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Quantitative Analysis Method of Metal Element in Lubricating Oil Based
on Laser-Induced Breakdown Spectroscopy and Characteristic Wavelength
Fast Selection
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'State Key Laboratory of Precision Measuring Technology and Instruments, Tianjin University,
Tiangin 300072, China;

*China North Engine Research Institute, Tianjin 300400, China

Abstract Metal elements in lubricating oil can directly reflect the wear status and position of the mechanical structure, and
analyzing them quantitatively is an effective means of realizing fault warning and diagnosis. Based on laser-induced breakdown
spectroscopy (LIBS) technology, the correlation coefficient method and threshold setting are used to narrow the range of feature
wavelengths rapidly. The feature wavelengths are extracted accurately by the iterative predictive weighted partial least squares
(IPW-PLS), uninformative variable elimination (UVE), and competitive adaptive reweighted sampling (CARS) methods. Finally,
based on partial least squares (PLS) method, a quantitative analysis model of metal elements in lubricating oil is established to
analyze metal elements in lubricating oil quantitatively. The experimental results show that the proposed CCPS method can
improve the efficiency of characteristic wavelength selection and reduce the running time by more than 50%. The correlation
coefficient R} and root-mean-square error prediction (RMSEP) values of CCPS-IPW-PLS are 0.9945 and 25.1678 ug/g,
respectively. The R} and RMSEP values of CCPS-UVE are 0. 9790 and 52. 7363 pg/g, respectively, and the R} and RMSEP
values of CCPS-CARS are 0.9939 and 25.0996 pg/g, respectively. These results prove the accuracy and efficiency of the
proposed method. The approach provides a new way to perform the rapid, portable, and accurate detection of lubricating oil.
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Table 1 Element content of standard oil
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Table 2 Comparison of operating efficiency of different characteristic wavelength selection algorithms

Wavelength number MATLAB Wavelength number MATLAB
Method ) ) ) Method ) ) .
after selection computation time /s after selection computation time /s
CCPS-IPW-PLS 55 2.709 IPW-PLS 70 5.403
CCPS-UVE 43 2.658 UVE 3386 3.958
CCPS-CARS 58 1.436 CARS 81 23.610
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Table 4 Comparison of characteristic wavelength selection quantitative analysis
Training set Testing set
Method Wavelength number after selection - ‘
R RMSEC /(pg-g ") R} RMSEP /(pg-g ')

CCPS-IPW-PLS 55 0.9993 8.5913 0.9945 25.1678

CCPS-UVE 43 0.9999 3.2337 0.9790 52.7363

CCPS-CARS 58 0.9999 2.6607 0.9939 25.0996

IPW-PLS 70 0.9997 5. 7847 0.9869 37.8719

UVE 3386 0.9994 8.0693 0.9924 20. 5758

CARS 81 0.9999 2.2290 0.9936 19.4713
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