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Speckle Measurement and Its Reduction Device
Shigeo KUBOTA
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Speckle measurement tool using a high sensitivity CCD camera and a small pin hole was prototyped to
detect substantially fully developed speckle contrast. Such speckle contrast was measured to reduce to
1/10 of its original value when a transmissive diffuser located in the laser illumination path was vibrated
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with amplitude larger than average zero crossing distance of surface height function of the diffuser.
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Fig. 1 Normalized coherence area: No/N and standard devia-
tion of phase: oy.
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Fig. 2 Speckle contrast: C and root-mean-square value of
surface roughness: on/A.
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Fig. 3 Speckle measurement system layout.
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Fig. 4 Negative exponential type speckle intensity dis-
tribution as a function and CCD output in 8 bit represen-
tation and corresponding input luminance value.
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Fig. 5 Speckle contrast C(x) as a function of ¥=Ac/Am.
Given pin hole diameter of 0.8 mm, x=26.
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Fig. 6 Speckle pattern generated on Morpho butterfly wing and its intensity distribution.
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Fig. 7 Speckle pattern generated on a frost glass diffuser and its intensity distribution.
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Fig. 8 Conic frusta and vibration diffuser unit.
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Fig. 9 Speckle contrast reduction by vibrating a diffuser. On PTFE diffuser screen, a) C=48% at
0 V applied voltage, b) C=4.9%, at 2.5 V applied voltage; on frost glass diffuser screen, ¢) C=
88%, at 0 V applied voltage, d) C=7%, at 2.5 V applied voltage to a vibration motor, respectively.
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Fig. 10 Uniform integration windows Pr(¢) and Pr(¢—1t) for a moving diffuser to calculate its auto-
correlation function A7(t), (Left); plots of normalized autocovariance function u (v7/7.)? and tempo-
ral integration window weighting function Ar(vt/7) with regard to normalized distance of diffuser

motion vt /7, where 6,=107 assumed. (Right).
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Fig. 11 Simulated autocorrelation function of probability density function for amplitude of vibrat-
ing diffuser under multimode oscillation and measured spectral density function of vibrating

diffuser. (10 dB/div, 125 Hz/div)
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tion window weighting function K:( /7,) /K:(0) with regard to normalized amplitude of diffuser vibration

& /7o, where 6,=1.367 assumed. (Right).
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