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Core Problem: How to recover 3D spectral cube from the 2D measurement?
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Data Subproblem

Overview

!Φ = Φ+ 𝑅(𝑦,Φ)



Prior Subproblem
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Quantitative Results:

Qualitative Results:
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Introduction

Existing methods

- Model-based methods: handcrafted priors result in limited modeling capabilities.

- End-to-End Neural Networks: powerful modeling ability, but design a powerful architecture is non-trivial.

- Deep Unfolding methods: heuristically design a neural network using the model-based method .

Core Problem: How to recover 3D spectral cube from the 2D measurement?



Introduction

The reconstruction problem of the CASSI system is a ill-posed problem:

y = Φ𝑥 + 𝑏

Where Φ is the sensing matrix, typically treated as the sum of the shifted mask, implemented in a operator.

Deep unfolding methods typically solve the problem under a MAP framework:

-𝑥 = argm𝑎𝑥! log p x y) = argm𝑎𝑥! p y x) − argmax! p(y)

Energy function:
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# + 𝜆𝐽(𝑥)

Deep unfolding methods decouple it into a data subproblem and a prior subproblem:



Introduction

Data subproblem and Prior subproblem corresponding to the Gradient Descent and Proximal Mapping of PGD

Data subproblem is highly related to the degradation process !Φ，the ways current methods acquiring the degradation 
matrix can be classified into two types:

l Treat sensing matrix Φ as the degradation matrix !Φ
There exist a gap between sensing matrix 𝚽 and

degradation matrix !𝚽 due to device errors

l Using a network to estimate the degradation matrix !Φ It is challenging to directly estimate degradation
matrix !𝚽

In the prior subproblem, it is important to design a suitable model to jointly exploit both spatial and spectral priors. 



Method
Data subproblem(Gradient Descent， GD):

!Φ = Φ+ 𝑅(𝑦,Φ)



Method
Prior subproblem(Proximal Mapping， PM):



Method
Prior subproblem(Proximal Mapping， PM):
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Spectral Self-Attention:



Experiments

Simulation Experiments

Real Experiments

Training on simulation data: CAVE datasets, 28 wavelength, 450nm to 650nm
Testing on simulation data: 10 scenes from KAIST datasets

Training on simulation data: CAVE and KAIST datasets, 28 wavelength, 450nm to 650nm
Testing on real data: Real measurements are captured by SD-CASSI system 

CAVE KAIST Real Measurements



Experiments

Table 1. The PSNR (upper entry in each cell) in dB and SSIM (lower entry in each cell) results of the test methods on 10 scenes.
RDLUF- MixS2 significantly surpasses other competitors. 

Simulation Results

6.94dB
5.23dB

4.39dB
3.45dB

1.21dB



Experiments

Simulation Results

Figure 5. Comparisons of reconstructed HSIs use 4 out of 28 spectral channels in Scene 5. We evaluated 7 SOTA methods alongside the proposed approach 
RDLUF-MixS2 with 9stage. Our method’s results are most clear. The region within the green box was chosen for the analysis of the reconstructed spectra. 
Zoom in for a more detailed examination. 
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Figure 7. The results of the reconstruction, the visualizations of Φ, the residual R(y, Φ), and the corrected !Φ are 
presented. Please note that the visualizations are normalized and the residual response is actually small. 

Simulation Results
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Real Results

Figure 6. Real HSI reconstruction comparison of Scene 3 and Scene 4. 4 out of 28 spectra are randomly selected. 
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