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Fig. 2. (color online) Schematic of multiple-layer model of the gas cloud infrared spectrum.
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Fig. 3. Experimental field shot by imaging spectrometer.
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Fig. 4. (color online) Explosion of simulated gas cloud.
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Fig. 5. (color online) Results of simulated gas cloud explosion: (a) The zy plane view when ¢ = 1 s; (b) the zy plane

view when t =5 s; (c) the zy plane view when ¢ = 10 s; (d) the zy plane view when ¢t = 11 s; (e) the zy plane view

when t = 15 s; (f) the zy plane view when ¢t = 19 s; (g) the zz plane view when t = 15 s.
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Fig. 7. (color online) Comparison of measured and simulated cloud diffusion: (a) The measured cloud when
t = 11 s; (b) the simulated cloud when ¢ = 11 s; (c) the measured cloud when ¢ = 13 s; (d) the simulated

cloud when t = 13 s; (e) the measured cloud when t = 18 s; (f) the simulated cloud when ¢ = 18 s.
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Fig. 8. (color online) Imaging of three groups of measured and simulated data: (a) The measured data when
t =11 s; (b) the simulated data when ¢ = 11 s; (c) the measured data when ¢ = 13 s; (d) the simulated data
when ¢ = 13 s; (e) the measured data when ¢t = 18 s; (f) the simulated data when ¢ = 18 s.

3.2.3 FM 545 Aay kg

ALz A BRI 1 R ) AR 1 £ %o b %
I 22477 R S = H 8 BOE RS, Reedt = B
BUEAS P B AR, HAREUL I = JZ0 ek 1
LR, T 05 LA I 2L A0 GG I 2 A AT
& Hbr, AT BIUR R R YE, TR
AT E SRR, i E EiRE.

1) A [X 43, 1

BLIGUE 2= B 20 A i Ko Bt B 1] 2% 40 17 L 1
TR, 75 30 B — A ] N R g AT W % R0
fili. (HAR2, BT SERR B 2= B9 8502 2152 2% KGE K]
FISE, I XA IE SR, 16 B = A
PSR, Rk, AN EIEFEA MG ZAE I e A A
I8 1% 346 BUEL A AR SR 1) DR B X3 4 g [l e W
MR 2 B S BRy BCRAS, G U 9 BT G B IX 35k

(LA — A HlE U R & 9 ).

e UX =S BAT M R R i B i [ e 5G4
DB RIE IR 72 = BB Bod e, %58
BRI = B A A AT — e AR TR A 12
PHUELE XK, = B WA 2E; f£9 #eh
X3, = BRI N TE I F H—E A 2
W GIX IR, =RIMRLNNTEE. =4 REX
A = B S T 2 B3 O B R R, A
B X I A A ).

2) R XIHOEE T HAHXHR Z T

UG IX 2 5, 7 20 45 AL A A 5 O
X3P 1) 25 AL AR AT BB T SEARXTR 22
N, R — AR A s i, I dn e v SRR
B DX IR O AR 22, W 10 .

114203-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 38 % 3k Acta Phys. Sin.

Vol. 66, No. 11 (2017) 114203

The edge of Middle area Starting area
FOV area

Blo (MTIRE) SAKHX S

Fig. 9. (color online) Three key areas.

First group: simulated data

FiT A A LA 21 4 6 1 38 S e B ot i 21,
St )G T P S o PR T AR B e 2 UG T K
PUAR S 7 T B 2 P RUM SR AR B R T B OB
DX I N AR 2R AT O 5 SO B PR A X R 2
Ja, FE RN A K RAT AR YE R L&
RVPAL X OG5 H AL S5, MIERE SLIX I 240
xRz, Y

1
Rarea - E; Rpixel(i% (11>
I Rarea N XIS BIAH ST R 2 n N IX I N R

R Rpiscer (1) 9 DX 55 4 AMEE A B0OGE AR X
R

Green curve: measured spectrum

Blue curve: simulated spectrum

312.4 Relative error: 1.2%

1250 1212 1174 1136 1098 1061 1023 965 947 910

7| Spectral comparison of background pixel

3164 Relative error: 3.5%

Temperature/K

1250 1212 1174 1136 1098 1061 1023 965 947 910

g%gg Spectral comparison of similar pixel
317.6
316.3

Temperature/K

3116 Relative error: 13.7%
1250 1212 1174 1136 1098 1061 1023 965 947 910
Wavenumber /cm !
| Spectral comparison of differential pixel

10 (TR E) REEXIR A6 L R 2= T 5

Fig. 10. (color online) Spectrum comparison and error calculation in key areas.
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Abstract

The research on simulation of pollutant-gas-cloud infrared spectra is very important for studying the spectral
identification algorithms by using simulated spectra. Some good results of the simulation of pollutant-gas-cloud infrared
spectra under single-detector detecting are achieved, and have been used for studying the spectral identification. With
the development of infrared detection technology, the infrared imaging spectrometer is used to detect pollutant gas
cloud. The gas identification algorithms in the way of plane-array detection based on the imaging spectrometer also
need a number of measured gas-cloud infrared spectrum data cubes. Due to the lack of measured data in studying the
spectral identification algorithm that is based on imaging spectrometer, the multiple-layer model of the cloud infrared
spectrum is well studied by using the high-precision physics-based gas-cloud explosion model and its gridding simulation
results, and the way of simulating pollutant-gas-cloud infrared spectra under plane-array-detector detecting is proposed
to generate the infrared spectrum data cube with both spectral and spatial information, which obtains a new research
method for the research field. Validations are made by comparing the measured data with the simulated data, and the
comparison contains three parts: i) the comparison of measured gas-cloud explosion with simulated gas-cloud explosion,
ii) the comparison of spectral identification imaging results between the measured and the simulated gas-cloud infrared
spectrum data cubes, and iii) the comparison between the measured and the simulated gas-cloud infrared spectra. The
comparison results have two aspects: the first aspect is that the simulated gas-cloud explosion is consistent with the
measured explosion and has little difference in separate parts, and the second aspect is that the simulated gas-cloud
spectra have relative errors of less than 10% compared with the measured gas-cloud spectra. The conclusion is that
the simulation model of pollutant-gas-cloud infrared spectra under plane-array detecting is correct, which is obtained
from the validation results that simulated gas-cloud infrared spectrum data cubes are highly precise, whether in the
comparison with spectral identification imaging results or in the comparison with gas-cloud spectra. The simulation of
pollutant-gas-cloud infrared spectra under plane-array detecting which directly reflects the explosion of pollutant gas
cloud and provides complete and realistic infrared spectrum data cube of pollutant gas cloud, is significant for improving

and perfecting the spectral identification algorithms.

Keywords: infrared spectra, pollutant gas cloud explosion, plane-array detecting, ray tracing
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