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Table 1 Data sets information for continuous open path Fourier transform infrared spectroscopy monitoring and measurement

Fre I Ji) ' P s
No. Time Location Number of spectrum
1 June 443 Dairy farm 331
2 June FeMi Hog farm 150
3 January Y Farm 692
4 June FEHY Hog farm 150
5 March W52EY Dairy farm 550
6 June 54237 Dairy farm 331
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Fig. 1  Original spectra of (A) data set 1, (B) data set2 and (C) data set 3
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Fig.2 Target factor analysis (TFA) results for (A) data set 1, (B) data set 2 and (C) data set 3
S, and S represent the reference spectrum and the reconstruction spectrum
For clarity, Sy is moved downwards by 0. 04 unit.
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Fig.3 Spectra of the three data sets after baseline correction; results of wavelet transform (WT) of (A) Data

set 1, (B) data set 2 and (C) data set 3; Results of adaptive iterative reweighted penalty least squares
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Fig.4 TFA results for (A) data set 1, (B) data set 2 and (C) data set 3 after WT

S, and S} represent the reference spectrum and the reconstruction spectrum, respectively. For clarity, S; in (A) and (C) are

moved downwards by 0.1 unit, Sy in (B) is moved downwards by 0.05 unit.
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Fig.5 TFA results for (A) data set 1, (B) data set 2 and (C) data set 3 after airPLS

S, and Sy, represent the reference spectrum and the reconstruction spectrum, respectively. For clarity, S is moved downwards

by 0. 03 unit.
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2 ARIJFERIEE I HARKE T 387 (TFA) 45
Table 2 TFA results corrected by different methods

AR G 22 8
— wee
B WIE T e ERADEN
No. Concentration OPALS § (;riginal ZICHUNEE  PREIESBI MBS NBES A
variance data MSC SNV linear fitting WT BNk
airPLS
1 226.8 4 0.75 0.96 0.99 0.97 0.99 0.68
2 0.45 6 0.60 0.60 0.67 0.64 0.91 0.012
3 4.3 5 0.66 0.95 0.93 0.62 0.99 0.62
4 8.4 7 0.79 0.95 0.96 0.79 0.83 0.52
5 134610 2 0.094 0.12 0.85 0.94 0.94 0.49
6 18663 2 -0.14 0.20 0.38 0.89 0.93 0.73

WCC, weighted correlation coefficient; OPALS, orthogonal projection approach least squares; MSC, multiplicative scatter correction;
SNV, standard normal variate.
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Fig. 6 Eigenvectors of principal component analysis (PCA) of (A) data set 1, (B) data set 2 and (C) data
set 3 before and after WT

The arrow points from the eigenvectors of the original spectra to the eigenvectors after WT, in which dotted boxes indicate the

spectral characteristics of ammonia.



480 a3 # fk 2% %49 %

FLRIERL A 40 WT AGIE G, @ REIEE B i EV4 EVS EVe B3] EV2 EV3; B4 2 fuk )y 2
W/, LR /N, Zead WT BE S , R IWEISFRIE 1 EV4 EVS 23] EV3 EV4 EVS EV6; ¥4 3 1Y
BT 25/ RIS R, 4t WT &RIE )R, & A% 5 B i EVS (EV6 \EV7 EV8 5% EV1 ([EV2 |
EV3 EV4, B THELGEEH WT BER, 20065 F B aE AL E ST ARk &, 8% TFA BN HR,
AT 3 B 1 A1 B 285

4 g

TFA 7K OP/FTIR Gk oA A 2 /E . ASHIFIY e B FL 2R 1 1 19 7 08 TFA
BRI B ZE L, B e $f 3 AR RIVR B Jr 25 AN [REERS R B 1 & s 4, 1R FH OPALS 7 i 1
FHEFE, TG BME FH SNV MSC R4 airPLS Al WT 77k 4T 320K 1F , I8 FH 3 4 FH ek
PEATIRAIE, 45520, /N AR Be gt A7 UL B ] LA — 2B 4R 0 TFA BOE PR TRE )1, Ak b 24
SRR P E P TR L T — R LR R

References
[1] SAUER U, BORSDORF H, DIETRICH P, LIEBSCHER A, MOLLER I, MARTENS S, MOLLER F, SCHLOMER S,
SCHUTZE C. Environ. Monit. Assess. , 2018, 190(3) . 114.
[2] CHENMJ, DUHJ M, SHIE R H, WENG J H, HSU H T. Indoor Air, 2016, 26(3) ;: 457-467.
[3] LIN C H, GRANT R H, HEBER A J, JOHNSTON C T. Atmos. Meas. Tech. , 2019, 12(6) : 3403-3415.
[4] PHILLIPS F A, NAYLOR T, FOREHEAD H, GRIFFITH D W T, KIRKWOOD J, PATON-WALSH C.
Atmosphere, 2019, 10(4) . 208.
[5] JTAOL Z, GUO Y M, CHEN J, ZHAO X D, DONG D M. Food Res. Int. , 2019, 119; 968-973.
[6] BYRNE B, STRONG K, COLEBATCH O, YOU Y, WUNCH D, ARS S, JONES D B A, FOGAL P,
MITTERMEIER R L, WORTHY D, GRIFFITH D W T. Atmos. Ocean, 2020, 58(1) . 25-45.
[7] MALINOWSKI E R. Factor Analysis in Chemistry. New York, 2002.
[8] SCHWEITZER R C, TREADO P J, OLKHOVYK O, ZBUR L. J. Chemom. , 2018, 32(10) : €3038.
[9] MSIMANGA HZ, LAM T T H, LATINWO N, SONG M K, TAVAKOLI N. Spectrochim. Acta, Part A, 2018,
192, 159-167.
[10] REHAKOVA M, GAL L, BELOVICOVA M, ORAVEC M, DVONKA V, STOJKOVICOVA D, CEPPAN M. J.
Cult. Herit. , 2017, 27, 137-142.

[11 SHAO L M, GRIFFITHS P R. Anal. Chem. , 2007, 79(5): 2118-2124.

]
[12] LEGER M N, RYDER A G. Appl. Spectrosc. , 2006, 60(2) : 182-193.
[13] LAN T G, FANG Y H, XIONG W, KONG C. Chin. Opt. Lett. , 2007, 5(10) : 613-616.
[14] PAN Zhong-Xiao, SHAO Xue-Guang, ZHONG Hong-Bo, LIU Wei, WANG Hong, ZHANG Mao-Sen. Chin. J.
Anal. Chem. , 1996, 24(2) . 149-153.
WP, AR, Mhenle, XL, ERk, SRR ik, 1996, 24(2) : 149-153.
[15] ZHANG Z M, CHEN S, LIANG Y Z. Analyst, 2010, 135(5): 1138-1146.
[16] SHAO X G, LEUNG A KM, CHAU F T. Acc. Chem. Res., 2003, 36(4); 276-283.
[17] SHAO L M, GRIFFITHS P R. Appl. Spectrosc. , 2009, 63(8): 916-919.
[18] HAO S L, SHAO L M. Chemom. Intell. Lab. Syst. , 2015, 149 17-23.
[19] MALLAT S G. IEEE. Trans. Pattern Anal. Machine Intell. , 1989, 11(7) : 674-693.
[20] ZHU CJ, GRIFFITHS P R. Appl. Spectrosc. , 1998, 52(11) : 1403-1408.
]

[21 SHAO L M, GRIFFITHS P R. Anal. Chem. , 2008, 80(13): 5219-5224.



%3 TEHHAE : FELO AR AR LT AMSERE 8 H AR 50 B 45 SR AR R AT 52 481

Influence of Baseline on Target Factor Analysis Results of
Fourier Transform Infrared Spectroscopy

WANG Li, SHAO Li-Min~
( Department of Chemisiry, University of Science and Technology of China, Hefei 230026, China)

Abstract The successful extraction of target spectra from the experimental data matrix by target factor
analysis (TFA) without any preprocessing mainly depends on the concentration variance of the corresponding
component. When the variance of ammonia concentrations is low and the baseline drift is serious, TFA may
yield false negative results, so baseline correction is applied to improve TFA performance. In this study, six
sets of data with different concentration variances and baseline drift were used to compare the baseline removal
effects of standard normal variate ( SNV ), multiplicative scatter correction ( MSC) , linear fitting, wavelet
transform ( WT) and adaptive iterative reweighted penalty least squares (airPLS). The results showed that WT
could effectively remove the baseline, so that more spectral information of ammonia and methane was allocated
in the first eigenvectors of principal component analysis ( PCA). The allocated information of ammonia and
methane could be successfully extracted by TFA.

Keywords Target factor analysis; Principal factor number; Baseline correction; Wavelet transform
(Received 2020-10-21; accepted 2020-12-30)
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