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Model-Driven

» Inherent Characteristics » Powerful Feature Expression
> Sensitive Parameter > Large Training Labels
» Complex Optimization > Overfitting Effects

Complementing Each Other for Thick Cloud Removal?

Model-Driven Data-Driven
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Methodology

Notation & Preprocessing
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Cloud Location

Cloud Detection (1!

[1] Li et al., /SPRS P&RS, 2019.
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Tensor-Product
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Deep Spatio-Temporal Prior
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Network Training

Jointly Global-Regional Loss:
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Methodology

ADMM Optimization

Algorithm 1 Combined Deep 3D Spatio-temporal Prior with Low-rank Tensor SVD for Thick
Cloud Removal via ADMM

Input: Time-series cloudy images ), corresponding cloud masks M

Initialization: )’ = (1 - M) V. X3 =)" 0" =0, =0.02, fpax = 1.7 = 1.3, = le =5,
k=1, k. = 20
r------------------
1. while not converged and k < k., do k-1 k-1 k 1
e V=X -1/ g QT
2: Updatingd , S ,and V' via(7)to (11) '-——————————————————

(8]

8:

Updating Z* via (12)

1Q" =Q" 7+ - (V" - L)

Updating XJ via (14) o i i i o o o e e e

Updating P* via (13)

Updating Yk, QF, and 5% via (15), (16), and (17), respectively

Ik — 25,/ A5, < = sopieration p=m======mmmmmmmm o

b=k 41 |ﬁ —mm(ﬂ ﬂklﬂmax)l

9: end while

Output: The construction cloud-free result X=X}
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Experiments

Simulated Results (Sentinel-2 MSI)
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B Experiments

Evaluation Indexes

Evaluation indexes of Sentinel-2 MSI simulated experiments 1

Cloudy 0.6628 0.7845 0.1983 9.6431
HaLRTC 0.7857 0.8563 0.1246 6.2878
TNN 0.9553 0.9386 0.0571 1.4984
PSTCR 0.9648 0.9412 0.0509 1.2375
Proposed 0.9817 0.9658 0.0383 0.9424

Evaluation indexes of Sentinel-2 MSI simulated experiments 2

Cloudy 0.6448 0.7535 0.2129 8.2129
HaLRTC 0.7689 0.8346 0.1453 5.2369
TNN 0.9163 0.8826 0.0837 1.6856
PSTCR 0.9675 0.8943 0.0558 1.5294

Proposed 0.9842 0.9359 0.0426 1.1828
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Experiments

Real Results (Sentinel-2 MSI)
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Experiments

Parameter Sensitivity
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Conclusion

» Combining Deep Spatio-temporal Prior with Low-Rank Tensor SVD
(DP-LRTSVD) for thick cloud removal in multitemporal images

> DP-LRTSVD jointly utilizes the low-rank characteristic and deep
spatio-temporal prior under the ADMM optimization framework

» DP-LRTSVD can simultaneously deal with time-series cloudy
Sentinel-2 images, without ensuring cloud-free image

We have released our time-series cloudy Sentinel-2 dataset
(including cloud/shadow mask) at https://qzhang95.github.io!
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Qiang Zhang
https://gzhang95.github.io

LIESMARS, Wuhan University
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