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A Method to Improve Fringe Contrast in Time-average Digital Holography
for Vibration Measurement

XIAO Wen, ZHANG Xu-hong, PAN Feng, CONG Lin, LI Yan

(School of Instrumentation Science and Opto-electronics Engineering , Beihang University , Beijing 100191, China)

Abstract; A new algorithm was proposed to improve vibration-related fringes contrast for micro-vibration
online detection based on time-average digital holography. First, phase change arising from the
longitudinal micro-displacement of the object during vibrating process was corrected. Then phase noise
caused by speckle noise was eliminated, and thus fringes pattern contrast that modulated by Bessel
function was improved effectively. Finally, the amplitude distribution of the measuring surface was
estimated according to Bessel function and fringe progressions. An experimental system based on time-
average digital holographic interferometry was proposed for micro-vibration measurement that acoustic
wave was used for excitation source. The experiment was verified by the reed that excited at the
sinusoidal frequency of 0, 1 100, 2 000 and 9 000 Hz, respectively. The result based on vibration
frequency of 2 000 Hz shows that the proposed method can improve vibration-related fringes contrast
effectively. Amplitude of three-order zero points are 109. 4 nm, 244. 2 nm and 356. 4 nm, and errors are
6.31%, 3.34% and 3. 78%, respectively, compared with theoretical values, which demonstrate the
effectiveness of the method within the allowable range.
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Fig. 1 Sketch map of recoding time average hologram
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Fig.2 Time-average digital holographic interferometry

system

Pl 2 Ch) i 2 B Sy pR P25 TR 3 L % TR
BT o [ RN B PR R R AR R 3 X 1.2 em”
4 RIESRIEES ) 100 em. I 5 45 %38 FElJE 0~10 000 Hz,
10 57 AR AL 9 B G )R] 2 100 ms.
3.2 ZXWERRSW

Bk — I 3 R # k e 4 B SR 7R R TR
I B AT T 1 % I ] 2 4 B sl 3, (a) ~
(D Zr g d T VB2 0.1 100.2 000 #19 000 Hz 1y
TE5Z 5 P WO R L K R Y R IR T R (RO
321X 32118 F). AT LA o i T DL JE /R bR 85 3% S8 1) B

(a) OHz

(b) 1100Hz

0309001~ 3



(¢) 2000Hz (d) 9000Hz

K3 mEFHLeERt
Fig. 3 Reconstructed image based on time-average

hologram
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Fig. 4 The experimental results of phase correction
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Fig. 6 Comparison of |J,| of before and after treatments
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Experimental
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value
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