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1) Ho, Jonathan et al. "Denoising diffusion probabilistic models." Advances in Neural Information Processing Systems (2020).

Background

« DDPM diffusion modelsl]

- Forward process

-—

Markov property= QI3 A 0% time stepO| & x, 25 Ef cumulative noiseE 7+& == U

gjo

~xy = J@xg +J1— @ * 1} I ~N(0,1)
- Reverse process
~x; Ofl IS Z! cumulative noise €, & €g(x,, t) L2 0| 5%
- Loss

- Time step tOfl CHet & X cumulative noise2t predictiond| L2 loss function A&

_ _ 2 €. - AH| cumulative noise x; : noised O| O] X|
0t Le | €t~ €g (xt’ 3] €' Predicted cumulative noise t : time step

€; : Cumulative noise added at time step ¢
W B

' : ‘ ? | ?
I ’ €o(x;, t) : Cumulative noise predicted at time step ¢t

- Ground truth x¢  Noised image at time step t xr . White Gaussian nois
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1) Schuhmann, Christoph, et al. "Laion-5b: An open large-scale dataset for training next generation image-text models." Advances in Neural Information Processing Systems 35 (2022): 25278-25294.
2) Rombach, Robin, et al. "High-resolution image synthesis with latent diffusion models." Proceedings of the IEEE/CVF conference on computer vision and pattern recognition. 2022.

Background

« Stable diffusion
- LAION-5B!
- Text-image pair dataset & Z| 2= 2| open dataset
- Latent diffusion models(LDM)!2]

- Y= image= &2 37| 2] resolution= 7HX[= latent image 2 24

Noise Base U-net Final Image
256 256
X —_— X
256 256

<Diffusion model #+X&E>
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VAE- VAE-
Noise Encoder Latent Base U-net Latent Decoder Final Image
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1) Tumanyan, Narek, et al. "Plug-and-Play Diffusion Features for Text-Driven Image-to-lmage Translation." CVPR. 2023.

Trends in 2023

* Plug-and-play!!]

« 7| & promptE AHESt= main diffusion model %l Z=7}Z image condition=
A8t diffusion model 2 SH&SiA 283t

-Coarseet £&2 Image condition 1¢ 7} M| &St structure SE2EFH ‘49 &

v M2 A 2l detail 2 promptOf| [CH2FA] 44 A =l
Inversnon
Ongmal denoised

Input image Feature and
IG seli‘ attentlon CE P11

“A photo of a statue
in the snow”
Input edit text
’ Translated denoised

Tr_q
(a) Plug-and- Play lefusmn Features

Main diffusion model (Stable diffusion)
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Trends in 2023

« ControlNetl]

- 7| & prompt&
diffusion model=
= Main diffusion model2| == 0f Al conditioning 22| ==

Main diffusion model
(Stable diffusion)

", T L
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Prompl

ﬁ sD Fncoder Block 1 .
| Text Encoder - Bl -3

Inpul

I
_|' SD Encoder Block 2 B\

32x32 J I

Time

['I'imeEnmder | l
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] . [ SD Encoder Block 3

66 B

SD Encoder
Block_4 8x8 8|

" 8D Middle

1)

Condition

+
zero convolution
r@®

Prompt&Time 1
SD Encoder Block 1
64%64 (trainable copy)

5D Encoder Block 2
3232 (trainable copy)

|SD Encoder Black _4| 3
|8x8 (trainable copy)

5D Middle Block

SD Encoder Block 3 3
1616 (trainable copy)

a ]
Block 8=8 Bx8 (trainable copy)
zero convolution
SD Decoder a 3 ) .
Block 4 8=% zero convolution | =3

zero convolution

SD Decoder Block 3 .
1616 8"

u

SD Decoder Block_2 1 i
3232 8| -3

[
SD Decoder Block 1
6464 3] "3

(a) Stable Diffusion
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Output

zero convolution

zero convolution

(b) ControlNet
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Trends in 2023

* Plug-and-play!!]

« 7| & promptE AHESt= main diffusion model %l Z=7}Z image condition=
A8t diffusion model 2 SH&SiA 283t

-Coarseet £&2 Image condition 1¢ 7} M| &St structure SE2EFH ‘49 &

v M2 A 2l detail 2 promptOf| [CH2FA] 44 A =l
Inversnon
Ongmal denoised

Input image Feature and
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Improving main diffusion model?
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1) Balaji, Yogesh, et al. "ediffi: Text-to-image diffusion models with an ensemble of expert denoisers." arXiv preprint arXiv:2211.01324 (2022).

Papers

« eDiff-1: Text-to-Image Diffusion Models with Ensemble of Expert Denoisersl]

- Ensemble of Diffusion models
- M step=2 Lo FI|E LR A EF F7Ho| A0 ExtEl 2EZ2 o2 J|

1%
>
oo

(Text-conditioned) Generative Denoising Process

eDiff-1
(ours):

Expert
Denoiser #2

; Expert
‘

Standard —1
lefUSlon | Denoiser
Models: [

2t n7H 2| stepOfl E=tE! diffusion model 28 n7H 2| stepOil E=tHEl diffusion model
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1)

Balaji, Yogesh, et al. "ediffi: Text-to-image diffusion models with an ensemble of expert denoisers." arXiv preprint arXiv:2211.01324 (2022).

Papers

« eDiff-1: Text-to-Image Diffusion Models with Ensemble of Expert Denoisersl]
- Ensemble of Diffusion models

o

-8 steps €T T2 LM EF el 490 St RES o Il otad

-

: Prompt #2: A 4k dsir photo of a cute lion cub floating in a

bowl of honey.

