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Abstract: A method of measuring atmospheric transmittance from a single frame of multi-spectral image
for non and weak absorption waveband was proposed, which can be applied to evaluate and correct
atmospheric attenuation effect in optoelectronics engineering field. Firstly, a radiometric image can be
acquired using the camera with absolute radiometric calibration; secondly, according to the optical model
of image degradation in atmosphere and the dark channel prior statistical theory, average atmospheric
transmittance of dark channel can be calculated from radiometric image; finally, the atmospheric
transmittance of specific wavelength is calculated using the average extinction coefficient relation database
of the specific wavelength and the dark channel waveband. The experimental comparison indicates that
the correlations between the transmittances measured by the new method, visibility meter and lidar are

good. For the new method and visibility meter, the correlation coefficients are between 0. 89 and 0. 95,
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and the average relative deviations are no more than 9%, 15%, 30% for lkm, 4 km and 6 km,
respectively; while for the new method and lidar, the correlation coefficients are between 0. 95 and 0. 97,
and the average relative deviations are no more than 6%, 9%, 18% for 1 km, 4 km and 6 km,
respectively.

Key words: Atmospheric optics; Atmospheric transmittance; Atmospheric radiation; Multi-spectral
image; Dark channel
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Fig. 1 Sketch map of image transmission in atmosphere
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Fig. 2 The process of atmospheric transmittance measurement method
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Fig. 3 Atmospheric transmittance measurement system and spectral response of the camera
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Fig. 4 Absolute radiometric calibration of the camera
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Fig. 5 Calibration results of the camera (aperture 16-8 and exposure time 2 500 ps)
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Fig. 6 Converting original image into radiometric image through calibration data
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Fig. 8 Atmospheric transmittance obtained by the proposed method compared with visibility meter

R 1 2016 F 6 B 13 B E &R & i8] K 18 5z b 2 B9 L J0 B2

Images time and visibilities at corresponding time on 13th June in 2016

Date

06-13

Time 9:40 10:2010:4011:14 11:3312:1212:4513:1013+:4114:1014:40 1513 15:40 1616 16 : 46

V/km 11.2

12.5

13.9

16.0

18.2

21.2

24.6  26.5 25.4 19.5

22.2 2

0.8 18.7 19.0 19.5

MK &5 SR AT DL B, AR SO i AR Y — K AN R I 2 KR i R SRR L B A 4 R A O R BTE
1 km.4 km F1 6 km 2043518 0. 95.0. 89 Fl1 0. 89, - 35 AH X i 25 43 3 hy 526 .13 %0 1 20 %6, ¢ 115 1) 1 5 =X
I DL B2 A3 Ay Ry 30 B o5 M B L AR AR S5 AR KA A BRI R KA T 2450 5 RIVHKE SR 38 B 0 8 45 3] A9 K3
Mt 2 F5O6H L0 i A R 4345 B [R) BE B8 1 A9 KA 1 8, 1% 0 T J IR B B T DA R B A L T AR I R S Ak
T KA AFTEA T S P L 304 1 B a5 00 AR B A BE AR 2 4 A B B R A4 AT 7= A 55 K A 25 AR
SOOI R R AR R AR DR AR ARG L B B AR AR RGBT R AT — R AN R E R AE A R0
RS 1 i R AR B

B9 25t 2016 4F 3 A ~4 F AR H AR A SCO7 6 4R 45 10 KA 0 56 55 A8 L B 425 R i X LE » R

BRI [ 5 AH VL A5 220 1) RE DL E 3% 2 B A IR R BUM B 7 5t 1 km 4 km A1 6 km 4b = A4~ diL Y

H A5 X . A

X2 AT LA B A SCO7 R AR B R [R] H RSB 1 5 68 LAY 5 SR A A ¢ R EFE 1 km 4 km A1 6 km
Qb 4350 0.89.,0. 93 Fl 0. 89, -4 AH X i 22 4351 >~ 9 %6 .15 %6 F1 30 %6.

0.80 - 05 0.25
075 b 7=0.89 e 7=0.93 7=0.89
: R=9% 04t  R=15% | 020f  R=30%
070 L
I .- £ 03} 2 0.15¢ -
L 065 2 e X .
S 0601 Iy 02} e 0.10} D
0.55} o0 e
050 }.- (UL A 0.05F _.o="
=0T T,=1.137,,-0.028 . T,=0.78T,,+0.047 = T,=0.587,,+0.024
045 1 1 L L 0 1 1 1 1 O Y 1 1 1
0.45 0.55 0.65 0.75 0 0.1 0.2 0.3 0.4 0.5 0 0.05 0.10 0.5 020 0.25
Tung Tung Timg
(a) 1km (b) 4km (¢) 6km
B9 RAXFFEHARABIRMNELERE i LE U
Fig. 9 Atmospheric transmittance obtained by the new method compared with Visibility Meter
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Table 2 Images time and visibilities at corresponding time from March to April in 2016

Date  03-25 03-28 03-29 03-30 03-31 04-01 04-08 04-21
Time 09:35 09:58  09:42 10:21 12.21 09:28 13:46 13:21 14:05
V/km 23.8 15.2 16. 8 14.1 9.3 8.4 16. 2 17. 8 16. 3
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Fig. 10 Atmospheric transmittance obtained by the new method compared with Lidar
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Table 3 Images time and visibilities at corresponding time on 29th April in 2016

Time 08:5809:1109:2209:4210:0310:1810:37 10:4010:5010:5911:1111:2011:3211¢:4011°:

Time 11:5912:2212:3012:4312:4913:0113:1013:2013:3413:4114:0214:1014:29 14:4114::

5
VIS/km 8.3 8.2 8.6 8.7 8.4 9.7 9.3 9.8 14.1 15.3 16.0 17.0 17.6 19.0 19.3
5
VIS/km 19.7 22.7 22.2 22.9 22.7 20.8 21.2 24.1 26.7 27.6 26.6 26.6 26.2 30.3 27.1

Time 14:5915:1415:1915:29 15:39 15:50 16 : 01 16 : 10 16 : 19 16 : 32 16 = 40 16 : 48
VIS/km 29.7 28.6 30.2 29.3 28.2 30.0 29.4 29.2 28.5 28.3 26.3 28.3
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