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Background

ØImaging Process[2]

[2] D. Hong et al., “Interpretable Hyperspectral Artificial Intelligence: When nonconvex modeling meets
hyperspectral remote sensing”, in IEEE Geoscience and Remote Sensing Magazine, 2021.

ØObserved RS Images

Sentinel-2 Landsat-8

According to the research [1], the cloud covers approximately 35% of the
earth’s surface in anytime.

[1] Junchang Ju, David P. Roy, “The availability of cloud-free Landsat ETM+ data over the conterminous
United States and globally”, Remote Sensing of Environment, 2008,
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Background

ØExisting Thick Cloud Removal Methods 

• Can handle the large thick cloud contamination

Spatial information-based methods

Spectral information-based methods

Temporal information-based methods

Hybrid-based methods

Auxiliary 
information 



Background

• Can not achieve a more ideal cloud removal 
when the mask is inaccurate

Given mask?
Non-Blind

Blind

[3] Yong Chen, Wei He, Naoto Yokoya, Ting-Zhu Huang, Blind cloud and cloud shadow removal of
multitemporal images based on total variation regularized low-rank sparsity decomposition, ISPRS Journal of
Photogrammetry and Remote Sensing, 2019.

• Low-rankness is not strong.

• Discard all given mask information

ØExisting Thick Cloud Removal Methods 

n TVLRSDC model [3]
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Methodology

ØAim:  Thick cloud removal for remote sensing image

Hybrid-based + Semi-Blind Method

ØQuestion

n Is there any latent relationships between the multitemporal RS images,
which can be exploited to finely reconstruct themultitemporal information?

n How to make a balance between the nonblind methods and the blind
methods to achieve the reasonable use of themasks that comes with RS
imagery products?



Methodology

ØInspiration [2]

Inspired by unmixing , as the distribution of surface material is constant
over a period and the same material shows different spectral signatures
at different time nodes, the multi-temporal images in the same scene
share the same abundances.

[2] D. Hong et al., “Interpretable Hyperspectral Artificial Intelligence: When nonconvex modeling meets
hyperspectral remote sensing”, in IEEE Geoscience and Remote Sensing Magazine, 2021.



Methodology

ØKey Observation

Then, we use a coupled tensor factorization to explore this relationship, 
which decomposes the image at each time node into an abundance tensor 
that implies material distribution and orthogonal endmembers. There is a 
strong similarity between abundance tensors over a period.



Methodology

ØProposed Method

• Degradation model

ØDeveloped ALM algorithm

• Decomposition model

• Proposed Model



Methodology

Ø Key Observation

We embed the cloud/shadow detection (Algorithm 1) in each iteration of
Algorithm 2 to refine the mask. The refined mask will help to introduce true
information from observed images for multi-temporal feature learning.

ØMask Refinement
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ØDiscussion



Methodology

ØFlowchart
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Experiment

ØSimulated Experiment

n Dataset



Experiment

ØSimulated Experiment

n Accurate Mask



Experiment

ØSimulated Experiment

n Inaccurate Mask



Experiment

ØReal Experiment

n Dataset



Experiment

ØReal Experiment

n Inaccurate Mask



Experiment

ØReal Experiment

n Large Scene
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Conclusion

ØNew Perspective:

ØSemi-blind Decloud
A balance between the non-blind and the blind.



Conclusion

Thanks!
Jie Lin
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