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Improved Linear Transformation Method
for Rough Surface Reconstruction
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ABSTRACT: The work aims to design an improved method to solve the problems that the linear transformation method can not
realize the rough surface reconstruction of arbitrary skewness Sy and kurtosis Sy, combination or guarantee the accuracy of
surface height extreme characteristic parameters (maximum height §,, maximum peak height S, and maximum pit height S).

The Johnson transformation in the linear transformation method was replaced by solution of probability density function of
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surface height. A non-Gaussian sequence conforming to the specified height distribution was constructed and the accuracy of
reconstructed surface height parameters was ensured by time-frequency iteration method. All the surface height roughness
parameters (if there were several parameters with strong linear correlation or equality relationship, some parameters would be
eliminated until the remaining parameters did not meet the above relationship) were used as constraints to construct a nonlinear
optimization equation so that the surface height probability density function could be directly solved. In order to avoid the error
caused by the linear transformation of the matrices in the linear transformation method on the height roughness parameters, the
time-frequency iteration method was further used to iterate the non-Gaussian sequence obtained above and the autocorrelation
coefficient matrix satisfying the specified autocorrelation function for several times in time domain and frequency domain, so as
to ensure that the accuracy of the final reconstructed surface could meet the requirement. In addition, specific theoretical values
of Sy and Sy, were set to prove the advantages of improved method, and the shot peening surface and grinding-shot peening
surface which were difficult to be reconstructed by the existing linear transformation method were used as the experimental
objects and reconstructed by the improved method. The reconstructed rough surfaces were compared with the corresponding
measured surfaces to further verify the accuracy of the improved method. The improved method could reconstruct the rough
surfaces of any given combination of Sy, and Sy, accurately and guarantee the accuracy of height extreme characteristic
parameters, with a maximum error no more than 5%. With the help of time-frequency iteration method, the improved method
could effectively avoid the error caused by the linear transformation in linear transformation method, and the reconstructed
surfaces had high accuracy and good robustness. The height distributions and autocorrelation functions of shot peening surface
and grinding-shot peening surface generated by the improved method were consistent with the measured surfaces, and the
maximum error of correlation roughness parameters was less than 5%. Compared with the existing linear transformation
method, the improved method can achieve efficient and accurate reconstruction of rough surfaces with arbitrary height
distribution and autocorrelation function, guarantee the accuracy of surface roughness parameters Sg, S and Sy, and characterize
the surface height extreme characteristic parameters well. In addition, the height distribution of shot peening and grinding-shot
peening surfaces reconstructed by the improved method is more realistic.

KEY WORDS: surface reconstruction; linear transformation; probability density function; time-frequency iteration; height

distribution; autocorrelation function
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Tab.1 Comparison between existing linear transformation method and improved method

Case Specified values Method in [6] Improved method
number Sa S Sa Error/% S Error/% S Error/% St Error/%
1 -1 2.3 —0.964 -3.6 6.891 199.6 -0.967 -3.3 2.411 4.8
2 -1 4.5 —0.852 -14.8 5.828 29.5 —0.982 -1.8 4.457 -1.0
3 -1 9.0 -1.011 1.1 8.324 =7.5 —0.981 -1.9 8.906 -1.0
4 -0.5 2.3 -0.481 -3.8 3.791 64.8 -0.492 -1.6 2.311 0.5
5 -0.5 4.5 —0.485 -3.0 4.203 —6.6 —0.488 -2.4 4.493 -0.2
6 -0.5 9.0 —0.586 17.2 8.624 —-4.2 —0.493 -1.4 8.808 -2.1
7 0.5 2.3 0.474 -5.2 3.787 64.6 0.489 -2.2 2.310 0.4
8 0.5 4.5 0.543 8.6 4.352 -33 0.491 -1.8 4.472 -0.6
9 0.5 9.0 0.432 -13.6 5.053 —43.8 0.498 -0.4 8.861 -1.5
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Fig.2 Comparison of three-dimensional morphology: a) measured shot peening surface;
b) reconstructed shot peening surface; ¢) measured grinding-shot peening surface;
d) reconstructed grinding-shot peening surface
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Tab.2 Comparison of roughness parameter s between measured surfaces and reconstructed surfaces
Shot peening surface Grinding-shot peening surface
Parameters
Measured Method Error/% Improved Error/% Measured Method Error/% Improved Error/%
values in [6] method values in [6] method
Sa 8.202 8.058 -1.8 8.037 2.0 7.193 6.508 -9.5 7.073 -1.7
Sq 10.161 10.161 0 10.161 0 8.336 8.336 0 8.190 -1.8
Ssk 0.114 0.087 -23.7 0.110 =35 —-0.127 —0.041 —67.6 —-0.126 -0.8
Sku 2.712 3.192 17.7 2.722 —0.4 2.078 3.792 82.5 2.086 0.4
S, 28.746 63.207 119.9 29.753 3.5 17.968 65.774 266.1 18.675 3.9
Sy 31.495 78.212 148.3 32.226 2.3 21.419 56.053 161.7 22.014 2.8
S, 60.241 141.419 134.8 61.979 2.9 39.387 121.827 209.3 40.689 33
Sal 59.809 59.337 -0.8 59.486 -0.5 71.946 72.132 0.3 72.052 0.2
Sir 0.759 0.744 -2.0 0.763 0.5 0.856 0.864 0.9 0.840 -1.9
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