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RESCINAG IE , 35 A 45 JE A0 S5k 1) 4 1E O 7%
F T H AR A I J7 15 RN 635 AR 4 1 12 1E
oo FETUR AR L BRI = % AR,
3 A1 A AC AR A5 2 0 344 e v AR R S LR AR OE
(Shen%§, 2014; Liu%, 2014)., T =ZUHEE
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b, IS EAL 45 5 BOE g mi A . 28 1, B
ARTFHEIHMEENaERIEFREHZR TR,
VA 05N i B Ta) B AR DG, S 304 R R Ol
T AR (), DR B R O S B (RORS . A
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13 and 23
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Fig. 1  An example of a clear GF—-5 AHSI image (red: band
61, 647.076 nm; green: band 38, 548.666 nm; blue: band
23, 484.462 nm) and the corresponding ground radiance
scatter plot between bands 13 and 23
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Fig.2  GF-5 AHSI thin cloud image (red: band 61, green:
band 38, blue: band 23) and the corresponding RCR
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Fig. 3 Hierarchical statistical results between RCR and 13"band, 23", 38", and 61" band
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Fig. 4 Experimental comparison of synthetic GF-5 thin cloud image (red: band 61; green: band 38; blue: band 23)
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Table 1 Quantitative assessment of different thin cloud

removal results
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Fig. 5 Experimental comparison of four real GF-5 thin cloud images (red: band 61; green: band 38; blue: band 23)
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(¢) Spectral profile of point C before and after the correction
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(b) Spectral profile of point B before and after the correction
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(d) Spectral profile of point D before and after the correction
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Fig. 6 Comparison of spectral profiles of different land covers before and after the correction
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(y + 1 + )0, +0; +¢y)

UQI = — 3Tuhobs (18)
(07 + o) (1 + 1)
K, w,, s, o, o, 20508 p Flp (- B{E 5
%5 o, REp Mp BRI 25 o Ml o, St o B
“hy O 1717 15 B8 1) 0
RN ARSI A R R 2 rn . B HOT
ZERAIH, QFE%. SSIM I UQLYE 4 4145 Kby Ny
Bl X UL ARG, BRI 3 0br BE $ TH
FER/N, B AE 45 B 5 2 A% R) 1 245 F R 4R 4
i, X5 HUWAPE L —5. IDCP I E &I 4
RSO T HOT, HAEM S5 R h R R, X5R
B IDCP MM IEZS R BTG M, 5 R R 2 A B
PIZERE AR . A SOOI SR PR, Q #8 Efi
¥ T HAWIR 7, H SSIM A UQI B 23 1.
XM E AR OB A S s T, JRER
TE 5 AR5 B2 1) [R) B AR 5 55 D R 5 15 1 45 4 A
bk

F2 EETMEREITER
Table 2 Quantitative assessment of different thin cloud

removal results

HOT IDCP KI5k
H14 42.4896 42.3953 52.0518
Hio4 11.0371 24.1645 24.6467
¢ H34 35.2549 37.8909 39.1899
Ha4 16.4698 23.5020 23.7081
14 0.8749 0.9221 0.9471
Hio4l 0.7965 0.8141 0.8973
SSIM
%34 0.8436 0.9569 0.9141
a4 0.7628 0.7825 0.8167
141 0.8475 0.9166 0.9577
W24l 0.7962 0.8138 0.8964
o H34 0.8432 0.9567 0.9139
Hag] 0.6297 0.7954 0.8566

T BRIAROR B

5 45 &

RSP T — MRS FETHE B 5 R U R
R A IE D7 %, Jd a5 o R e i S R
AU B TE] Ay v A SRR, AR TR X 2 R A T
RCR, BT Xz 2 18] 55 A % i B A R AL T 5

BEXEAS TR B 0 O R, R 0 s E AR AN
SRR LR T, AR T ] WO i B 1 4 X =
B, AT ERENESKZIE, EEHEA
[l 1 2 0 5 AHSTRAAR S50, BT i i
BRI T B MEMRSURKEE, A
TEAURRE T e KR = T, 1 HREGE A7 4L
B = XK E = X R B . e 45 2R
KF, HELISCE T RMSE, MAE, SA Fl E 52504
HQREL. SSIM A UQIAHE: T =i 1% i & k3%,
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Thin cloud correction for GF-5 AHSI visible images by combining
statistical information with scattering model

ZHANG Chi',LI Huifang' , SHEN Huanfeng'?
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Abstract: Thin clouds widely exist in the visible bands of GaoFen-5 visible-shortwave infrared Advanced HyperSpectral Imager (AHSI),
thereby degrading the data quality. In this study, a thin cloud correction method based on statistical information and scattering model was
proposed to correct the clouds and restore the surface information with high fidelity.

The proposed method combines the statistical information between two adjacent visible bands and the atmospheric scattering model
among visible bands. Two steps are included, that is estimating the Relative Cloud Radiance (RCR) and calculating the absolute radiance for
different visible bands.

For a pair of adjacent visible bands, the ground radiance of clear pixels is highly and linearly correlated. However, the linear
relationship deviates when the pixel is contaminated by clouds. The stronger the cloud contamination is, the larger the deviation will be.
Therefore, the RCR can be accurately estimated using the two adjacent visible bands of the AHSI. Relying on the RCR, different strategies
were utilized to calculate the absolute cloud radiance for different visible bands in accordance with their scatter properties. A hierarchical
dark object strategy was used to calculate the cloud radiance for the bands in blue and green spectral regions. A scattering model was
adopted for the bands in red spectral region. The cloud-free results can be obtained by subtracting the band-varied cloud radiance from
cloudy images when the absolute cloud radiance of different visible bands were calculated.

Synthetic and real experiments were conducted to validate the effectiveness of the proposed method through qualitative and quantitative
analyses. In the synthetic experiments, the cloud contamination in visible bands can be completely cleared , and the results are closest to the
ground truth compared with the two other methods. The values of root-mean-square error, mean absolute error, and spectral angle values are
only 1.9891, 1.6822, and 0.4901,respectively, which are smaller than those of the compared methods. In the real experiments, the thin clouds
in various scenes can be completely corrected, whereas the spectral characteristics of the clear regions are relatively maintained. The scores
of the Q-index, structural similarity index, and universal quality index showed that the proposed method achieve the best performance in
most cases compared with the two other methods. All the comparisons indicated the proposed method has superior cloud correction ability
for different scenes.

This study proposed a thin cloud correction method for the GF-5 AHSI visible data. The highly linear correlation between the two
adjacent visible bands can be used to accurately estimate the RCR. Various strategies were utilized to calculate cloud radiance in accordance
with the scattering properties of different bands, wherea hierarchical dark object strategy was used for the bands in blue and green spectral
regions, whereas a scattering model strategy was used for the bands in red spectral region. The thin clouds in the visible bands of AHSI data
can be completely corrected by combining the statistical information and scattering model. For various scenes, the results achieve the best
performance compared with the compared methods in terms ofqualitative and quantitative aspects.

Key words: remote sensing, GF-5 AHSI data, visible images, statistical information, scattering model, thin cloud correction
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