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Introduction
Background

v 이미지 생성 모델

• 상상을현실로그려낼수있는흥미로운분야

§ 주로 사용자가 prompt를 주면 원하는 이미지를 생성하는 방식으로 작동

• 사용자 의도를 반영한 고퀄리티 이미지 생성

Imagen 
https://www.midjourney.com/home/https://imagen.research.google/

Midjourney - ‘스페이스 오페라 극장



- 5 - 5

Introduction
Background

v 이미지 생성 모델 활용

• 게임, 디지털아트, 뷰티, 마케팅등과같이다양한분야에서활용

§ 마텔 : 장난감자동차핫휠디자인

§ 스노우 :  AI filter

https://newsmoum.tistory.com/296

https://www.insight.co.kr/news/443295

마텔 자동차 디자인 스노우 AI Filter

이미지 편집

https://venturebeat.com/ai/dall-e-2-coming-to-microsofts-azure-ai-by-invitation/
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Introduction
Background

v Image Editing

• 이미지생성분야에서우수한성능을보인디퓨젼모델기반editing 기법들이많이등장

• 원본이미지의형태를어느정도유지하면서 , 객체, 스타일등을수정

• 주로텍스트입력 ( prompt) 을주고이미지를편집

Tumanyan, Narek, et al. "Plug-and-play diffusion features for text-driven image-to-image translation.“
Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2023.

Hertz, Amir, et al. "Prompt-to-prompt image editing with cross attention control." 
arXiv preprint arXiv:2208.01626 (2022
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Introduction
Background

v 디퓨젼 모델

• 현재는기존생성모델들에비해높은퀄리티를선보인디퓨젼모델이각광

• GAN :: mode collapse 와학습불안정

• VAE : 낮은품질의생성결과

• Flow-based : 역함수가존재하지않으면생성이불가

• 2022년6월Stable Diffusion이코드와학습된모델을 공개하면서연구가더욱활발해짐

VAE

GAN

Flow-based

DALLE
2021년 1월

GLIDE
2021년 12월

DALLE-2
2022년 4월

Stable Diffusion
2022년 6월

https://deepsense.ai/the-recent-rise-of-diffusion-based-models/
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Diffusion Model
DDPM

Ho, Jonathan, Ajay Jain, and Pieter Abbeel. "Denoising diffusion probabilistic models." Advances in Neural Information Processing Systems 33 (2020): 6840-6851.
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Diffusion Model
Latent Diffusion Model

• Improving Sampling Speed of Diffusion Model : 디퓨젼모델의기초인DDPM과DDIM과이미지생성속도를높이는방법론소개

• Conditional Diffusion Model : 디퓨젼모델에컨디션을부여하는Classifier Guidance, Classifier Free Guidance 그리고 Latent Diffusion 소개
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latent 
variable

64 X 64 X 4

Diffusion Model
Latent Diffusion Model

https://www.spotvnews.co.kr/news/articleView.html?idxno=558962

latent 
variable

64 X 64 X 4

Diffusion Model

R. Rombach, et al. ”High-Resolution Image Synthesis with Latent Diffusion Models" CVPR (2022)“손흥민 사진”

𝐿!"# ