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hr-MSI
(Multispectral image with high 

spatial resolution)

lr-HSI
(Hyperspectral image with low 

spatial resolution)

hr-HSI
(Hyperspectral image with high 

spatial resolution)

Fusion

➤Hyperspectral image super-resolution(HSI-SR)

• Recover the ideal hr-HSI from 
hr-MSI and lr-HSI.

• Fuse the spatial information 
from lr-HSI and the spectral 
information from hr-MSI. 
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➤Challenges
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scenario

lr-HSI

hr-MSI

Complex and dynamic 
degradation in imaging

Urgent need for 
stability

mismatch

Complicated 
network structures in 

previous works

Limited computation 
resource on satellite

Clear insight of network 
modules: interpretability

The necessity of 
lightweight



➤Main idea
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Lightweight HSI-SR with Spectral Mixing Degradation Estimation

Abundance

HR-MSI HR-HSI

LR-HSI

HR-MSI

Degradation-aware fusion: 
The guidance of the estimated 
degradations shrinks the space of 
recovery, hence improving the 

Stability

Spectral mixing mechanism: 
Through merging the physical prior 
in network design, approve  

Interpretable fusion

Single autoencoder: 
Implement the unmixing mechanism 
through an autoencoder with only 5 
convolution layers, realizing a  

Lightweight model



➤Results
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Our approach outperforms 
state-of-the-art by a large 
margin in fidelity and 
efficiency. 
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➤Main challenge: Stability
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scenario

lr-HSI

hr-MSI

Dynamic degradations:  

Utilize a fixed degradation parameter 
during training and test

Apply the learned degradation 
parameters during testing

Learn degradations adaptively during 
both training and test

 Guide the fusion with learned 
degradation to reduce the solution space

Previous
methods



➤Main challenge: Interpretability & Lightweight
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Previous methods with 
complex networks

Treat HSI-SR as a black-box optimization, 

leading to poor interpretability
Complicated network architectures 

results in high computation burden

…

Different materials with individual spectrums

Spectral mixing

HR-HSI

Simulate the inherent spectral mixing mechanism 

during fusion, bring clear insight in network 
structure

 With the guidance of physical prior, simple
network can achieve efficient recovery 



➤Main idea: Degradation-aware fusion
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(a) Recover hr-HSI

Fusion Module




HR-MSI
Estimated
HR-HSI

Establish a positive loop between fusion and degradation estimation



➤Main idea: Degradation-aware fusion
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(a) Recover hr-HSI

(b) Estimate degradation parameters

Fusion Module
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➤Main idea: Degradation-aware fusion
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(a) Recover hr-HSI

(c) Update fusion module under the learned degradation (b) Estimate degradation parameters

Fusion module

Fusion Module
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➤Main idea: Spectral mixing mechanism
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(a) Recover hr-HSI

(c) Update fusion module under the learned degradation (b) Estimate degradation parameters

Fusion module



Fusion Module
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category codes

φa

φe

{ },θ µ σ= Λ ,
HR-MSI

LR-MSI

Generated
LR-HSI

Generated
HR-MSI

Reconstructed
LR-HSI

Estimated
HR-HSI( ), I0

Utilize the inherent physical prior in HSIs and implement with a single 
autoencoder



➤Results

Toward Stable, Interpretable, and Lightweight Hyperspectral Super-resolution
Wenjin Guo · Weiying Xie · Kai Jiang · Yunsong Li · Jie Lei · Leyuan Fang

Our method is remarkably superior 
to other methods in stability

The fusion module in our methods 
simulates the spectral mixing mechanism 
precisely

Our method surpass other 
methods in scale, 
computation complexity, 
and time consumption 
with a large margin. 
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