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Analysis of Surface Topography of Scroll Based on Wavelet Transform and
Multifractal Theory

LIU Tao" LIDing WU Zaixin ZHANG Shuo MA Zhuang
School of Mechanical and Electrical Engineering , Lanzhou University of Technology, Lanzhou, 730050
Abstract: The The surface topography of the scroll sidewall is critical to its lifespan, wear resistance,
and reliability. To enable accurate characterization of the machined surface, this study proposes a quantita-
tive analysis method that integrates wavelet transform and multifractal theory. Surface data of the scroll are
acquired using a white light interferometer, from which roughness information is extracted via wavelet
transform. The Weierstrass-Mandelbrot (W-M) function is then employed to investigate the dependence
of surface topography on fractal dimension. The fractal dimension is computed using the differential box-
counting method, and local topographic features are further analyzed based on the multifractal spectrum.
The results demonstrate that wavelet transform effectively extracts roughness information, while the fractal
dimension and multifractal spectrum parameters accurately characterize surface complexity and local unifor-
mity. Compared with conventional roughness parameters, the fractal dimension exhibits lower variability
and error, and the multifractal spectrum parameters prove effective in detecting local surface defects. By
combining these two fractal parameters, the microscopic surface topography of the scroll can be comprehen-
sively characterized at both global and local scales, providing a theoretical foundation for precise surface
quality evaluation.
Key words: scroll; wavelet transform; multifractal theory; fractal dimension; multifractal spectrum
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Fig.1 Measurement of surface topography data
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Tab.1 Reconstruction errors of different wavelet

basis functions
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Tab.2 Energy proportion of the surface
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Tab.3 Measurement results of three-dimensional

roughness parameters
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Fig.4 Surface topography with different

fractal dimensions
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Fig.5 Fractal dimension fitting graph of the
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Tab.4 The fractal dimensions D, of each test area

G1 G2 G3 G4

D 2.5346 2.5471 2.5018 2.5229
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Fig.8 Multifractal spectrum of the scroll surface
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Tab.6 The multifractal spectrum parameter values on

the surface of the scroll

K | o | e | Aa | flag) | flaw) | A
G1 1.932 2.395 0.462 1.521 —0.329 | 1.850
G2 1.914 2.364 0.450 1.304 —0.492 | 1.796
G3 1.900 2.704 0.804 1.136 —0.824 | 1.960
G4 1.894 2.465 0.571 1.211 —0.690 | 1.901
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