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Compensation of measurement error due to the positional misalignment of
the cone-shaped mirror in the measurement of an inner surface profile of a

pipe by phase-shifting digital holography

Toru ADACHI and Masayuki YOKOTA
Department of Electronic and Control Systems Engineering, Faculty of Science and Engineering, Shimane

University, 1060 Nishikawatsu-cho, Matsue 690-8504, Japan



synopsis

Phase-shifting digital holography is applied to a surface profilometry of an inner surface of a pipe. For the
surface contouring of the inner wall, two wavelength method using an injection-current induced wavelength
change of a laser diode is used. To illuminate the inner wall of the pipe, a cone-shaped mirror is set inside
the pipe. A compensation method using a calculated optical path length in the experimental alignment is
used to evaluate the inner shape of the pipe. The effectiveness of the compensation method has been
experimentally investigated by shifting the cone-shaped mirror from the center of the pipe. To demonstrate
an inspection of the pipe inner wall, the proposed method has been applied to detection of two seals pasted
on the inner wall. Three-dimensional profile of the seals on the inner wall of the pipe can be evaluated

using a simple image processing.

Key words: inner surface profile, phase-shifting, digital holography, two wavelength method, optical

path length
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Fig. 1 Experimental setup. LD, laser diode; CCD, charge coupled device; BS, beam splitter; OSA,
optical spectrum analyzer; PC, personal computer.

Fig. 2 Principle of surface shape measurement by dual wavelength phase-shifting digital holography.
Fig. 3 Surface profile of an inner surface of the pipe: (a) Ax = 0.0 mm, (b) 0.1 mm and (c¢) 0.3 mm.

Fig. 4 Cross sections of height distribution /a«(X, Y) at (a) Y = 150 and (b) X = 150 pixels in Fig. 3.
Fig. 5 Location of the cone shaped mirror inside the pipe and an optical path length L(m, n) from the
observation plane to the inner surface of the pipe.

Fig. 6 Three-dimensional map of (a) height distribution % 1(m, n) and (b) calculated optical path length
Lo.1(m, n) for Ax =0.1 mm.

Fig. 7 Cross sections of optical path length Lo 1(m, n) and inner surface shape ho.1(m, n) at (a) Y = 150
and (b) X = 150 pixels in Fig. 6.

Fig. 8 Difference between calculated optical path length Lo 1(m, n) and experimental height profile
ho.1(m, n): (a) 2D display, (b) and (c¢) cross sections at Y = 150 and X = 150 pixels, respectively.

Fig. 9 Two-dimensional map for (a) Aho.1(m, n) = ho.1(m, n) - ho(m, n) and (b) Aho.1 (m, n) = ho.1’(m, n)
- ho(m, n), respectively.

Fig. 10 Height profile of the detected seals of different size pasted on the inner wall of the pipe.

Fig. 11 Transformation of the circular image into a rectangular one.

Fig. 12 Transformed surface shape of Fig. 10: (a) 2D display, (b), (c) cross sections at X =12, 34 mm and Y
=1, 3 mm, respectively.

Table 1 Standard deviation o of Ahg.1(m, n) and Aho.1’ (m, n).

Table 2 Size of Seal 1 and 2
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Fig. 1 Experimental setup. LD, laser diode; CCD, charge coupled device;

BS, beam splitter; OSA, optical spectrum analyzer; PC, personal computer.
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Fig. 2 Principle of surface shape measurement by dual wavelength phase-shifting
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Fig. 3 Surface profile of an inner surface of the pipe: (a) Ax = 0.0 mm, (b) 0.1

mm and (¢) 0.3 mm.
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Fig. 4 Cross sections of height distribution /a.(X, Y) at (a) Y = 150 and (b) X = 150 pixels in Fig. 3.
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Fig. 5 Location of the cone shaped mirror inside the pipe and an optical path

length L(m, n) from the observation plane to the inner surface of the pipe.
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21



Height (mm)

——hy,(m, n)
0.1 0af T +Loqlm, 1)
€
g/ -
<
0 o O
2 WI
I
-0.1 0.1
Y = 150 pixels X =150 pixels
0 1(I)0 2(I)0 300 0 1(IJO 260 300
X (% 36.3 um) Y (% 36.3 um)
(a) (b)

Fig. 7 Cross sections of optical path length Lo 1(m, n) and inner surface shape ho.1(m, n)

at (a) Y =150 and (b) X = 150 pixels in Fig. 6.
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Fig. 8 Difference between calculated optical path length Lo 1(m, n) and experimental height profile
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Table 1 Standard deviation o for Aho.1(m, n) and Aho1’ (m, n).

o (mm)
Ax (mm)
Before After
0.10 0.058 0.021
0.30 0.183 0.044
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Fig. 10 Height profile of the detected seals of different size pasted on the inner

wall of the pipe.
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Fig. 12 Transformed surface shape of Fig. 10: (a) 2D display, (b), (c) cross sections at

X =12,34 mm and Y = 1, 3 mm, respectively.
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Table 2 Sizes of Seals 1 and 2

Seal 1 Seal 2

Original Evaluated Original Evaluated

Width (mm) 1.76 1.79 1.7 1.85
Length (mm) 9.43 10.16 9.32 9.53
Thickness (mm) 0.157 0.183 0.078 0.098
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