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Abstract: Ethanol gasoline is a new type of clean fuel, and the content of fuel ethanol in ethanol gasoline af-
fects the performance of the engine. In order to ensure the reliability of engine operation, the ethanol content
of ethanol gasoline should be detected quickly and accurately. This paper uses mid-infrared spectroscopy to
quantitatively analyze the collected spectral data of ethanol gasoline. First, the original spectral data were pre-
processed using multiple scattering correction ( MSC) , baseline correction, first derivative, second derivative

and other pretreatment methods. Then, the predictive model of ethanol content in ethanol gasoline is estab-

7S B 8 :2017-06-11 ; 4&1T H #5:2017-08-13

E£WE : EXKAREAREE I H (No. 61640417 ) ; YLIGA PHEAIHT G013 B (%0 522014160 45)
Supported by National Natural Science Foundation of China( No. 61640417 ) ; Collaborative Innovation Center of
Jiangxi Province ( No. gjgz[ 2014 160)



6 ]

DR PH 22 [, 2 - P ELANGIE SR Z 2RI S5 i p el 753

lished using ELM, LSSVM and PLS. By comparing the predictive ability of the three modeling methods, it is

found that the accuracy of PLS method is higher than the other two methods. The model determination factor
R’ is 0.958, RMSEP is 1.479% (V/V, volume ratio). The mid-infrared spectroscopy provides a new idea for

the rapid and accurate detection of ethanol content of in ethanol gasoline.

Key words: mid infrared spectroscopy ( MIRS) ; ethanol gasoline; extreme learning mathine ( ELM ) ; least

squares support vector machine (LSSVM) ; partial least squares( PLS)
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Tab.1 Concentrations of 30 groups of ethanol gasoline samples (% ,V/V)
RS W FEd 5 W R TS R
1 0.8 11 9.0 21 17.4
2 1.6 12 10.0 22 18.2
3 2.4 13 10.8 23 19.0
4 3.2 14 11.6 24 20.0
5 4.0 15 12.4 25 20.8
6 5.0 16 13.2 26 21.6
7 5.8 17 14.0 27 22.4
8 6.6 18 15.0 28 23.2
9 7.4 19 15.8 29 24.0
10 8.2 20 16.6 30 25.0
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Fig.1 Mid-infrared spectra of ethanol gasoline
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Tab.2 Prediction results of ethanol content in ethanol gasoline by ELM method

sin sig hardlim
WAL BT RMSEP/ % , RMSEP/ % ) RMSEP/ %
' (V/v) " (V/v) " (V/V)
Original spectral 23 1.657 0.817 78 1.621 0.812 69 1.573 0.919
MSC 30 1.681 0.801 71 1.658 0.791 67 1.623 0.903
Baseline 24 1.630 0.862 64 1. 608 0.869 47 1.631 0. 896
1" derivatives 20 1.696 0.769 18 1.725 0.766 20 1.698 0. 850
2" derivatives 15 1.758 0.690 28 1.779 0.682 24 1.725 0.798
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Tab.3 Prediction results of ethanol content in ethanol gasoline by LSSVM model
Lin-kernel RBF-kernel

B BTk vy RMSEP/% (V/V) R v,0" RMSEP/% (V/V) R
Original spectra 0.408 3.388 0.931 568 910, 148.13 2.332 0.945
MSC 0.011 3.725 0.891 42.358, 731.80 3.010 0.929
Baseline 0.124 3.620 0.928 16.416, 492.81 3.112 0.902
1™ derivatives 1.875 x 109 3.271 0.893 1 267 600, 182 430 3.271 0.89%4
2" derivatives 3.63 x 109 3.386 0.890 952 810, 560 680 3.386 0.891
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Tab.4 Prediction results of ethanol content in ethanol gasoline by PLS model

R DR L, P B
LB BTz % (V/V) (B BT RREE/ % (V/V)
Original spectra 7 0.940 1.731 0.900 2.290
MSC 11 0.956 1.433 0.913 1.941
Baseline 0.963 1.417 0.958 1.479
1* derivatives 0.959 1.457 0.938 1.719
2" derivatives 3 0.961 1.301 0.897 2.245
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Fig.4 RMSE varies with principal component factor
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Tab.5 Comparison results of three kinds of models

AL BRI 1 e R RMSEP/% (V/V)
Original spectral ELM hardlim, 7, =69 0.919 1.573
Original spectral LSSVM RBF, y=5.69 x10°, ¢ =148.13 0.945 2.332

Baseline PLS P, =7 0.958 1.479
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