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Challenge:
DPM Lacks 
Efficiency



Challenge 2:
Small Diffusion
High-frequency Deficiency

DPM Lite DPM*

274.1M #Param
96.1G MACs

22.4M #Param
7.9G MACs

Spectral DPM (Ours)

21.1M #Param
6.7G MACs

Smaller #Params(M)

Better
FID

①
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(Ours)



Frequency
Analysis
1. Spectrum Evolution
• Low to high 

recovery
2. Frequency Bias
• Deficiency on Long-

tail patterns



I. Spectrum Evolution
Simplified Assumption: Linear 
Filter, additive Gaussian, wide-
sense stationary signal
Weiner Filter



I. Spectrum Evolution



II. Frequency Deficiency



II. Frequency Deficiency
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Diffusion with Small Model
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Diffusion with Large Model

M
ea

n 
Fr

eq
ue

nc
y

Pr
ob

ab
ili

ty
 P

("
[!
])



Our solution:
Spectral
Diffusion

DPM Lite DPM*

274.1M #Param
96.1G MACs

22.4M #Param
7.9G MACs

Spectral DPM (Ours)

21.1M #Param
6.7G MACs

Smaller #Params(M)

Better
FID

①

②

(Ours)



Module 1 Wavelet Gating

Make Diffusion Dynamic, to tackle Challenge 1



Module 2 Distill High-Frequency

Boost High-Freq, to tackle Challenge 2



Quantitative Results



Quantitative Results



Visualizations: CelebA-HQ



Visualizations: FFHQ



Visualizations: ImageNet



Ablation Study



Ablation Study

+ Lite-LDM lacks
recovery for high-freq

+ Our SD gets better
high-freq
reconstruction



Thanks for Listening


