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Fig. 2 Filter effective transmittance curve

and solar radiation spectrum
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spectrum intensity at different solar zenith angles
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of filter as a function of wavelength 2
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Fig. 7 Experimental device for imaging

remote sensing (a) and (b)
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Fig. 9 Raw spectral data
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(a): 310 nm channel; (b): 330 nm channel
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Fig. 12 Experimental result of SO, concentration
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Fig. 13 Theoretical simulation results and experimental

results of spectrometer
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Study on Ultraviolet Imaging Remote Sensing Monitoring Technology for
SO, Gas Emission

XIONG Yuan-hui'' ?, LUO Zhong-jie' , CHEN Zhen-wei*, YU Guang-bao' ?, DUAN Wei-min®*, LIU Lin-mei*, LI Fa-quan®,
WU Kui-jun*”

1. School of Mathematics and Physics, China University of Geosciences, Wuhan 430074, China

2. Wuhan Institute of Physics and Mathematics, Chinese Academy of Sciences, Wuhan 430071, China

Abstract SO, emissions from industrial smokestacks and ship exhausts is an important factor causing air pollution. SO, is easy
to be oxidized into sulfuric acid fog or sulfate aerosol, which produces acid rain and seriously endangers the balance of atmospher-
ic, ecological environment and harms human health. The existing SO, optical remote sensing measurement techniques, such as
Raman scattering lidar, Differential absorption lidar (DIAL), Fourier transform infrared (FTIR) spectroscopy, Differential ab-
sorption spectrometer (DOAS), high-resolution spectral imaging techniques, etc. , are all difficult to satisfy with the application
requirements in consideration of a high temporal resolution, high spatial resolution and portable mobile, etc. In recent years, the
ultraviolet SO, camera imaging detection technology gets rapid development for its high precision and strong practicability. With
features of high temporal resolution and strong spatial resolution, this technology can directly get pollution gas concentration dis-
tribution in the two-dimensional space and the emission rates over time by analyzing image’s spatial information and the correla-
tion between SO, concentration, which makes it play an important role in monitoring environmental pollution. This paper carries
out researches based on the ultraviolet SO, camera imaging detection technology, which focuses on the measurement principle and
influencing factors, instrument design and experimental methods, inversion algorithm and result comparison. The main achieve-
ments are as follows: (1) combining the narrow-band filter's narrow-wave window, measuring ultraviolet absorption of SO, near
310 nm by using ultraviolet cameras, the ultraviolet imaging remote sensing theory model is established, and the measurement
principle that the ultraviolet imaging remote sensing image detection technology acquires SO, concentration is introduced; (2) the
influence of different incident angle for the filter center wavelength and transmittance curve is discussed by placing the filter in
front and back of the lens, from which it was found that camera system sensitivity to SO, is less influenced by the incident angle
when the filter is placed in the back of lens that; (3) the influence of solar zenith angle on SO, concentration image inversion is
analyzed, and the necessity of real-time calibration of SO, concentration inversion curve is clarified; (4) the UV imaging remote
sensing detection apparatus is designed based on the above theoretical analysis and the experiment research of UV imaging remote
sensing monitoring SO, emissions are carried out. The images of the SO, concentration is obtained by using the 2-IM method to

fit the artificial sky background by using the standard calibration of the SO, Optical depth; (5) DOAS technology is used to mo-
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nitor the SO, emissions simultaneously. And the SO, concentration results obtained by DOAS technology and by the UV imaging
remote sensing technology are compared, which shows that the tend of the concentration information calculated by the two meth-
ods are consistent. This proves the accuracy of the measurement results of the UV imaging remote sensing monitoring technolo-
gy and shows the great application prospect of this technology in remote sensing monitoring of industrial smokestacks and ship

exhausts pollution.
Keywords SO, camera; Ultraviolet spectroscopy; Differential optical absorption; Imaging remote sensing

(Received Apr. 9, 2019; accepted Aug. 2, 2019)

* Corresponding author

(L% 1275 1)

. SWHLANM
KM T4 N G4 B WL A0 T84 . http://www. sinospectroscopy. org. cn/meeting/extend. php? mid=24& body_id=12
EARFR SN GRAR WU T 5442 . http://www. sinospectroscopy. org. cn/meeting/extend. php? mid=24&.body_id=13
AREWHBIERE . EHEE . sCHMBEL . Bk s S5 E BHuE s oW E A,

NAZSMEFEBKRREFR
HE%
=22, 13688385033 Email: wulan@scu. edu. cn
DM

M AR &= 15902844473 Email: zhang. liang@ scu. edu. cn

WAL AR 18980877825 Email: atcpubs@scu. edu. cn

J7 O OBE 4% F&REMR 13520034335 Email: xiangfeng@bnu. edu. cn
t. ZFEE

SWE R HIER (http: //www. sinospectroscopy. org. cn)

ZUUE AR B R AT LOGIE W AE & .

EHPA:
R 22 &
o L 2
B 2B LT 5

AP
DY I 2 3 A I v
TEELFFALEELER A
WO K 557 4K, P s
2019 % 11 A 18 ©





