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FTIR spectral wavenumber optimization for ethylene
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Abstract: Fourier transform infrared spectroscopy (FTIR) can rapidly and nondestructively measure the
composition and content of organic matter. As an important organic chemical raw material, ethylene is
widely used in the manufacturing of bulk chemicals such as plastics, alcohols and fibers. However, due to
its volatility, ethylene is harmful to the environment and human body. To improve the accuracy of FTIR in
the detection model of ethylene concentration, an improved IRIV-SA infrared spectral wavenumber
optimization algorithm is proposed based on the advantages of iteratively retains informative variables
method (IRIV) and simulated annealing algorithm(SA). On the basis of stable selection of a large number

of spectral characteristic wavenumbers by IRIV algorithm, this method uses SA to further screen a small
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number of effective characteristic wavenumbers, so as to reduce the complexity of the model and improve
the detection accuracy of organic matter spectrum. In the experiment, IRIV-SA is used to select the
wavenumber of the concentration of ethylene infrared spectrum at first, and the number of characteristic
wavenumbers obtained is reduced from 271 to 5, then the characteristic wavenumber is used for modeling.
The results show that the correlation coefficient and root mean square error of validation set are 0.9989
and 0.3943, and the correlation coefficient and root mean square error of prediction set are 0.9978 and
0.6652, which indicates that the modeling accuracy of the proposed algorithm is significantly improved
compared with that of the whole spectrum modeling. To further verify the effectiveness of the improved
algorithm, IRIV, SA, CARS (competitive adaptive reweighted sampling algorithm), SPA (successive
projections algorithm), IRIV-CARS and IRIV-SPA wavenumber selection models are established for
comparative experiments on the same data set. The comparison results show that IRIV-SA algorithm is
superior to the above six wavenumber selection methods, and is an effective feature wavenumber selection
method.

Key words: Fourier transform infrared spectroscopy; ethylene; wavenumber selection; iteratively retains

informative variables; simulated annealing algorithm
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Fig.1 Schematic diagram of ethylene FTIR spectra acquisition system
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Fig. 2 FTIR spectra of ethylene
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Table 1 Sample partition results of ethylene

Concentration/ (mg+-m™)
Number of samples

Maximum Minimum Average Standard deviation
Calibration set 14 133.116 75.349 101.900 19.473
Validation set 5 115.535 85.395 98.456 11.700
Prediction set 5 130.604 95.442 116.539 13.939
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Fig. 3 IRIV retain variable process
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Table 2 PLS modeling effect of IRIV

RC ERMS—CV RP ERMSVP
No reverse elimination 0.9947 0.8612 0.9937 1.1154
Reverse elimination 0.9915 1.0856 0.9917 1.2792
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Fig.4 IRIV-SA parameter selection process. (a) Selection of initial temperature; (b) Selection of desuperheating rate

56000 - —— NIR curve

49000+ B variables selected by SA
42000 -
35000
28000 +
21000 -
14000 -

Absorbance/arb. units

1000 1500 2000 2500 3000 3500 4000 4500 5000
Wavenumber/cm-!

BI5  IRIV-SAJEFERIIET
Fig.5 The wavenumber points selected by IRIV-SA

2.4 1RETIN

NI AE IRTV-SA S0 A 2t AWF 548 H 7 %F b 7732 FULL (&3 K). IRIV. SA. CARS. SPA.
IRIV-CARS. IRIV-SPA. JL i, CARS T ik /R it fbig 1 «i&# 447 AE, FIH 247 K% (Monte Carlo)
SRREF AT PLS W7 (1) 58 $ 3 I bR 58, 3% 3858 IR AIE 38 5 AR iR 22 Fe /ML I AR e /E N B A8 25 SPA S — iy
IR G PRRFAE AR B BT 5, IN— DN BTG, BB IR TSR A R N AR B B 4552, R B2 m) B de K
AR IS N BB R A A H, X — N NER RS i — MR RN

IRIV-SA. FULL. IRIV. SA. CARS. SPA. IRIV-CARS. IRIV-SPA & PLS FAR [ 2. ) v & T &5
FUNFR 3 PR IRIV-SPA 2 J U B35 Hp S SR IUCRA AR B e A0 190, o 2, (H JLRRIE B SR AR AN
IRIV-SA; IRIV-SA ByE AR AR B A, B0k 88 B AH OC R 30 0.9989, T A (I AH ¢ R HCH 0.9978, IR FE A8 &
et 271980 B TS5, 6B 5V AT AR 07 16 -5 20 TR PR A G Mk 5 R D B R e PRI Y ST 0 . &l 6
e AN RIS 754 T 0 TR P 00 5 S0 AN T P 5 et R, SECON B R B T IRIV-SA Bk AR .



533 kA 4 JLTF IRTV-SA [ 207 FTIR ¢ 3 i $ e ik 389

R3 ZIEHEREPLS BIRER

Table 3 PLS modeling results of ethylene concentration

Method Selected wavenumber points R. Exvis.cov R, ) S

FULL 271 0.9776 1.7593 0.9564 2.9072

IRIV 32 0.9947 0.8612 0.9937 1.1154

CARS 24 0.9918 1.0704 0.9899 1.4107

SPA 12 0.9923 1.0360 0.9754 2.1928

SA 14 0.9950 0.8352 0.9918 1.2719

IRIV-CARS 17 0.9948 0.8530 0.9937 1.1120

IRIV-SPA 2 0.9979 0.5389 0.9956 0.9183

IRIV-SA 5 0.9989 0.3943 0.9978 0.6652
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Fig.6  Scatter plots for ethylene concentration prediction set quantitative model. (a) FULL; (b) IRIV; (c) CARS;
(d) SPA; (e) SA; (f) IRIV-CARS; (g) IRIV-SPA; (h) IRIV-SA
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