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Depth Measurement of Materials Attached to
Cylinder Using Line Laser

Yongha Khnh Kwangjin Koﬂ} Sungho Yeon”T,Jaenﬁn Kim""

ABSTRACT

Tt

Line-laser beams are used for accurate measurement of 3D shape, which is robust to external
illumination. For depth measurement, we project a line-laser beam across an object from the face and
take an image of the beam on the object surface using a CCD camera at some angle with respect to
the face. For shape measurement, we project parallel line-laser beams with narrow line to line distance.
When a layer of thin materials attached to a cylinder is long narrow along its circumference, we can
measure the shape of the layer with a small number of parallel line beams if we project line beams
along the circumference of the cylinder. Measurement of the depth of the attached materials on a line-laser
beam is based on the number of pixels between an imaginary line along the imaginary cylinder without
the attached materials and the beam line along the materials attached to the cylinder. For this we need
to localize the imaginary line in the captured image. In this paper, we model the shape of the line as
an ellipse and localize the line with least square estimate. The proposed method results in smaller error
(maximum 0.24mm) than a popular 3D depth camera (maximum Ilmm).
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(a) (b)

Fig. 1. Laser—based vision system proposed by W,
Huang and R, Kovacevic [2]. (a) setup for sys—
tem, and (b) depth measurement,

A :10 px, 3.8 mm
B:18 px, x mm

From A
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Fig. 3. Experiment environment and the shape with different 6. (a) Environment, (b) 8 =0°, (c) § =30°, and (d) 0 =

70°,
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| Background subtraction |
]
| Binarization for beam line extraction |
i
| Filtering of beam line region |
i
| Thinning of beam line region |
!
Separation of line into two parts: parts on
object and cylinder
i
Estimation of imaginary line
along imaginary cylinder

Estimation of distance
between line on object and line on cylinder

Fig. 4. The overall block diagram,
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Fig. 5. Concept of the Polygon—mirror and result images according to the rotation, (a) various positions of laser
pointer according to the polygon—mirror’ s rotation,

the Polygon—mirror’ s rotating.

(b) when the Polygon—mirror’

s stopped, and (c) when
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Fig. 7. Majority filter's input and output image (in case of 3X3 window), (a) Majority filter’s input

Majority filter’s output image.
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Fig. 6. Detection of a line laser beam in the captured image. (a) Background,

(b) Foreground, (c) Difference, and
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Fig. 8. Different curvatures at two sides and smoothing the side with larger curvature, (a) majority filtered image,
(b) different curvatures, and (c) curvature regularization,
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(a) (b)

(c) (d)

(g)

Fig. 10. Step by step procedure to find optimized ellipse. (a) foreground, (b) binarization, (c) filtering and thinning,
(d) separation of line into two parts,(e) initial oval, (f) optimized oval, and (g) optimized, object points
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