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Abstract To improve the quality of Doppler signal and signal processing accuracy, a set of homodyne laser vibration
measurement system based on pupil-plane interferometry and wavelet transform is proposed and implemented. In this
system, pupil-plane interferometry is introduced into the laser Doppler vibrometry, which overcomes the phenomenon that
the detection spot drifts relative to the detector caused by the complex vibration of the measured object in optical path for
vibration measurement based on image-plane interferometry, and suppresses the modulation of Doppler signal caused by
this kind of drift. In the session of vibration information extraction, the instantaneous frequency of signal is extracted by
wavelet ridge extraction algorithm, and then the vibration velocity is calculated. With a standard shaker as the vibration
source and a magnetoelectric velocity sensor as the reference, the performance of the designed system is verified through
the experiments of measuring the velocity and the vibration. Experimental results show that the measurement of the
velocity of a vibrating object by the designed system is consistent with the magnetoelectric velocity sensor, and the relative
errors of different simple harmonic vibration parameters measured by the designed system are all within 1. 5%.
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Fig. 1 Schematic diagram of general structure of laser Doppler vibrometer
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Fig. 2 Schematic diagram of optical path for vibration

measurement based on pupil-plane interferometry
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based on pupil-plane interferometry
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Table 1 Measurement results of vibration parameters under constant displacement

. Vibration o .
Peak velocity Vibration amplitude
frequency

Frequency /Hz - - - -
Theoretical Measured value /' Relative Measured Relative Measured Relative
value /(m+-ms™ ") (m-ms™") error /% value /Hz error /% value /pm error /%
40 3.77 3.74 —0.79 39.90 —0.25 14.92 —0.53
60 5.66 5.61 —0.88 59.92 —0.13 14.90 —0.67
80 7.54 7.53 —0.13 80.02 0.02 14.98 —0.13
100 9.42 9.37 —0.53 100. 10 0.10 14.90 —0.67
120 11.31 11.33 0.18 120. 05 0.04 15.02 0.13
140 13. 20 13.26 0.45 140. 00 0 15.07 0.47
160 15.08 15.01 —0.46 159.95 —0.03 14.94 —0.40
180 16. 96 16.71 —1.47 179. 88 —0.07 14.78 —1.47
200 18.85 18. 66 —1.02 180. 00 0 14.85 —1.00
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Table 2 Measurement results of vibration parameters at constant frequency

Peak velocity Vibration Vibration amplitude
frequency
Displacement /pm . Measured . . .
Theoretical Relative Measured Relative Measured Relative
value /(mme«s ') value{ error /% value /Hz error /% value /pm error /%
(mmes ")

10 1.57 1.58 0. 64 49.92 —0.16 5. 04 0. 80

20 3.14 3.15 0.32 49.90 0.20 10. 05 0.50

30 4.71 4.75 0.85 50.02 0.04 15.11 0.73

40 6.28 6.26 —0.32 49.92 —0.16 19. 96 —0.20

50 7.85 7.81 —0.51 50. 10 0.20 24.81 —0.76

60 9.42 9.43 0.11 50. 05 0.10 29.99 —0.03

70 10.99 10. 89 —0.91 50. 00 0 34. 66 —0.97

80 12.57 12. 44 —1.03 49.92 —0.16 39. 66 —0.85

90 14.14 14.10 —0.28 50.02 0.04 44. 86 —0.31

100 15.71 15.63 —0.51 50. 00 0 49.75 —0.50
O?g M T 5 BOR BT ABOL 2 38 8 4R v, DU ) ) A 52
2 16 Ze % 51 B I RO REEE RS X 28 5 TR T, A
£u PN I -5 5 1 BT 2 45 45
Zz 10 A B U 1 B 22 3 ) 15 5 B0 B IR AR A 2B
s TR 0 175 1 0 B I A A 5
5 421 - data %%ﬁ%%%,%&1+E@§%ﬁﬁﬁ??ﬁﬁj¥ﬂﬂi¢,ﬂﬂ%

N I Sl i R BT A R P

0 20 40 60 80 100 120 140 160 180 200
Vibration frequency /Hz

P8 4 2 31 5 0 0 32 ) 2 ek 40 5 45 2R

Fig. 8 Linear fitting results of vibration frequency and peak
velocity
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