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Research on the calibration method of 10 km/s laser Doppler velocimeter

indicating value error

Lu Weijun Deng Wen Ding Yujie Fan Yinbin Peng Xifeng
(Metrology and Testing Center, China Academy of Engineering Physics, Mianyang 621000, China)

Abstract: For the problem that the speed measurement error of high-speed laser Doppler velocity measurement system
cannot be effectively calibrated, this paper establishes a calibration scheme for the indicated value error based on the
echo simulation method, in which the optical frequency modulation and optical wavelength modulation simulate the
optical echo that carries the target information in the speed measurement process of the system, and then indirectly
simulate the reference speed, so as to realize the calibration of the indicated value error of laser Doppler velocimetry
system. Based on the self-developed calibration device, a calibration experiment is built, and a laser Doppler
velocimeter with an upper speed limit of up to 10 km/s is used as the calibration object to carry out the calibration
experiment of the display value error. By analyzing the experimental results, it can be seen that the echo simulation
calibration scheme based on optical frequency modulation and wavelength adjustment can realize the calibration of speed
measurement error of the speedometer in a wide speed domain, and the measurement accuracy analysis shows that the
calibration uncertainty of the optical frequency modulation method is U = 0.26% (& = 2), and the calibration
uncertainty of the wavelength adjustment method is U=1.5% (&£ =2). This index meets the calibration demand of
laser Doppler velocimeter indicating value error, and provides a method reference for the calibration of laser Doppler
velocimeter indicating value error.

Keywords: high-speed laser Doppler velocimetry; echo simulation; indication error calibration; optical f{requency

modulation; wavelength adjustment
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Fig. 1 Schematic diagram of laser Doppler effect
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Fig. 2 Schematic diagram of working principle of laser

Doppler velocimeter
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Fig. 3 Schematic diagram of working principle of laser

Doppler velocimeter(mixing mode)
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Fig.4 Composition block diagram of indication error

calibration scheme of laser Doppler velocimeter
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Fig. 5 Calibration scheme of indication error of optical frequency modulation method
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Fig. 6 Frequency shift scheme based on 1Q electro-optic modulator
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Fig. 8 Design block diagram of calibration prototype
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Fig. 9 Shows the physical scene of value error calibration experiment
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Table 1 Calibration results of laser Doppler velocimeter signal

value error (optical frequency modulation method)

%%  DISAR %% =i

ol BER e i
(mes ') (mes D %

1 550.094 68 0.499 837 829 387.40 394. 87 1.93
1 550.094 97 1.000 850 665 775.71 777. 39 0. 22
1550.094 26 1.497 312 831 1160.49 1 164.67 0.36
1550.094 54 2.002 437 944 1551.98 1554.13 0.14
1 550.094 97 2.501 905 55 1939.10 1 946.20 0.37
1 550.094 59 3.001 463 166 2 326.28 2 330.81 0.19
1 550.094 59 3.500 975 777 2 713.42 2 718.81 0.20
1 550.094 66 3.997 366 281 3 098.15 3 102.16 0.13

R2 HASEHNELUTERERALER (BHEX)
Table 2 Calibration results of laser Doppler velocimeter

signal value error (mixing mode)

AR [F] 38 %% DISAR %% =il
Wk i8S g/ R/ R/
X, /nm A, /nm (mes™")  (mes™ D) %

1 550.094 49 1 550.065 85 2 771.50
1 550. 094 46 1 550.055 51 3 769. 22
1 550.094 47 1 550.035 54 5 702.77
1 550. 094 49 1 550.020 44 7 166. 03
1 550. 094 49 1 550.005 35 8 626.42
1 550.094 47 1 549.999 52 9 188.71
1550. 094 48 1 549.989 41 10 168.13

2705.43 —2.38
3658.91 —2.93
5581.40 —2.13
7038.76 —1.78
§496.13 —1.51
9054.27 —1.46
10 038. 77  —1.27
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Table 3 Calibration results of laser Doppler velocimeter

(non-mixing mode)

Aot Mk sgm Do e
Ka/nm  A/nm o (mes TR,
(mes )
1 550.094 43 1 550.065 60 2 789. 88 2 795.06 0.19
1 550.094 61 1 550.056 10 3 726. 64 3 736. 44 0. 26
1 550.094 64 1 550.035 97 5 677.61 5674.43 —0.06
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Table 4 Calibration results of laser Doppler velocimetry indicator errors under different return light intensities
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