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Three-dimensional Measurement System
Using a Cylindrical Mirror

YUuuKl URANISHI,* MIKA NAGANAWA," YOSHIHIRO YASUMURO,*
MASATAKA IMURA," YOSHITSUGU MANABE! and KUNIHIRO CHIHARA'

This paper proposes a three-dimensional measurement system with a simple structured
system. The proposed system consists of a camera with a fish-eye lens and a cylinder whose
inside is coated by a silver reflective layer. A target object is placed inside the cylinder and
an image is captured by the camera from right above. The captured image includes sets of
points that are observed from multiple viewpoints: one is observed directly, and the other
is observed via the mirror. Therefore, the whole shape of the object can be measured using
stereo vision in a single shot. An actual experimental situation was simulated and the three-
dimensional shape of the target object was measured using the simulated image. In addition,
a prototype system was implemented and the shape of the real objects were measured. The
results have demonstrated that the proposed method is effective for measuring the whole
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three-dimensional shape.
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Fig.1 An overview of the proposed system.
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Directly Shoot Image
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(a) Setting a circular cone on the center of the cylinder
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(b) Setting a circular cone off the center of the cylinder
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Fig.2 An image captured by the proposed system

in case of setting a circular cone.
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Real Camera Virtual Cameras
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Fig.3 Estimating the position of virtual cameras.
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Fig.4 An example of the captured image
in a polar coordinate system.
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Fig.5 Search areas for corresponding points.
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(a) A true shape
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Fig.6 An experimental result using the simulated image

(b) 0OOD
(b) An estimated shape

in case of setting the cone.
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Fig.7 A scatter plot of the distance from

the center of the cone versus the height.
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(b) An estimated shape
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(a) A true shape
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Fig.8 An experimental result using the simulated image

in case of setting the triangular pyramid.
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Fig.9 A prototype system.
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Fig. 10 An image captured by the prototype system
in case of setting the actual circular cone.
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Fig.11 An experimental result using the prototype
system.
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