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Feature information extraction in identification of oil varieties

based on fluorescence lifetime analysis method

JING Min,CHEN Man-long, CHEN Ying-shu,ZHANG Qi,DING Min,ZHANG Shi-yong, MA Zhen-yuan
(School of Mechanical Engineering,Shaanxi University of Technology , Hanzhong 723001 , China)

Abstract ; Identification of oil varieties play an important role in environmental monitoring,accident identification and
other fields. Based on the complex composition of oil products,the fluorescence lifetime imaging technique combined
with nonlinear least square method was proposed to fit the fluorescence life attenuation curve and extract mean fluores-
cence lifetime parameters,and thus solved the classification and identification problem of different oil mixtures. Using
time-resolved fluorescence experiment in laser-induced fluorescence system, the best fitting curve was determined from
the correlation index and residual distribution. Experimental results show that the fluorescence life attenuation curves
of three different oil products had different fitting effect according to different exponential attenuation curves. The opti-
mal fitting curves were selected to fit the average fluorescence life parameters of different oil products according to the
synthesis method,and trustiness of the results was above 95% . Taking the average fluorescence life of all excited pix-
els as the center,using 2 times standard deviations as the confidence limit, the probability of pixel fluorescence life-

time value falling within their confidence intervals in two different oil excitation regions was calculated as 87% and
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68% ,respectively. Comparing the mixture of three different oil products,the possibility of using fluorescence life anal-

ysis to identify different oil type was verified,and the spatial distribution information of different oil types was deter-

mined by fluorescence life imaging. Fluorescence life analysis provides a new approach for oil product identification,

component analysis and spatial distribution detection.

Keywords : fluorescence lifetime ;laser-induced fluorescence ;nonlinear least square fitting;oil identification
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Fig. 1 Laser induced oil fluorescence
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Fig. 2 Schematic diagram of gated detecting method
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Fig. 3 Laser induced fluorescence lifetime imaging system
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Tab. 1 Correlation index analysis of different

attenuation function about three kinds of oils
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RABECEWE | 0.9428 | 0.9428 | 0.9428 | 0.9428
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Fig. 4 Decay curve fitting according to different exponential and

residualsdistribution of Changcheng oil
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residuals distribution of Yamalube gear oil
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Tab. 2 Fluorescence decay curve parameters and 95% confidence interval of Changcheng oil after fitting
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Tab. 3 Fluorescence decay curve parameters and 95% confidence interval of Yamalube oil after fitting
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Fig. 6 Decay curve fitting according to different exponential and

residuals distribution of Kunlun gear oil
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Tab. 4 Fluorescence decay curve parameters

and 95% confidence interval of Kunlun

gear oil after fitting
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Tab. 5 Variance analysis of mean fluorescence life of three lubricants
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Wt 5 4 b No.8 2021 SOAE ORI T IE M LI R AL £F BRI 1011

BB @ =0.05, A48 F I3 43R Fy 5 (4,00)
=2.37,F) (2,0 ) =2.99, %5 HitHM F 4t
IR TARME, AW BRE. X THEEN=
Tl T, A 40 eR A T 81U 3 A, £
FERELE95% V) I,
4.2 FRTEFHF @ TRAE RN

R P 10k 0 G 1A 8 Tl A A AL 23 301 O TR
FEATSE L E I (R THT_E , A B3R 7 3% PR AL
T TF At T . FH 2248 ORI R B
BPCTEM LR, F5 IR LA T 0Ok K3 B A 1%
RAITUE M AKX 4 TR PO 7
i, B R DX R A R P L A i O3
{Ho TR XS N B A A -2 75 i 1A 2
LHARUERE 12 18 95% 1B 5 M3 OB DX T, 31
BT O X R R R 9O 5 A (I R 1%
XA Ee ], BARTHR SRR 6 frs.

xk6 A RMEEMmFHRAEFRSHL

Tab. 6 Mean fluorescence life parameters of different oil
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Fig. 7 Oil film and fluorescence lifetime map
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