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Motivation
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Challenge I – Reverse Gaussian Properties

Challenges

• Error bound between ! "#|"% and estimated &! "#|"%
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Challenge II – Singularities
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• When - = >, => = 0, !" #$ #& will encounter a singularity divided by 0. 

• When , = @, A → 0, +@|- = 0, !" #$ #& will encounter a Gaussian with zero 
variance, i.e. a singular distribution. 

• Singularities at - = > or - = @ during reverse process.  
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Reverse Gaussian Properties

Reverse Gaussian Properties

Proposition 1 (Error Bound Estimated by !"|$ ). ∀& ∈ (0, 1),	 ∃/ ∈ (&, 1) and 

0 > 0, such that ∀2 ∈ (&, /], ∫ℝ6 |7 8" 8$ − :7 8" 8$ |; <= < 0 ?=|@. 
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Error Bound

Proposition 2 (Error Bound Estimated by S"). ∃T ∈ (0, 1) and 0 > 0, such 
that ∀T ≤ & < 2 ≤ 1, ∫ℝ6 |7 8" 8$ − :7 8" 8$ |; <= < 0 O=. 



Sampling at ! = #
Singularities

• Sampling process:
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1 = 1, 3! = 0, resulting in a division-by-zero singularity. 

• Singularity is removable:
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Replace --prediction with x-prediction at 1 = 1, i.e., estimating CD E#, # .



Sampling at ! = #
• When $ = 0 and t is small, &' ()|(+ degenerates into a singular

&' ()|(+ = ,(() − /01)

distribution, a Gaussian with zero variance:

Where 3) = argmin: |(+ − ;+/0| .

• This singularity directs the sampling process to converge at the correct

point /01 = =/ (), 0 , which is no need to avoid.
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Experiments – Average Brightness Issue

Table 1. Comparison of average brightness.

Figure 3. Comparison of stable diffusion models and SingDiffusion on average brightness issue.

Experiments



Experiments - FID v.s. CLIP
Table 2. Comparison of stable diffusion model and SingDiffusion
on FID score and CLIP score without classifier guidance.

Figure 4. Comparison of Pareto curves between SingDiffusion, SD-1.5, and SD-2.0-base on 30k 
COCO images, across various guidance scales in [1.5, 2, 3, 4, 5, 6, 7, 8].
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Experiments - Plug-and-Play

Figure 1. Our method can be trained once and seamlessly integrated into different pre-trained models in 
a plug-and-play fashion.
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Experiments – Integrate with ControlNet

Figure 8. SingDiffusion integrates seamlessly with ControlNet.
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https://pangzecheung.github.io/
SingDiffusion/
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