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| Motivation — Average Brightness Issue
Prompt: Solid Black background Prompt: Solid White background
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Stable Diffusion  SingDiffusion Stable Diffusion  SingDiffusion

Prompt: Anne Hathaway, Wedding Dress, White Background, Studio

Original Model SingDiffusion (Target)
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| Challenge | — Reverse Gaussian Properties

* Error bound between p(x;|x;) and estimated p(x¢|x;)
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| Challenge 11 - Singularities

* Singularities at t = 1 or t = 0 during reverse process.

* Whent =1, a; =0, p(xg|x;) will encounter a singularity divided by 0.

 Whens =0,t -0, 0¢; = 0, p(xs|x;) will encounter a Gaussian with zero
variance, 1.€. a singular distribution.
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| Reverse Gaussian Properties

Proposition 1 (Error Bound Estimated by og; ). Vs € (0,1), 37 € (s,1) and
C > 0, such that Vt € (s, 7], [ [P(xs]x) — Pxg|xe)|d x5 < C [Og.

Proposition 2 (Error Bound Estimated by ay). 3v € (0,1) and C > 0, such
that Vv < s <t <1, [oqIp(xslxp) — D(xslxp)|d x5 < Cyfas.
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| samplingatt =1

e Sampling process:

2 2
_ ¢)s0s AsOt|s Xt — Ot€p (Xt t)
t t t

t =1, a; = 0, resulting in a division-by-zero singularity.

* Singularity 1s removable:

. X —oeg(xp, t) '
lim = lim y(xe, t) = N E Vi
l

t—1" Clt

Replace e-prediction with x-prediction at t = 1, i.e., estimating y(x4,1) .
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| samplingatt =0

 When s = 0 and ¢ is small, p(xq|x;) degenerates into a singular

distribution, a Gaussian with zero variance:

p(xolxe) = 6(xo = ¥jy)
Where j, = argmin [x; — a;y;]| .
j

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

point y; = y(xo,0), which is no need to avoid.
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Text-to-Image =

Algorithm 1 Training
s/ 1. repeat
2: xo, ¢ ~ p(xo,c), x1 ~ N(0,I)
3: Take gradient descent step on
- 2
Vo 5o (w1, ¢) — ol
4: until converged

Add Noise

Sampling
from x;_,

‘f ol
N

Real Iiﬁagey . . . . 0
GAP Slnngffu_swn. Algorithm 2 Sampling
X1-g = 01-¢Ye(X1,€)+01_¢Xq
1. X1~ N(O I)
2 e=1/T
N1 3 Ti—e = a1_cYo(T1,¢) + 01-cTy
Sampling 4: fort=1—-¢,...,edo
-~ Text-to-Image . .. .
from x4 5: Calculate z;_. using existing sampling
Gaussion —ponkeide: | n l _____ T algorithms
“black/white dog, 6: end for

black/white background”
D hEEEEEECRNESEE : 7. return x
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| Experiments — Average Brightness Issue

Monochrome linc-art logo  Monochrome line-art logo
on a white background on a black background

Monochrome linc-art logo  Monochrome line-art logo
on a white background on a black background

Solid white background Solid black background Solid white background Solid black background

+ SingDiffusion

@

Stable Diffusion 1.5 Stable Diffusion 2.0-base

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

Table 1. Comparison of average brightness.

O A18 Yo o 15 “Monochrome “Monochrome
Model Solid white "Solid black | ;a5 logo on a_| line-art logo on a
background” (background” white hacKeround ’[black backgground”

SD-1.5 | 141.43 | 83.09 7805 113.66
+Ours | 212.59 | 3.04 223.68 11.52
SD-2.0-base| 150.52 | 99.67 136.13 104.45

+Ours | 22743 | 0.29 228.68 10.87
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| Experiments - FID v.s. CLIP

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

Model SD-1.5 SD-2.0-base
FID| CLIPT | FID| CLIP?
Original 31.86 26.70 | 25.17 27.48
+ SingDiffusion | 21.09  27.71 | 18.01  28.23

1 A —e— SD-1.5 + SingDiftusion ‘ ‘ —e— SD-2.0-base + SingDiffusion ‘
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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]. I
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Emma Stone, Annc Hathaway, Elon Musk, In a

| Christmas Eve, Elon Musk i Cillian Murphy, |
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g | Town, Dark Night,| Polar B‘ear. 3 Bgnﬁre, i Dog, White St_any Sky, Weddlng Dress, Sark Studio, | Studio, White ::Deep Sea, Glowing White Gt PG
o | | Snowficld i Midnight i Background Medieval Queen, White Background, Black i i Jellyfish |
- House, Snow | | A ! Background ! White Suit, Bust
i i i Moon Studio Background i

Original

+ SingDiffusion

Stable Diffusion 1.5 Stable Diffusion 2.0-base NED Model on CIVITAI  Elon Musk Model on CIVITAI MixReal Model on CIVITAI

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

| Experiments — Integrate with ControlNet

Handsome Man, Solid Black Backgrond

Pose

Lineart

PR| CVPR C VPR
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Depth

Condition SD-1.5 + SingDiffusion

Figure 8. SingDiffusion integrates seamlessly with ControlNet.
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