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Abstract To retrieve the gas concentration accurately and rapidly, a new quantitative analysis technique based on
Fourier transform infrared spectroscopy of interval extreme learning machine (ELM) model is proposed. Based on the
idea of interval division, this approach firstly divides the whole spectrum into several subintervals, secondly
establishes quantitative analysis model corresponding to each subinterval with ELM method, and finally selects the
best subinterval combinations according to the determination coefficient of each model. Based on the above approach,
wavelengths are selected in the spectrum of NO and NO., and then establishs the quantitative analysis model using
the selected spectrum combinations, respectively. The experimental results showed that, the testing set
determination coefficient of NO and NO, are 0.9999 and 0.9997, respectively. The outcome indicates that, compared
with Interval partial least squares method, the proposed Interval ELM method can establish quantitative analysis
model more rapidly and accurately.
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Table 1 Volume fraction of NO testing set

Volume Volume

Sample ) Sample )
fraction /10°° fraction /10°°

1 1500 6 1540

2 2780 7 1160

3 9140 8 5600

4 6780 9 520

5 9940 10 4180
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Table 2 Volume fraction of NO, esting set

Volume Volume

Sample i Sample X
fraction /10°¢ fraction /10°°

1 5260 6 4520

2 9780 7 3140

3 4240 8 8460

4 6000 9 3060

5 900 10 6600
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Table 3 Prediction results of NO quantitative

analysis model

Sample  Iinterval ELM /10°° Interval PLS /10°¢
1 1492 1582
2 2789 2705
3 9167 9047
4 6762 6730
5 9904 9886
6 1525 1479
7 1184 1128
8 5580 5704
9 537 651
10 4203 4124
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Table 4 Prediction results of NO, quantitative

analysis model

Sample linterval ELM /10 ¢ Interval PLS /10 ¢
1 5272 5130
2 9836 9716
3 4215 4351
4 6040 5928
5 868 993
6 4464 4562
7 3120 3047
8 8406 8533
9 3084 3219
10 6697 6488

s115006-4



DX [a] 4% B 2% 2T HLLE SR FTIR Sltil ol B2 5 38 v 6 1 JR T 52

5 4k e

b FTIR SEREH A1 B I, K575 34
8 B A A S T S 32 R R . % T i
e T 75 o AL HITRATIN $OH 12 L 448 45 1 2
SR AR BB v O T S A e R
B2 — AN DA BEAR i 5 B L A SR
o84 1 X 1 48 B 2 59 L 3 o T L 7 e oy A8
I+ X 28 A 3 3 L0 AT 975 56 o DA T 02 2 B 428 )
S T . I R A B 2 ST L 3 I % B A1
(2 50T A BB L= 4 o ELYI 255 B DR A4, —
VAT 03 T S SR TR B Sy L SR B R
5X[6 PLS J7k Mt , X B] ELM Jy k0] L fi #5 2
ST L R AR o

& F X

1 Zheng Longjiang, Li Peng, Qing Ruifeng e al.. Research
situation and developing tendency for optical measurement
technology of gas density[J]. Laser & Optoelectronics Progress ,
2008, 45(8): 24~32

ML, 2 MG, ZHi0e S ASPRUR BRI Ot & B AR 19 F 58 BUIR
HEERBL] #kh ke FFi k. 2008, 45(8): 24~32
Lan Tiange, Xiong Wei, Fang Yonghua e al.. Research on

5]

preprocessing algorithm for infrared spectral signals of biological
aerosols[ J]. Acta Optica Sinica, 2010, 30(9) . 2742~2747
ERAG. B AR B . EYRIEIRAIN GRS S B #
EWFET]. R FR. 2010, 3009): 2742~2747

Liu Zhiming, Liu Wenging, Gao Minguang et al.. Study of the

o

retrieval algorithm of emission gas spatio-temporal distribution of
pollution source using the infrared solar occultation flux (SOF)
method[J]. Acta Physica Sinica, 2010, 59(8): 5397~5405

XIZEHT, XSO . oG 4. BT L0AME H 8 Ak (SOF) 15 Y i
HERCR e B 2 A0 A RO R R R LT ). 4 F R, 2010,
59(8): 5397~5405

Zhu Jun, Liu Wengqing, Liu Jianguo et al.. Application of FTIR

S

spectra fitting method in retrieving gas concentrations [ ] ].
Spectrosc. & Spectral Analy. , 2005, 25(10); 1573~1576

KL X, WEEE %, FTIR Y6ibk il & ik 78 & iS4 ik
BT ]. ik % 5 e A4 L 2005, 25C10); 1573~1576
Zhu Jun, Liu Wenging, Liu Jianguo et al.. Quantitative gas

ol

analysis using Fourier transform infrared spectroscopy method
[J). Chin. J. Sci. Instrum. , 2007, 28(1): 80~84

KO, XSO R SRR RN R TR
R SATLT]. A B AR F R, 2007, 28(1): 80~84

Xu Liang, Liu Jianguo, Gao Minguang et al.. Monitoring of

o

atmospheric NHj in urban area using open path FTIR system[]].
J. Atmos. & Environm. Opt. . 2007, 2(1): 60~63
s XUEEE . D 5. JF OB AR 20 T R 5
WL 25 A iy NH [J ], X A5 2R3k 4 F 4k, 2007, 2(D) .
60~63

7 Wei Heli, Wu Chengjiu, Ma Zhijun et al.. A new method for
improving the measurement spectral resolution of atmospheric
absorption apectral J]. Acta Optica Sinica, 2002, 22(2): 165~
169
B, ORURAE. SAEE AF. B m R ARG IS DU B4 R 1R
JEl]. R |, 2002, 22(2): 165~169

8 G.-B. Huang, Q.-Y. Zhu and C.-K. Siew. Extreme learning
machine: a new learning scheme of feedforward neural networks
[C]. International Joint Conference on Neural Networks,
(Budapest, Hungary), 2004

9 L. Norgaard, A. Saudland, J. Wagner e al.. Interval partial
least-squares regression (iPLS): a comparative chemometric
study with an example from near-infrared spectroscopy [ J].
Appl. Spectrosc. , 2000, 54(3): 413~419

10 Zhang Hua, Shi Guangyu. A fast and efficient line-by-line
calculation method for atmospheric absorption [ J]. Chin. J.
Atmos. Sci., 2000, 24(1) . 111~121
[ S I B SO L P ST G S B NS S RS
[J1. Xx&A#, 2000, 24(1); 111~121

EERE: FL8

s115006-5



