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Background & Motivation 

Background: Current SR research seeks to expand

receptive fields while maintaining efficiency.

Motivation: 

CNNs — restricted to local receptive fields; miss long-range

self-similar patterns.

Transformers — model long-range dependencies but suffer

quadratic complexity in memory and computation, limiting

scalability to high-resolution inputs.

Linear Attention — reduces computational cost but suffers

from rank collapse, degrading representation quality.

 Our model combines all of this to expand the receptive field

efficiently and without sacrificing feature diversity.

Our Contribution

 Hedgehog Attention boosts feature rank in linear attention

for richer, more expressive representations.

 Semi-sharing distillation balances shared and task-specific

weights, achieving strong SR performance with fewer

parameters and lower compute cost.

 UCAN unifies Flash Attention, Hedgehog Attention, and

multi-kernel convolution to capture both local and global

dependencies efficiently.

UCAN

High performance attention

Flash Attention enables exact large-

window attention (32 × 32 ) with lower

memory and faster execution, replacing

standard O(𝑁2)window attention

Hedgehog Attention (HgA)

• Fixes rank collapse in linear attention

using the Hedgehog Feature Map.

• Symmetric exponential pairs preserve

both positive and negative projection

directions.

• Achieves feature rank up to 46,

exceeding compared methods

Large Kernel Distillation (LKD)

• Splits channels: heavy computation

only on fine-grained subset 𝐶𝑓𝑔 =

max 𝐶/4,16

• Three parallel branches: Channel

Branch + Local Context Branch +

Hierarchical Large Kernel Branch.Semi-sharing Mechanism (BERFG)

SHA computes full attention and shares

the attention maps 𝐴𝑞𝑘 , 𝐴𝑚𝑎𝑝 with RHA,

eliminating redundant recomputation.

This semi-sharing strategy maintains

strong feature representation while

substantially reducing computational

cost.

Architecture Overview & Complexity

Core encoder: HPA (local) → SHA/RHA

(global) → LKD (spatial refinement).

Linear complexity with 𝑂 𝑁 and Flash

Window attention.
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