48 S2 2019 9

Vol.48 No.S2 Infrared and Laser Engineering Sep. 2019
1 2% 1,2 2 2
(1. 230026
2. 230031)
N N ° 532 nm
5%
8.5% 8.0%. o
: P412.1 : A DOI: 10.3788/IRLA201948.5209002

Extraction of atmospheric transmittance of laser waveband
using sun—photometer

Chen Xinmin', Li Jianyu*, Wei Heli'?, Huang Honghua?® Qian Xianmei?

(1. School of Environmental Science and Optoelectronic Technology, University of Science and Technology of China,
Hefei 230026, China; 2. Key Laboratory of Atmospheric Optics, Anhui Institute of Optics and Fine Mechanics, Chinese
Academy of Sciences, Hefei 230031, China)

Abstract: It is important to obtain the real—time atmospheric transmittance of laser waveband with the
application of laser technology in numerous scientific fields. Based on measurements and researches of
analysis on analogy calculation, a methodology making use of the measurements of sun—photometer to
obtain the atmospheric transmittance of infrared laser was proposed. The method was low —cost, high
effective, and simultaneous for multiple laser wavebands. Compared with the measurements by 532 nm
lidar, the transmittance error is less than 5%. The statistical errors of two infrared laser wavebands are
less than 8.5% and 8% respectively, compared with the calculated results by use of the laser
transmittance evaluation software based on the real —time measurements of the atmospheric parameters.
This method is valuable for the applications of laser engineering in the real atmosphere.

Key words: sun—photometer; atmospheric transmittance; laser transmission; infrared waveband;

comparison certification

:2019-05-10; :2019-06-20
(YZ13201608) ; GF (CXJJ-16S081)
(1994-), , ) . Email:chenxm16@mail.ustc.edu.cn
(1965-), , s s s

. Email: hlwei@aiofm.ac.cn

(1983-), , , . Email: lijianyu@aiofm.ac.cn

8209002=1



S2 www.irla.cn 48

\ N ,
18]
b
o
)
9
o
N > [9]
b
[-3]
\ o
b
141 ’
o
o AERONET .SKYNET .,
b
SONET
o
o ’
o 1
s Lowtran .Modtran .
Fascode
5] ,
b
MOTRANS (0.1 cm™)
,
532.589.1 0641 315.1 540.3 800 nm
23 km
’ N
’ ]' o
N ’
. 1
9’
(671 , 1 0* 0.999 9,
1 1
9’
) 5 4
b b b b 4
s 589.1315.3 800 nm
o , . . , 1315 nm ,
. 0.956,
, 0.756, 532.589 .1 064 nm
, N 0;.0, , 0.0,
b ’
1.0 S— 1.0 L0 gy —
0.9f 0.9f 0.9f
0.8f 0.8f 0.8f —H0
8 0.7 g 0.7f 8 0.7t —0,
5 o.6f —H,0 5 o.6f S o.6f —o0,
e 0.5 O, E 05f g o5t — AER+CLD
7 | —0, 7] L & L
= K
=T Aerosol =T 589 nm 2T 10 nm wideband
02k gz nm eband 0.2} 12 nm wideband 0.2
nm wideban
0.1F (a) 0.1F (b) 0.1F (©
0 . . . 0 . . . 0 . . . .
18550 18700 18 850 19 000 16800 16900 17 000 17100 9350 9370 9390 9410 9430 9451

1 1 1

Wave number/cm” Wave number/cm” Wave number/cm”

820000222



Wave number/cm’™

1 MODTRANS5

Wave number/cm™'

S2 www.irla.cn 48
1.0 - e 1.0 -
]’YT I\w —H,0 1.0 T “"VNWNLHVV " Al T L i T
iy H —Co, 0.9 0.9
0.8 —CH, 0.8 0.8f
2 ’ —0, 3 0.7 —H,0 8 0.7f
5 06 —Aerosol & —Co, S 06l
£ I g 06 —CH g
= | 1315 nm EE _o, EOSE g
g 04 30 nm wideband £ 04 Aecrosol g 041 co,
: 'l =03 1540 nm & 03r —cH,
0.2 0.2 12 nm wideband 0.2 —N,0 3800 nm
(d) 0.1 © 0.1p —Aerosol 155 1m wideband  (f)
0 . ) . . . , . . , ( . . , . ,
7500 7540 7580 7620 7660 7700 60465 6475 06485 6495 6505 6515 2590 2610 2630 2650 2670

Wave number/cm’™

Fig.1 Transmittance of main gas components and aerosol of each laser waveband calculated by MODTRANS

1

Tab.1 Average transmittance of molecules of each laser waveband in different bandwidths

Length/nm Waveband/nm H,0 0, O, CO, CH, N;O
10 0.999 6 0.9729 0.998 31 * * *
2 0.999 7 0.972 3 0.998 * * *
532 .
0.5 0.999 7 0.972 3 0.998 * *
0.1 0.999 8 0.972 2 0.998 * * *
10 0.958 8 0.955 3 0.998 64 * * *
2 0.927 8 0.955 8 0.999 02 * * *
589 "
0.5 0.906 0 0.9558 0.999 04 * *
0.1 0.956 6 0.9558 0.999 03 * * *
10 0.999 1 * 0.983 5 0.999 9 * *
2 0.999 3 * 0.982 48 0.999 9 * *
1064 .
0.5 1 * 0.982 46 0.999 9 *
0.1 1 * 0.982 16 0.999 9 * *
10 0.819 7 * 0.999 43 0.998 7 0.999 1 *
2 0.782 7 * 0.999 49 0.997 2 0.999 3 *
1315
0.5 0.756 4 * 0.999 5 0.997 3 0.999 1 *
0.1 0.823 * 0.999 5 0.995 3 0.998 9 *
7 603.15 0.956 3 * 0.999 5 0.998 5 0.999 7 %
10 0.985 6 * * 0.993 3 1 1
2 0.989 2 * * 0.991 1 1 1
1540
0.5 0.997 5 * * 0.992 6 1 1
0.1 0.999 1 * * 0.972 0 1 1
80 0.909 5 * * 0.9970 0.991 1 0.999 7
3800 50 0.9170 * * 0.996 5 0.990 6 1
10 0.968 9 * * 0.995 2 0.986 9 1
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Fig.3 Calculation model flow chart of extrapolation method for extracting laser waveband atmospheric transmittance
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Fig.5 Original signal, water vapor and atmospheric

transmittance
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