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Fig. 1. Three-layer radiative transfer model under sky back-

ground.
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Table 1.  Atmospheric models of MODTRAN.

PRI S KA AR ZEE /K
1 iy 299.7
2 i 7 204.2
3 rhEf R 272.2
4 W St 3 7 287.2
5 B2 == 257.2
6 & EFRERT(1976) 288.2
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Fig. 2. Temperature profiles of six atmospheric models in
MODTRAN.
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Table 2.  Some data fields of ECMWF.

5 FB TR

1 Longitude 2 (°)

2 Latitude HiREE(°)

3 Time 1A (1)

4 Pressure level JEi# (mbar)

5 Temperature L (K)

6 Relative humidity AEXTEBE (%)
7 Ozone mass mixing ratio S (kg /kg)

8 Geopotential TR EI (2 /s?)

24 XREERBEHSRMARZXENGE
A

45 FTIR 38 M s 15 5 gext Wil il 3 3474
TR, 32 3 RSB E KRR R Stz
T R B AR R, RV ITG [R) A 545 28 A AN Ffg A7 7E 22
S IR AR RN B RS T SRS T R
F MODTRAN {5, WIKHEEEHUFEAR T HbR &
0t R S T A SR IR, AR SO T TR
B LAY 15 SO 5 KT A K Rk T8
PR A AT R TA (KT 60°) X R 1975 5
J6i%. FIFH MODTRAN By 6 Fhzs sk S i 45
FLIIESEE T2 ¢ R IR AL S SO T 1. 7
U5 EHE B 50 k., K0 7E 60°—90°7 [l 4 1°
(IR FE RN 25 PE T, 20 At 6 Fl kS R AR R
SRLT AN ST AT B Sl R B, A T40—
1250 cm ' PEBLIN, A5 TS i T 5 B B R TOUAR A%
KNG, ANFAEBEAR GO, PTH 1—2 58
T PR B THA G, PRI B N R %S ] T 1AM 5F
565 R IR LB B E S S X R,
& 3 Fit7n g 800.4976 cm ! AbFRET = R T A 4%
LA R, B 4 RS ERRHER AT RI0A
Sk 78.5° (A ELAT AN S 5 B 2 S AR A A s i
SRR, TERDEB A IR (RMS) 4 1.86 x
10 W/(cm?sr-cm b). & 5 K 4 i Bk 54 A
T 2 ] A 2215

1.4
’E\ Wﬁ —a—1 v 4
2 1.2f -2 —5
| 1
b 2p 0 3 6
1.0t
z 08f
7
S 06
g
()
S 04}
)
T
g 02f
0 0.1 0.2 0.3 0.4 0.5

Cosine of the zenith angle

Kl 3 1F 800.4976 cm ' A 1% 4R 5 53 B2 B K IO A A% 52 (19
ita
Fig. 3. Variation of radiance at 800.4976 ¢cm ! with the co-

sine of zenith angle.
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Table 3. Root mean square error between the gen-

erated spectrum by interpolation and the simulated

spectrum (unit: 101 W/(cm?sr-cm')).

RIGH/(°
R 5 [0
84.5 78.5 7L5 64.5
1 2.92 1.6 3503  Nan
2 177 093 12.47 1.0
3 481 21.26 0.38 0.18
4 459 3297 441 1.05
5 4.76 1.57 0.43 0.12
6 341 1856 0.4 0.39
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Fig. 6. Scanning FTIR remote sensing imaging system and

test scene.
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(b) the elevation of each pixel in the scanning area.
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Fig. 12. Column concentration images based on background generated by the reference area: (a) SFg column density image dis-

played at a low threshold; (b) SFg column density image displayed at a high threshold.
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Fig. 13. ECMWF profiles of experimental scenarios: (a) Temperature profile; (b) relative humidity profile; (c) ozone profile; (d) altitude.
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Abstract

The sky infrared background radiation varies greatly with spatial distribution and time. When scanning
Fourier transform infrared remote sensing imaging system scans the target gas cloud with the sky as the
background, the background radiation corresponding to each scanned pixel is different, and the background does
not have a constant baseline. It is extremely difficult to obtain the background spectrum of each pixel in real
time, which affects the inversion accuracy of the target gas cloud transmittance. An inversion method of target
gas cloud transmittance based on atmospheric profile synthesis background is proposed in this work. The
temperature, humidity, pressure, and ozone profiles of the measured locations and the atmospheric model are
used to generate the sky infrared background in order to solve the problem, i.e. the difficulty in measuring the
clean sky infrared background spectrum in the chemical industry park. This paper proposes that there is a
continuous derivable relationship between the sky infrared background spectrum and the cosine of zenith angle
at each wavenumber, so a small amount of sky infrared background spectrum with a zenith angle gradient can
quickly generate a sky infrared background spectrum at any elevation angle. The proposed method is verified by
the moderate resolution atmospheric radiative transfer model (MODTRAN) software simulation and the remote
sensing imaging experiment of SF; gas. The proposed method can quickly generate the sky infrared background
spectrum corresponding to any angle within a gradient elevation angle and accurately invert the target gas
cloud transmittance at each pixel. The results show that the distribution trend of the column concentration of

the SFy gas cloud is consistent with the actual distribution, and the correlation is 0.99979.

Keywords: Fourier transform infrared spectroscopy, synthetic background, transmittance inversion, gas cloud

scanning imaging
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