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Abstract Based on the combination of the three-dimensional fluorescence detection technique and the alternating
penalty trilinear decomposition algorithm, a method is proposed to detect oil species in mixed oils. First, three-
dimensional fluorescence spectra of 20 samples of the mixed oil (jet fuel and lube) with different volume ratios are
obtained by the FLS920 fluorescence spectrometer, and calibrated by the Delaunay interpolation method. Then, the
number of components required for the alternating penalty trilinear decomposition algorithm to analyze three-
dimensional fluorescence spectra is determined by the core consistency function. Finally, the effectiveness of the
alternating penalty trilinear decomposition algorithm in analyzing three-dimensional fluorescence spectra is evaluated
by the root mean square error and the correlation coefficient matrix. The results show that both of the root mean
square error and the non-diagonal elements in the correlation coefficient matrix meet the threshold requirements of
0.05 and 0.95, which are obtained by the alternating penalty trilinear decomposition algorithm. As for the solution of
the serious overlapping problem of three-dimensional fluorescence spectra, the alternating penalty trilinear
decomposition algorithm is superior to the parallel factor algorithm. The purpose of rapid detection of oil species in
mixed oils can be achieved by the alternating penalty trilinear decomposition algorithm.
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Fig. 1 Flow chart of oil species detection in mixed oil

1130005-2



% {5

2.2 MNERRE
2.2.1 =&ML AR

TEHAT I BT AR 8 1 T DMEOR BT
ARG X K DS REA AT 7T LUAS
BT XJ XK B =4 N5 X, = 4k
BB X 5 i S B B T M A AR R SR
75 B

Xije = 2“;‘,,bj,,é'ku + €ijk s @)

itqj:i:1929"'

9I;j:1929"'9];/3:1929"'9K;

>
|
2
Q

il oA
I

1
2~

N SRR ZR A 90 BTHR 0 21 50 5 2 o = 4E T
B X I TEE G, G, k)RR DNREARTES
i MWORWA B S R BRSO s a
XTI R IEFEA L TITTER Gy n) 50, AN K
BIEFEB v I TTE (o n) s e, R AH X VR BE B
CxnMHILE (ks n)se NEHFREMEE, kT
MITCE Gy jok) o XTETAF = e B BE X 47 5
fift . AT LAAS 5 EL A I 0 P LA ME— % A LB I
C. =M mBm i EIEFRnE 2 s, b G
R YRR

{
B’ +l1E
I

2 =2 iRl

Fig. 2 Trilinear decomposition model
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Table 1 Ratio of jet fuel to lube in mixed oil
Sample Volume of jet Volume of Sample Volume of Volume of
number fuel /mL lube /mL number jet fuel /mL lube /mL
1 3.00 0 11 2.70 0.30
2 2.97 0.03 12 2.40 0.60
3 2.94 0.06 13 2.10 0.90
4 2.91 0.09 14 1.80 1.20
5 2.88 0.12 15 1.50 1.50
6 2.85 0.15 16 1.20 1.80
7 2.82 0.18 17 0.90 2.10
8 2.79 0.21 18 0.60 2.40
9 2.76 0.24 19 0.30 2.70
10 2.73 0.27 20 0 3.00
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Fig. 3 Three-dimensional fluorescence spectra and contour maps of jet fuel before and after calibration.

(a) Three-

dimensional fluorescence spectrum before calibration; (b) contour map before calibration; (c) three-dimensional

fluorescence spectrum after calibration; (d) contour map after calibration
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Fig. 4 Three-dimensional fluorescence spectra and contour maps of lube before and after calibration. (a) Three-dimensional

fluorescence spectrum before calibration; (b) contour map before calibration; (c) three-dimensional fluorescence

spectrum after calibration; (d) contour map after calibration
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Fig. 6 Result for the 16th sample. (a) Three-dimensional fluorescence spectrum; (b) contour map
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Table 2 RMSE and correlation coefficient matrix between spectral curves of pure and mixed oil

APTLD algorithm

Parallel factor algorithm

Sample - — - - — -
RMSE Correlation coefficient matrix RMSE Correlation coefficient matrix
hi, =0.0223 1.0000 0.9826 hg,=0.1232 1.0000 0.7862
Jet fuel
h;;m=0.0286 0.9826 1.0000 h,,.;m=0.1249 0.7862 1.0000
b re, =0.0265 1.0000  0.9777 re, =0.0370 1.0000  0.8148
_ube
r;;m:().()357 0.9777 1.0000 r;;m:0.0497 0.8148 1.0000
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