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Overview of distance measurement with
femtosecond optical frequency comb
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Abstract: Precise ranging system is of key importance in fields like multiple satellites flying formation,
planets spatial positioning, shape measurements of large—scale structure, measurement of tiny displacement
and measurement in commercial manufacture. For the advantages of fast measuring speed and high
precision, the distance measurement technique with femtosecond optical frequency comb has become the
focus of study in recent years. Based on a brief introduction of basic theory and main applications of
femtosecond optical frequency comb, several distance measurements and results were given, including
time —of —flight method, multi —wavelength method, dual combs method, spatial dispersive interferometry
method, method based on real-time dispersive Fourier transformation and multi —technique method. The
approaches of atmospheric refractive index correction and dispersion compensation were briefly introduced.
A comparison and a summary of these methods were given and the latest progresses were introduced.
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Fig.1 Properties of femtosecond mode—locked laser

in the time domain(a) and frequency domain(b)
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Fig.2 Schematic of the experimental set—up of distance

measurement by time—of—flight method
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Tab.1 Accuracy of distance measurement

by time-of-flight method

Research . Allan Measurement
Distance/m .. . Ref.
group deviation/nm  time/ms
KAIST 700 0.117 5 [47]
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Fig.3 Schematic of the experimental set—up of distance
measurement by multiple—wavelength

interferometry method
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Tab.2 Accuracy comparison of distance
measurement by multiple-wavelength

interferometry method

Research Relative

Distance/m Accuracy/pm Ref.
group accuracy/ppm
NRLM 240 2000 8 [49]
KAIST 0.025 0.015 0.6 [50], [51]
Switzerland
and France 0.8 0.008 0.01 [55]
group
PTB 100 10 0.1 [56]
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Fig.4 Schematic of the experimental set—up of distance

measurement by dual-comb interferometry method
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Tab.3 Accuracy comparison of distance
measurement by dual-comb

interferometry method

Research Distance/ Accuracy/ Relative accuracy/ Time/

group m pm ppm(10-2 ms Ref.
NIST >1 0.2 <0.2 - 601

[64]

KAIST 69.3 170 2.45 0.2 [65]
THU 0.6937 0.0829 0.12 500 [66]
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Fig.5 Schematic of the experimental set—up of distance
measurement by dispersive interferometry

method
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Tab.4 Accuracy comparison of distance
measurement by dispersive

interferometry method

Research Relative

eroup Distance/m Accuracy/pm accuracy /ppm Ref.
KAIST 1.46x107* 0.007 4.8 [73]
TUD 50 1.5 0.03 [75]
HUST 5.75x107* 0.1 17.39 [77]
TJU 75 25 0.33 [80]
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Fig.6 Schematic of the experimental set—up of distance

measurement based on real-time dispersive Fourier

transformation method
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Tab.5 Accuracy comparison of distance
measurement by real-time dispersive

Fourier transformation method
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group range/m cy/wm  accuracy/ppm  time/ms ’
. 5 [83]
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Los ~ .
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Fig.7 Schematic of the principle of absolute distance
measurement based on time—of—flight and

correlation analysis methods
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Fig.8 Distance measurement principle of
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Tab.6 Accuracy comparison of distance
measurement by multi—technique

combined methods

Research Relative

Distance/m Accuracy/pm Ref.
group accuracy/ppm
TUD 50 2 0.04 [91]
Universit
nversity 15 0.004 0.003 (100]
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. 22.478 1.6 0.07 [101]
of Tokyo
TJU 0.6 0.5 0.83 [102]
TJU 65 33 0.51 [105]
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