a feature extraction method for a newly developed vibratory image sensor. The
proposed method extracts the local log-polar symmetry as an image feature. The principle is
as follows: the periodic vibration of the image sensor modulates radial and angular compo-
nents of local image pattern into separated temporal frequency components of incident light
on a pixel. The comb type filters after the photo-detector decompose each component and
accumulate their power in a frame time. They are read out to calculated unevenness between
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them as the symmetricity features.

Simulations show that the extracted local symmetry

corresponds with the edge, corner, ridge, and other characteristic points of an image.
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Fig.1 Examples of image feature points. The z-y plane
corresponds to an image plane, and the z axis rep-
resents the image value. The edge, corner and the
maximal point are shown.
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Fig.2 Examples of level curves of the locally symmetrical

images. Left: Rotational symmetry. Right: Scale
symmetry. Rotational symmetric image has con-
centric circles as level curves, and scale symmetric

image has radial lines as level curves.
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Fig.3 Examples of locally symmetric log-polar images.

Bottom:

Corresponding log-polar images I(p,0). Left two

Top: Locally symmetric images I(z,y).

examples show locally rotation symmetric images,

and right two scale symmetric ones.
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Fig.4 Examples of the orbit of a photo detector. Left:
M =3, N =4. Right: M =13, N =11.
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Fig.5 The modulation of the local symmetry. Left: Ro-

tational symmetry. Right: Scale symmetry. Top:
The orbit of a photo detector on the image plane z-
y. Bottom: The orbit on the log-polar image plane
p-0, and the corresponding output signal s(¢t). The
period of s(t) is T/M and T /N, respectively.
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Fig.6 The velocity of the photo detector.
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Fig.7 The structure after a photo detector of the pro-

posed image sensor. The output signal represents
the value of Eq.(27) or (28). Two different comb
type filters are needed for each pixel to obtain Ppot
and Py].
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tector. Bottom left: Output signal s(¢). Bottom
right: Spectrum §(7).
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Fig.9 Simulation result for a synthetic image. Top left:
Original image. Top right: Orbit of the photo de-
tector. Bottom left: Output signal s(t). Bottom
right: Spectrum §(7).
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Fig.13 Simulation result. Top: The original image. Bot-
tom left: Local rotation symmetry Ppo¢. Bottom
right: Local scale symmetry Py.
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Original image. Top right: Orbit of the photo de-
tector. Bottom left: Output signal s(t). Bottom
right: Spectrum 5(z).
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