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Fig. 2 Panoramic image after image calibration

T D0 50 06 B 0 AT R L R s M s Y I Ol 1 O
ASEBIET 0. Wi rF S G R RS
CIESG IV PNCY S VI TR R/ PSS ag s
AR SR T B R S 1) J7 26 6 0 e HE 5 1) 4 5t UG R A T
o K AR B AT T A DX AE R TR R
P K7 S AR L AR AR o RIS R A A 3 P
Z

ZJE 2 PG AT SR G i i Ak B B R

HAENR R AR S — 4RI R G B il 1 fie /)M E
B HAF N — M 5 I 23 B R — B B AR L D
o ) 4 S TR Y g e T PR Cn 18T 4 BT R )

ot 5 B g 1 B U S A KGO 35
B FEUR IR B I R 00 A B H A A — R 5
O3 PR — SO R B A AT B 4 R BRI RS
3R A CAn &L S ) o FHT IS o3 5 B A
AT X481 . o SR I 9y X1 R A S - 341

K3 g B S

Fig. 3 Segmentation result of panoramic image
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Fig. 4 Dark channel of panoramic image
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Fig.5 Transmission maps of panoramic image
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Fig. 6 Region for calculating of average image transmission
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Fig.8 Comparison diagram between estimated value and measured value from Jul 2016 to Oct 2016

(a)comparison diagram of all results, (b)low visibility comparison diagram, (¢) medium visibility

comparison diagram, (d)high visibility comparison diagram, (e) comparison diagram of

results in summer, (f) comparison diagram of results in autumn
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Abstract

The proposed visibility estimation method is a curve fitting algorithm, which establishes a relation be-
tween the image’s atmospheric transmittance and atmospheric visibility. Firstly, the total-sky image is
captured by the digital total-sky image visibility experimental platform. The core unit of this platform is a
digital camera equipped with a fisheye lens, and the camera is placed vertically towards the sky. The plat-
form can collect a total-sky image at specified time interval, and then the original image is transferred to a
computer for image processing. In particular, the total-sky image needs to be converted into a panoramic
image using an image calibration algorithm, and the panoramic image contains most of the near-surface im-
age information. Next, the panoramic image is used to compute the visibility. Some visibility-related image
features are extracted from the panoramic image firstly. The image’s atmospheric transmittance can be cal-
culated using dark channel prior theory. The relationship between the atmospheric transmittance and at-
mospheric visibility can be established by curve fitting method, and the initial visibility estimate model
based on total-sky images is achieved. The model can be improved by combining a number of field experi-
ments. Finally, the retrieved visibility is calculated by importing the real-time total-sky image into the
model.

Results show that the basic trend of visibility data from total-sky visibility estimation model is consist-
ent with that of the forward scattering visibility meter through the comparative test and calculating correla-
tion coefficients. The trend is most noticeable in low or medium visibility. However, as the visibility in-
creases, the consistency decreases because of more fluctuation. As the forward scattering visibility meter
used to establish the model whose measuring range is from 0 to 35 km, estimate model results are generally
less than the measurement of forward scattering visibility meter especially when the visibility is high. In
general, the basic trend of visibility data of total-sky visibility estimation model is consistent with that of
the forward scattering visibility meter when the global atmospheric light is well-distributed and there is no
underexposure or overexpose. The correlation coefficient between results of two methods is close to 1,
which also means that the consistency between the two methods is good. In addition, the image features
used in this method do not depend on a certain point in the image, nor are they limited to a certain range of
visual distance. At the same time, there is no need to use manually set target or to fix a particular build-
ing, which makes it easier for observers to select the appropriate direction to measure visibility accurately.
The proposed method has advantages of high measurement accuracy and large sampling range and can be

used as a supplementary observation method of the traditional forward scattering visibility meter.
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