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Introduction & Motivation

Snapshot Compressive Imaging (SCI):

→Capture a full hyperspectral (HS) cube into a single 2D Snapshot

A fundamental Local-Global 

Dissonance

Imaging 

Forward 

Process

(Modulation)

Coded Aperture

(Dispersion)
Wavelength-

dependent shear

(Integration)

Spectral sum

Locally modulated measurements vs. Globally entangled 

spectral structures

HSI Reconstruction: A severely ill-posed inverse 

problem due to  information loss and noise



Limitations of Existing Methods

CNN-based methods:

Strong local modeling but weak long-range spectral 

spatial reasoning

Transformer-based Methods: 

Global attention amplifies artifacts and destroys  mask-

guided local structures under compressive sensing

Hybrid models: 

Local and global representations are loosely coupled  and 

not aligned with CASSI physics.

Existing unfolding priors: 

Lack physics consistency, causing unstable  optimization 

under severe under-sampling



Proposed Method

HSRA (Hierarchical Scale-Reconciling Architecture) : 
A physics-consistent multi-scale prior

->Progressively reconciles local sufficiency and global coherence 

according to the CASSI forward model

MK-PTM:  Preserves fine local spectral–spatial details 

 via multi-kernel local mixing

LWIM:      Enables efficient mid-scale latent interaction

 for dispersion-aware reasoning

HM-SSA: Progressively expands attention granularity

 for Stable global coherence
○



Proposed Method

Using HSRA

Data Fidelity Update
(Physical-Driven)

Consistency with 

CASSI measurement

𝑋𝑘+1 = 𝑍𝑘 − 𝜇𝒜𝑇(𝒜𝑍𝑘 − 𝑌)

Prior Update
(HSRA Network)

𝑍𝑘+1 = 𝑓𝜃
𝑘+1 (𝑋𝑘+1)

Scale-aware reconciliation
(Local -> Mid -> Global

Instead of uniform global modelling,  HSRA performs progressive scale-aware reconciliation:

Local Sufficiency  ->  Mid-scale Interaction -> Global Coherence

HSRA is embedded into a physics-consistent deep unfolding 

framework

Key Insight



Hierarchical Scale-Reconciling Architecture

𝑋𝑘+1

Stage 1 of Encoder   

MK-PTM: Local  sufficiency

LWIM: Mid-range interaction

Other Stages of Encoder/Decoder 

 HM-SSA: Global structural 

coherence



Hierarchical Scale-Reconciling Architecture

MK-PTM HM-SSALWIM 



Experimental Results

Dataset:  CAVE (Training), 10 Scenes from KAIST (Test)

                   5 Real Snapshot Measurements Three Model Variants   

Comparisons of End-2-End Methods on Simulated Dataset           



Experimental Results

Dataset:  CAVE (Training), 10 Scenes from KAIST (Test)

                   5 Real Snapshot Measurements

Comparisons of Deep Unfolding Models→ New SOTA

Best Overall: 39.81 dB/ 0.982  (HSEA-4stg)



Experimental Results

Visual Comparisons:  Three bands and Difference Images



Experimental Results: Ablation Study

Ablation Study: Introduce scale-specific evaluation metrics to 

quantitatively analyze representation behavior across different regimes

SAM:  Local spectral fidelity at the pixel level

 LPSNR (8/16):  Mid-scale structural consistency over 

                            different local regions

 ERGAS:  Global spatial-spectral coherence->measuring the overall 

                   consistency of reconstructed HS structures
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Takeaways

✓ Addresses the fundamental Local-Global 

dissonance in CASSI

✓ Physics-consistent, hierarchical, and scale-

reconciling

✓ Superior accuracy, robustness, and efficiency

✓ General and extensible to various inverse imaging 

tasks

Code will be publicly available at: https://github.com/hanxhua1216/HSRA



Thank You
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