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Ultra Precision Displacement Measuring System
Using the Detection of Fringe Peak Movement

Jong Hoon Yi*, Soo Hyun Kim**, and Yoon Keun Kwak**

ABSTRACT

This paper proposes a precision displacement measuring method of detecting fringe movement of interferograms

with a nanometric resolution. It is well known that the laser interferometer plays a useful and essential role in scientific

and industrial application, but they have such error sources as an unequal gain of detectors, imbalanced beams, and lack

of quadrature. These error sources degrade the accuracy of the interferometer. However, the fringe movement of

interferograms has little relation with these error sources. In order to investigate performance of the proposed method,

analysis and simulation were executed over random noise and wavefront distortion. Results of the simulation show that

the proposed method is robust against these errors. Experiment was implemented to verify this method.
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Table 1 Coefficients for equation (14)
m 1 2 3 4 5 6 7

b, 4 20 8 200 100 28 560
b, 1 7 377 39 1 221
by 6 -10 -2 30 -10 -2 -30
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Table 2 The error for fringe peak detection with random
noise (I; = round [ 100 + 100 cos(2n/Period) (y;-
Ypeak J+00ise], -0.5 < y,.q< 0.5), noise : random
noise (0-5 gray values)

Number of pixels (2m+1)

Period 3 5 7 9 11 13 15
9 0.020 0.023 0.051 0.101 0.164 0.297 0.688
15 0.057 0.020 0.021 0.031 0.047 0.069 0.105
21 0.126 0.038 0.024 0.022 0.025 0.034 0.045
27 — 0.062 0.035 0.026 0.022 0.024 0.028
33 — 0.095 0.051 0.035 0.028 0.024 0.025
39 — 0.142 0.071 0.048 0.037 0.029 0.027
45 — 0.183 0.094 0.066 0.047 0.037 0.031
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