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tunable laser frequency sweeping interference
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Abstract: The accuracy of absolute distance measurement is of great significance to the fields of aerospace
technology, precision equipment processing, satellite formation, and planetary space positioning. The frequency
sweeping interferometry (FSI) ranging technology based on tunable lasers has become an international research
hotspot in recent year. It has the advantages of breaking 2n ambiguity, no dead zone of measurement, non-touch
and independent of guide rail. The principle of FSI ranging, types and performance of some devices in the ranging
system were briefly introduced, such as tunable lasers, detectors, etc. The factors that affect the uncertainty of the
ranging system, including non-linear frequency sweep, Doppler frequency shift, dispersion mismatch, etc. were
analyzed. Corresponding compensation methods for influencing uncertainty factors were discussed, and
measurement results after compensation were compared and summarized.
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Fig.1 Schematic of laser ranging of frequency sweeping interferometer
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Fig.2 Schematic diagram of calculating the interference signal phase
difference. (a) Ideal linear frequency sweeping; (b) Actual

nonlinear frequency sweeping
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Fig.3 Frequency sweeping system based on PLL control*”!
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Fig.4 VCSEL frequency sweeping ranging system based on PLL
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Tab.1 Comparison of ranging accuracy of active

frequency stabilized FSI system

Author Distance/mm Standard deviation Relative error ~ Ref.

liyama 200 1.3 mm - [29]
Kakuma 14 0.12 pm 0.9x107°  [32-33]
Deng 40 7 um 7.5x10°° [35]
Zhu 40 2.4 um 9.7x107° [36]
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Fig.6 Resampling frequency sweeping interferometry ranging based on hardware!*"!
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Fig.7 Compensation of non-linear frequency sweeping based on F-P cavity and M-Z interferometer'"
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Tab.2 Comparison of ranging accuracy of passive compensation FSI system

Author Distance/m Standard deviation Relative error FWHM Ref.
Ahn 177.4 cm [37]
Yuksel 0.4 cm [38]
Jiang 5 4.64 um [41]
Liu 3 2.4 pm 1.1x10™* [42]
Meng 26 1.0x10™* 50 pm [39]
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Fig.8 Dual laser-based counter frequency sweeping ranging®")
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T RS S8 BN T B R G S AR, 4
HRIR PP Ty  H AR RS B RS T
W 9.6 mAb 1y H AR, b5 M 25 B 185.4 pm [ {15 2]
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Tab.3 Comparison of FSI system ranging accuracy for compensating vibration drift

Author Distance/m Standard deviation/um Relative error FWHM Ref.
Yang 0.7 50 nm [52]
Martinez 0.4 21 [63]
Tao 0.66 0.48 [61-62]
Zhang 3 11 [75]
Prellinger 4 11 6.0x107 [64—65]
Kakuma 11 4 3.6x107 - [59]
Swinkels 15 1.3x107* - [53]
Le Floch 15 50 pm [55-56]
Lu 16 3.15 65.5 um [66]
Dale 20 0.4x107° 40 nm [60]
Pollinger 20 5.1x107 12 pm [57]

2.3 EERER XTI BE RS B RS B M E

X T oy BRI T VIR R4, LG
R T 2 PR B s I 1 HE R ) B R, K
RN K T SO H5 {7 5 AR G (. FWHM R 58757, A
[ SN 7 8 N S N o G EN  N Vi g
M

2010 4, & [FE S 90N 5T K24 1) Barber 26 A\ B0
PEH T —Fh I F H5C N S MR 1 70 B 3 0
FE TR 2208 1E A9 73 o it Hy3C N U IR AY B8
FROOEAT AR A SR 7 e/ D — e dil 5, 1531 ECLD
1 H1 38T 8 S R0 23 AT K 1 2, 308 3 R 08 R e A
A TH BR (O HOR B 5 | R B R AR IR 22 o 7€ 100 m ]
T N, T AN RE BN 11077,

2015 45, BRI Tl K27 BV 37 B4 N9 3%
TT T — T WA WK A 3R A o RIAH 57 AMEE AR 45 5 19 07 1%, 0%
W 155950 1 M AR5, FFEAT Chirp Z 28 ¥, 3K
TRAR A AR Do HEREGIE I MAE, P21k
JAH Chirp Z 24 A B FG s, 7E2.53 m ¥
FBl N #4704, FWHM 4 64.5 pm, ArifE 2 Hy 4.5 pm.,

2018 4, KR 27 19 1 % 48 N FI T H5C 4N
SRS ARG AT AL, 455 A AR s 4
FFESRARE R AR, IHBR R AR 2 . SHEH HON X
AHE TAESS A AN [, e A Sk R 03 il 2 FH F 3

S ERAE R R 0 i 22 , 5% 22 B st B AR 42 o 4% v
DARCHESOCIM . 7E 8 m i [ P, 48 %5 FE g5 0 o0 i
7 45 pm,

2019 4F, HUIN HL 5B 2 B I 6 AE A 4l
HLA3 1) P-F T AVE Sy il B %, A7 %0kE 2 T 56 T M-
Z T AOGER Il R i LB R BC ) & o 0
SAE F-P b AR R e R A D R AEAR T, X
& TR S AT R A A 6.7 m AR RY H AR,
FRME Y 34 pm,

OHUR BCAMEEORSE PR N 4 B

x4 tMEBECKELH FSI RSB E L
Tab.4 Comparison of FSI system ranging accuracy

for compensating dispersion mismatch

Author  Distance/m g;i?;?;i RZEE;IE FWHM Ref.
Barber 100 - 1x107 [80-81]
Xu 2.53 1.3x10™* [82-83]
Pan 8 - - 45 [84]
Shi 6.7 34 - - [85]
3 #

W X PRI LN . HARIR B AL @ R BE 553
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