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Frequency Scanning Interferometry Absolute Distance Measurement
Method Based on Optical Spectrum Calibration

Shang Yue, Wu Tengfei , Lin Jiarui, Yang Linghui, Zhou Qiang, Zhu Jigui
State Key Laboratory of Precision Measurement Technology and Instruments, Tianjin University,
Tiangjin 300072, China

Abstract  With high precision and sensitivity, frequency scanning interferometry ( FSI) absolute distance
measurement technique is getting more and more attention in the field of large-scale equipment manufacturing.
Building an optical fiber auxiliary interferometer in an FSI system to realize the precise monitoring of optical
frequency changes is necessary for achieving higher ranging accuracy. However, the stability of optical path of the
auxiliary interferometer is limited by the environmental factors and dispersion effect, which would reduce the
accuracy seriously. An optical spectrum calibration based FSI absolute distance measurement method is proposed in
this paper for this problem. The optical path of the auxiliary interferometer in the FSI system is calibrated in situ
with the help of the absorption spectrum of hydrogen cyanide (HCN) to provide stable and accurate optical
frequency reference. What’ s more, a fast compensation method for dispersion mismatch error is proposed to
eliminate the influence of dispersion mismatch effect caused by the fiber optic assisted interferometer on
measurement results. The proposed method is verified by comparison experiments with commercial interferometer
at a range of 20 m. The result shows that the largest ranging deviation of the system is less than 50 pum, and the
repeatability is better than =4 pm.
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TL: turnable laser;
| FC: fiber coupler;
PD: photo detector;

MR: mirror;
| CIR: circulator;
COL: collimator;
OPD: optical path difference

Bl 1 TRl B T R FSTER R 58

Fig. 1 FSI ranging system based on fiber auxiliary interferometer
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Fig. 2 Influence of temperature variation on distance

measurement accuracy of FSI system
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Fig. 3 Influence of dispersion mismatch on distance measurement accuracy. (a) Phase residual for

different distance; (b) measurement error for different distance
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Fig. 8 Absorption spectrum calibration based on optical frequency comb. (a) Absorption signal after resampling;

(b) heterodyne signal after resampling; (c) fitting curve of absorption spectrum

F 1 bR E I 2k ' 45 ) B
Table 1 Calibrated optical frequency interval between absorption lines
Standard Standard
Branch Mean value /THz Branch Mean value /THz
deviation /MHz deviation /MHz

R22 — — R9 0. 8685 89.05
R21 0. 0590 74.82 R8 0.9443 90. 77
R20 0.1193 82.51 R7 1.0215 88. 44
R19 0. 1809 89.47 R6 1. 0999 86.95
R18 0.2438 90. 02 R5 1.1796 87.73
R17 0. 3080 90. 20 R4 1. 2606 90. 67
R16 0. 3736 88.56 R3 1. 3428 85.62
R15 0. 4404 91. 81 R2 1. 4264 89. 50
R14 0. 5085 88. 05 R1 1.5112 93. 85
R13 0.5779 88.70 RO 1.5973 87.01
R12 0. 6486 85.46 P1 1.7733 119. 33
R11 0. 7206 89. 20 P2 1. 8632 116. 11
R10 0.7939 89.41
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Fig. 9 Results of verification experiment. (a) Variations of temperature and OPD with time; (b) distance measurement

results before and after calibration
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Fig. 10 Schematics of accuracy comparison experiment
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