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Study on Mineral Oil Identification Based on a Dimension
Reduction Method of Three Dimensional Fluorescence Spectra

Wang Yutian Xu Jing Zhou Yanling
(Measurement Technology and Instrumentation Key Laboratory of Hebei Province . Yanshan University ,
Qinhuangdao , Hebei 066004, China)

Abstract Kerosene, diesel and gasoline are taken as research objects without considering each oil’'s components. By
fluorescence spectroscopy analysis, a dimension reduction method that turns three-dimensional spectrum into two-
dimensional spectrum is proposed by linking the spectral datum matrixes end to end , drawing its envelope and
extracting the apparent statistic (the standard deviation, coefficient of kurtosis and coefficient of skewness are
chosen) . The method is applical to the systems of certain degree of spectral overlap but low spectral shape similarity.
The recognition rate of the oils is over 98 % with clustering analysis. According to the Lambert-Beer law, fitting
curve of fluorescence intensity and concentration is used for quantitative analysis and standard addition recovery rate
is over 95% . Distinguish efficiency is increased by 43% . compared with the parallel factor method used commonly.
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Fig. 1 Fluorescence spectrometer system structure
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Fig. 3 Two-dimensional excitation image of diesel
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Fig. 4 Envelope of diesel two-dimensional excitation image
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Fig. 6 Envelope of kerosene two-dimensional excitation image
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Table 1 Standardized characteristic value extraction table
Standard  Kurtosis  Skewness
Oil type Number

deviation coefficient coefficient

1 0.9143 —0.9924 —1.1768

2 2.0693 —0.8972 —1.1424

3 —0. 2406 —1.0875 —1.2112

Gasoline 4 1. 3083 —0.9349 —0.9171
5 0. 5204 —1.0498 —1.4364

6 2.2819 —0.9758 —0.9136

7 —0.4418 —1.0433 —1.3936

8 —0.4532 —1.0090 —1.4400

9 —0.1046 —0. 3200 0. 0507

10 —0. 3058 —0.3643 —0.1975

11 —0. 0550 —0. 2309 0. 3036

Kerosene 12 —1.0668 —0.3996 —0.1509
13 1.0178 —0.2193 0.2283

14 —0.1556 —0.4093 —0.2024

15 0.0953 —0.2758 0.2987

16 —1.2283 —0.4208 —0.1271

17 —0.5722 1.3372 1. 3777

18 —0.6374 1. 3270 1. 1547

19 —1.5996 1. 2474 0. 9530

Diesel 20 —0.0819 1. 3958 1. 2010
21 —1.1943 1. 2581 1.1080

22 0.3234 1. 4065 1. 3560

23 —1.6393 1. 3236 1. 0796

24 0. 3631 1. 3302 1. 2295

25 —0. 7040 1. 3167 0.9313

Unknown 26 0. 8562 —0. 2405 0.2521
27 0.7301 —1.0718 —1.2153
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Table 2 Time comparison of proposed method and parallel factor

Clustering analysis Time /s Parallel factor Time /s
Three-dimensional image display 1.45 Three-dimensional image display 1.45
Discrete and standardization 0.45 Analysis of nuclear consistency and residual sum of squares 1.35
Dimension reduction 0.3 Parallel factor analysis excitation spectrum 1.24
Feature extraction 0.3 Parallel factor analysis emission spectrum 1.24
Clustering analysis 0.5 — —
Total 3.0 Total 5.28
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Table 3

Recovery rate of diesel, gasoline and kerosene

Sample name Fortified volume fraction /10°

C, —C, determination results /107° Recovery rate /%

Diesel 5.00 2.45,2.40,2.45,2.35,2.55,2.45 97.67
Gasoline 5.00 2.44,2.46,2.45,2.43,2.47,2. 46 98. 06
Kerosene 5. 00 2.42,2.45,2.45,2.41,2.44,2. 46 97.53
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