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2. Butterworth as Attention

Existing FFT-based methods naively transplant spatial operators (convolution or self-
attention) into the frequency domain, ignoring its fundamental structure:
• Convolution assumes translation invariance → causes ringing artifacts.
• Self-attention splits the continuous spectrum into patches → destroys spectral 

continuity, introducing grid artifacts.

Applying the identity x = eln x and rearranging reveals a Sigmoid structure:

3.Method: Anisotropic Butterworth Fusion Network

Overall pipeline
• LMS + PAN → concatenate → 3×3 Conv → N stacked SFBs → HRMS 
• Each SFB = BAM (replaces self-attention) + LeFF (locally-enhanced FFN)

Dual-branch BAM
• Global path：One anisotropic Butterworth mask over the full feature 

map — captures holistic structure
• Local path：Patch-level filtering guided by BTI — models regional 

directional textures via O(N log N) token interaction
Outputs fused via learnable per-channel weight wg

Key advantages
• Global receptive field — no local window limitation
• Direction-aware filtering — adapts to dominant texture orientation 
• O(N log N) complexity — cheaper than standard self-attention O(N²)

OPEN TO OPPORTUNITIES

4. Experiments & Results
• Achieve SOTA on all three datasets,outperform competitors in 

three metrics, using only 0.26M parameters and 12.64G FLOPs.  
Report inference latency and peak GPU memory on RTX 5060 Ti.

• Produces sharper edges and cleaner textures. Residual maps 
show the lowest error intensity among all compared methods. 

• The BAM backbone achieves 81.31% Top-1 accuracy with fewer 
parameters than most baselines in classification
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OPEN TO OPPORTUNITIES

• Reformulating the Butterworth Filter. The classical Butterworth low-pass 
filter is defined by its transfer function in the frequency domain:

Query → D₀ (cutoff frequency)

Key → 2n (filter order)

Value → Spectrum X (FFT)

Positional Encoding → 2n·ln D(u,v) 

• From Isotropic → Anisotropic. The standard Butterworth filter has a circular 
(isotropic) passband — treating all orientations equally. We generalize via a 2D 
rotation:


