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Frequency shift characteristics of laser Doppler effect

Cao Kang'?, Jiang Chenghao', Zhu Jingguo'’, Du Juan', Qiao Zhi', Ye Zhengyu'

(1. Institute of Microelectronics of the Chinese Academy of Sciences, Beijing 100029, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to improve the performance of the laser Doppler velocimetry system and enhance the
adaptability of the system to application scenarios, the characteristics of the two main frequency shift devices of
electro-optic and acousto-optic were compared. Starting from the principle of frequency shifting of devices, a
simplified method of analyzing frequency transformation relations was proposed. The frequency shift
characteristics of the two devices in the laser Doppler velocimetry system was theoretically studied, all-fiber laser
velocimetry system link of a lithium niobate electro-optic modulation and acousto-optic frequency shift were
bulit. The test frequency characteristics and the theoretical characteristics was compared. A new type of acousto-
electric hybrid modulation laser Doppler velocity measurement system was proposed. The results show that the
new system has the advantages that the acousto-optic frequency shift speed measurement system can measure the
movement direction and speed of the moving target, and accomplish the multi-frequency correction of electro-
optic modulation speed measurement system, the relative error of frequency measurement is small, and the
dynamic range is large. By studying the frequency characteristics of the two frequency shifting methods, it
provides theoretical and experimental support for the design of high-performance laser Doppler velocity

measurement systems.
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Fig.l Optical path structure of laser Doppler velocity measurement

system of reference light
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Fig.2 Structure of the electro-optic lithium niobate phase modulator
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Fig.4 Diagram of frequency modulation of acousto-optic modulator
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Fig.5 Optical path structure of laser Doppler velocity measurement
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Tab.1 Electro-optic modulation heterodyne frequency

under static conditions

Number Frequency 1/Hz Frequency 2/Hz
1 5000210 9990788
2 4999924 9990501
3 5000019 9990501
4 4999828 9990788
5 4999828 9990692
Average frequency 4999962 9990654
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Fig.6 Spectrum of heterodyne signal of electro-optic modulation static
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Fig.7 Heterodyne spectrum of electro-optic modulation target at 3 mm/s velocity. (a) Relative movement; (b) Opposite movement
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Tab.3 Heterodyne frequency value of acousto-optic

modulation static target

Number Frequency/Hz
1 100006938
2 100006938
3 100006938
4 100006819
5 100006819
Average frequency 100006 893

20210116-5



ISk A2

%114 www.irla.cn % 50 A
600 NP = 5
x4 FERAFEBRERE 3 mm/s BT RJIMESRE
300 Tab.4 Heterodyne frequency of acousto-optic modu-
_ 400 | lation target at 3 mm/s velocity
E 300 + ] I Direction frequency/Hz Relative Opposite
=
200 N 100002 646 100009799
100 h 99999 666 100012302
0 , , , e £ 100004077 100011349
o 2 4 6 8 10 12 14 fi 100003 123 100012302
Frequency/Hz <10
. B N - fs 100000978 100010276
P 8 R B 1 E B AR s 2505 5 i
. . . Average frequency 100002098 100011205
Fig.8 Frequency spectrum diagram of heterodyne signal of acousto-
optic modulation static target o —4795 4312
450 900
400 | X: 10.000 209 8 800 r X:10.001 1205
350 Y: 420 700 + Y: 870
300 600 r
> z
£ 250 | Z 500 |
£ <« g T
£ 200 £ 400 |
150 300
100 200 r
50 | 100
O L L L L L L O i L L L L L L
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Frequency/Hz x107 Frequency/Hz x107
(@) (b)

9 PG R AR 3 moys B ISPNESE . (a) AR S); (b) ARS8 3

Fig.9 Heterodyne spectrum of acousto-optic modulation target at 3 mm/s velocity. (a) Relative movement; (b) Opposite movement
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Tab.5 Comparison of frequency shift characteristics of two modulation methods

Modulation Relative error Direction Dynamic range Insertion loss/dB Connection
Electro-optic Smaller Ambiguity Full speed range -3 Fiber
Acousto-optic Bigger Distinguishable High speed -1 Fiber
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Fig.11 Heterodyne spectrum of acousto-electric hybrid modulation target at 5 mm/s velocity. (a) Relative movement; (b) Opposite movement
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