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Surface Roughness Measurement Based on Fractal Dimension
of Laser Speckle
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Abstract The speckle images of rough surface formed by laser irradiation of workpiece are analyzed using an
autocorrelation function to obtain two- order statistical properties. Some parameters of the autocorrelation
function are extracted from the speckle images using a fractal algorithm, and a sample set between the fractal
dimension and the surface roughness is established and fitted by the least squares polynomial method. The
experimental results show that the proposed surface roughness measurement method based on the fractal
dimension of laser speckle is feasible and suitable for online high precision roughness detection. The detection
time is shortened from tens of seconds to seconds and the detection accuracy reaches to micrometer scale.
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Fig.1 Flowchart of image roughness processing for laser speckle based on fractal dimension
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Fig.2 Image roughness processing based on fractal dimension
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Fig.3 Speckle images of standard sample pieces with different roughnesses. (a ) R.=0.012 pm; (b) R.=0.025 pm;
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Fig.4 Three—dimensional distributions of normalized discrete autocorrelation function for speckle images with different

surface roughnesses. (a) R,=0.012 um; (b) R,=0.025 um; (c) R.=0.05 pum; (d) R,=0.1 um
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Fig.5 Normalized discrete autocorrelation function image. (a) i direction; (b) j direction
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Fig.6 Fractal dimension sample points and least square fit curve image
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Table 1 Fractal dimension and its average of standard sample pieces

Roughness R, /pm Fractal dimension D Average
0.1 3.0552 3.0421 3.0396 3.0536 3.0509 3.0487 3.0523 3.0489
0.2 3.1221 3.1403 3.1283 3.1376 3.1328 3.1302 3.1337 3.1321
0.4 3.9652 3.9487 3.9574 3.9613 3.9433 3.9515 3.9601 3.9554
0.8 4.8286 4.8246 4.8238 4.8297 4.8364 4.8329 4.8318 4.8296
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Table 2 Inverse calculated results of standard samples with different roughnesses

Roughness R, /pm Average /pm Absolute error /pm Relative error /%
0.1 0.1062 0.0062 6.20
0.2 0.1913 0.0087 4.36
0.4 0.4130 0.0130 3.25
0.8 0.7927 0.0063 0.79
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