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Fig 3 Original Raman spectra of petroleum samples
A:=10* Diesel; B: 0 Diesel; C: Naphtha; D: Methanol Gasoline; E: 90% Gasoline; F: 93% Gasoline; G: 97" Gasoline
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Fig 4 Preprocessed Raman spectra of petroleum samples
A:-10* Diesel; B: 0 Diesel; C: Naphtha; D: Methanol Gasoline; E: 90 Gasoline; F: 93* Gasoline; G: 97* Gasoline
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Table 1 Distribution of test samples ,
Known sample Select ed Unknown Unknown sample P
class samples sample chss property ,
—10* Diesel 1, 2,7 M-xylene Pure Substance s s
0% Diesel 15, 17, 19 O-xy lene Pure Substance
Napht ha 23, 25, 29 P-xylene Pure Substance ’ ’ ’
Met hanol G asoline 31, 45, 48 Kerosene M ixture ’ ’
90* Gasoline 53, 61, 64 ,
93 Gasoline 72, 78, 80 ; (soft independent
97# Gasoline 90, 93, 95 modeling of class analogy, SIMCA), PCA  (support vector
machine, SVM) , >
1 , ,
2 3 >
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Fig 5 Preprocessed Raman spectra of unknown samples
(a): M-xylene; (b): O-xylene; (¢): P-xylene; (d): Kerosene
Table 2 Infra class threshold of each known dass in the knowledge base
Known sample class in knowledge base A B C D E F G
Intra class threshold Rmin 09915 Q0 9359 Q0 9573 0.955 8 Q0 988 6 Q 960 6 Q0 984 8
Table 3 Correlation coefficients between test samples and intra- class feature spectra
Test Correlation coefficients Classification
samples A B C D E F G results
1 0 998 4 0802 1 0 942 3 Q0 6196 0 8598 08130 Q713 2 A
2 0 998 8 0836 5 09275 Q0 6210 0 8573 0 814 5 Q7209 A
7 0 997 8 Q0797 2 Q0 943 4 Q6174 0 8595 0 812 4 Q7117 A
15 0 9348 0967 3 Q0 8532 Q0 6606 0 8243 0 802 3 Q 734 3 B
17 0 9039 0982 8 0818 1 Q0 6543 0 8025 Q0 786 3 Q 726 9 B
19 0 8694 0994 9 Q7856 Q0 6514 Q0 790 8 Q779 7 Q 726 2 B
23 0 9360 07389 0999 0 Q0 6930 0 908 1 Q0 860 7 Q7525 C
25 0 9294 0734 8 0997 5 0 6806 09010 0 854 8 Q 746 1 C
29 09301 07375 0 998 4 Q 708 6 09158 0 869 6 Q762 5 C
31 0 5829 0 604 7 0 643 3 0 9869 0 8090 0 860 1 Q903 5 D
45 0 6343 06510 Q0 696 6 09993 0 8433 0 883 8 Q0 909 8 D
48 0 6196 0629 8 Q0 6958 0 9883 0 8233 0 8558 Q0 87138 D
53 Q0 8667 07773 0914 0 Q0 8216 0 9% 1 09756 Q0 898 6 E
61 0 8580 Q0765 4 Q0 906 0 0 9423 0 9997 09831 09131 E
64 0 8586 07711 Q0 905 6 0 8393 0 999 6 09825 Q9115 E
72 Q0 804 1 07811 Q0 8456 0 8860 0 969 0 0 987 4 Q0 960 1 F
78 Q0 8225 Q07857 Q0 865 6 Q0 8588 0 969 2 0 987 4 Q 954 7 F
80 Q0 806 6 0764 1 Q0 8553 Q0 8927 0974 4 0 996 8 09728 F
90 Q7181 07329 Q 757 2 0 8822 0 8931 09551 0 987 4 G
93 Q 7339 07231 Q 767 0 0 9029 09228 0974 5 0 997 4 G
95 Q0 7348 07114 Q 767 4 Q 8745 0 9090 0 968 5 09949 G
M-xylene 02197 02759 Q3575 Q0 1818 0 0784 0 059 2 0 460 3 unknown
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3
O-xylene 01162 01321 Q197 5 0 2116 Q1137 0 068 1 Q1848 unknown
P-xylene 0 0165 Q0152 Q0147 - 00146 0 0324 -00228 Q0 0313 unknown
Ker osene 0 7425 0687 8 Q 5830 Q0 6497 0 8755 Q 8128 Q 5186 unknown
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A Fast Classification Method for Petroleum Products Based on the Raman
Spectroscopy

LI Sheng, DAT Liar kui"
State Key Lab of Industrial Control Technology, Zhejiang University, Hangzhou 310027, China

Abstract A fast and effective method for classification of petroleum products based on Raman spectroscopy is proposed. A
know ledge base composed by Raman spectra of training samples, intraclass feature spectra and intra class thresholds of all clas-
ses was firstly established. Then, correlation coefficients between the test sample and the intra class feature spectra were calcu
lated. If the maximal correlation coefficient of the test sample is larger than or equal to the corresponding intra-class threshold,
the test sample is determined to belong to the corresponding cass. For 96 petroleum product samples belonging to 7 classes and
4 unknown samples, the experimental results show that this method can accurately classify known test samples and can also find
the unknown test samples. T his method costs little calculation time and human interference. Moreover, it can be easily imple-

mented in the practical application.
Keywords Raman spectroscopy; Petroleum products; Fast classification; Correlation analysis
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