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Fig. 1. Schematic of the pulse cross-correlation ranging
principle. OFC, optical frequency comb; BS, beam splitter;
M,, reference mirror; M, zero position mirror; M, target

mirror; PD, photodetector; Scope, oscilloscope.
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Fig. 3. Influence of frequency comb repetition rate on transmission spectrum: (a) Ideal transmission spectrum; (c) the transmission
spectrum at f, = 250.001 MHz; (e) the transmission spectrum at f, = 250.1 MHz; (b), (d), (f) partial enlarged views of (a), (c), (e).
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Fig. 6. Influence of light source parameter on the transmission intensity: (a) Repetition rate; (b) offset frequency; (c) cavity length;

(d) group delay dispersion.
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Fig. 7. Influence of light source parameter on cross-correlation signal: (a) Interference fringe under different repetition rate; (c) in-

terference fringe under different offset frequency; (b), (d) partial enlarged views of (a), (c).
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Fig. 9. Schematic of cross-correlation ranging based on repetition rate multiplying optical frequency comb. OFC, optical frequency
comb; CL1—3, collimator; Lensl and Lens2, mode matching lens; EYDFA, erbium ytterbium doped fiber amplifier; M1, plane mir-
ror; BS1—3, beam splitter; CR1—6, retroreflector; PD1 and PD2, photodetector; SRM, semi-reflective film; RIO, RIO single
wavelength laser; XL-80, Renishaw commercial interferometer; Scope, oscilloscope; yellow line, single-mode fiber; dark bule line, the
electrical cable; red line, the laser beam emitted by the optical frequency comb; light blue line, the laser beam emitted by the RIO

single wavelength laser; green line, the laser beam emitted by the Renishaw interferometer.
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Fig. 10. Optical spectrum and the radio frequency spectrum of the optical frequency comb before and after passing through the FP
cavity: (a) Optical spectrum before FP cavity; (b) optical spectrum after FP cavity; (c) radio frequency spectrum before FP cavity;
(d) radio frequency spectrum after FP cavity.
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Fig. 11. Cross-correlation interference signal with a repetition rate multiplication frequency comb: (a) Simulation result; (b) experi-

mental result; (¢) multi-pulse train interference pattern.
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Fig. 12. Cross correlation pattern based on repetition rate multiplying frequency comb: (a) Cross correlation signal; (b) magnified
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Absolute distance measurement using cross correlation
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Liang Xu Lin Jia-Ruif Wu Teng-Fei  Zhao Hui  Zhu Ji-Gui

(State Key Laboratory of Precision Measurement Technology and Instruments, Tianjin University, Tiangin 300072, China)

( Received 8 November 2021; revised manuscript received 4 January 2022 )

Abstract

In this paper, the Fabry-Perot etalon is used to multiply the repetition rate of the fiber optical frequency
comb. The repetition rate is amplified from 250 MHz to 10 GHz, and the corresponding pulse interval is
reduced from 1200 mm to 30 mm. For the pulse cross correlation ranging method, the repetition rate
multiplication can greatly reduce the length requirement of the scanning reference arm. We analyze in detail the
principle of cross correlation interferometry based on repetition rate multiplication frequency comb. A numerical
mode of the function is comprehensively established. The basic parameters of optical source and Fabry-Perot
cavity for the influence of filtered optical spectrum and cross correlation fringe are analyzed through the
numerical simulation. The multiplied frequency comb is utilized for absolute ranging with the help of a pulse
cross correlation method. By comparison, our result differs from the result obtained by a conventional counting

interferometer only by 4 pm for distances up to 210 mm.

Keywords: optical frequency comb, repetition rate multiplication, absolute distance measurement, cross

correlation interferometry
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