Prompt #1: A 4k dsir image of a lemur wearing a red magician hat
and a blue coat performing magic trickg with cards in a garden.
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1) Balaji, Yogesh, et al. "ediffi: Text-to-image diffusion models with an ensemble of expert denoisers." arXiv preprint arXiv:2211.01324 (2022).

Papers

« eDiff-1: Text-to-Image Diffusion Models with Ensemble of Expert Denoisersl]

- Ensemble of Text encoders

- CLIP text encoder, T5 text encoder®| &= 212 concatenate?t text embedding=S AtE&

a) CLIP onl b) TS onl (c) CLIP + T5

A photo of a cute
corgi wearing a
beret holding a sign
that says “Diffusion
Models”. There is
Eiffel tower in the
background.

A photo of a lion
and a panda compet-
ing in the Olympics
swimming event.
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1) Podell, Dustin, et al. "SDXL: Improving Latent Diffusion Models for High-Resolution Image Synthesis." arXiv preprint arXiv:2307.01952 (2023).

Papers

« SDXL — A drastically improved version of Stable diffusionl]
- Ensemble of Text encoders

~CLIP, OpenCLIP text encoder®| = 22 concatenate?} text embedding=S At2&

= CLIP
vYFCC100M dataset2| subset?! 14002t 9| text-image pair dataset2 2 ot 2t
;' OpenCLIP
vLAION-5B text-image pair dataset2 £ St5 et
Model SDXL SD 1.4/1.5
# of UNet params 2.6B §60M
Text encoder CLIP ViT-L & OpenCLIP ViT-bigG  CLIP ViT-L
Context dim. 2048 768
A szuta VDS
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1) Podell, Dustin, et al. "SDXL: Improving Latent Diffusion Models for High-Resolution Image Synthesis." arXiv preprint arXiv:2307.01952 (2023).

Papers
« SDXL — A drastically improved version of Stable diffusionl]

- Ensemble of Diffusion models
- Base diffusion modelO| == 5t latentE 7 M1 S}H= refiner diffusion model2 F=7t&t

- Refiner diffusion model2 %1 200 step 717+2| 2 M0f| Eot= 2

VAE- VAE-

Noise Encoder Latent | First 200 step U-net Latent Decoder Final Image
256 2 |1 32 256
X X > » X X
256 32 32 256

Next 200 step U-net

Prompt

Text-encoder

Next 200 step U-net
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Papers

« SDXL — A drastically improved version of Stable diffusionl]
- Ensemble of Diffusion models
- Base diffusion modelO| & &t latentE 7 A St= refiner diffusion model= F7+&t

.= Refiner diffusion model2 A 200 step T-7t2| A0 E5t=l == Q

VAE- Unrefined Refined VAE-
Noise Encoder Latent Base U-net Latent Refiner U-net Latent Decoder Final Image
256 32 32 32 256
X X — > % Y, > X X
256 32 32 32 256
-
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Papers
« SDXL — A drastically improved version of Stable diffusionl]

- Ensemble of Diffusion models
== St

- Base diffusion modelO| & &t latentE 7 A St= refiner diffusion model= F7+&t

.= Refiner diffusion model2 A 200 step T-7t2| A0 E5t=l == Q

<Stable diffusion 24 A Z 1}> <SDXL 44 Z 1>
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1)
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Papers

« SDXL — A drastically improved version of Stable diffusionl]
- Micro-conditioning
- Z=7} supervision 10| 2712 conditionS XM a& £ U= BHHES K| otst
;' Conditioning the Model on Image Size

v 2 0|0|X|9| s &= HEE diffusion model2| condition2 2 X5 &t

| f
120019247

5124

" ¥

| el i
10004 256 == = ] |
128 ‘

64 —4 ' v
64 128 256 512 1024

600 800 1000 1200

M A 37| 256%256 2 CF £+ &k [0 H 2 QIsH B & A=0| Hoj A

A szuta I VDS \
6 SOGANG UNIVERSITY 17 e
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Papers

« SDXL — A drastically improved version of Stable diffusionl]
- Micro-conditioning
- 3=7} supervision 810| 271 2] condition2 M&E = U= WH S A otz
.= Conditioning the Model on Image Size

& O|0]X| e s & = HEE diffusion model2| condition2 £ K|S &

d

Cgize = (64,64) Cgize = (128,128), Cize = (256,236), Cize = (512,512),
model FID-5k | IS-5k T
CIN-512-only 43 84 110.64
CIN-nocond 39.76 211.50

| CIN-size-cond ~ 36.53 21534 |

CIN-512-only : 512 7| 0|3}2| O|O|X| = &0 A M <

CIN-nocond : 512 27| 0|3}9| 0| 0| X| = upscale & &

i =]

CIN-size-cond : O|O|X|2| &l A7|E condition2 £ XN &

"Panda mad scientist mixing sparkling chemicals, artstation.’
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Papers

« SDXL — A drastically improved version of Stable diffusionl]
- Micro-conditioning
- Z=7} supervision 10| 2712 conditionS XM a& £ U= BHHES K| otst
- Conditioning the Model on Cropping parameters

v Al M2 El random crop2| parameterS condition2 2 Xl &g

"A propaganda poster depicting a cat dressed as french (0 0)
emperor napoleon holding a piece of cheese.’ i

SD 1-5

SD 2-1

SDXL
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Papers

« SDXL — A drastically improved version of Stable diffusionl]
- Micro-conditioning
- Z=7} supervision 10| 2712 conditionS XM a& £ U= BHHES K| otst
:= Conditioning the Model on Cropping parameters

vSt& Al M-8l random crop2| parameterE condition2 £ |5 &t

ccrop = (0,0) ccrop = (0,256), ccrop = (256, 0),
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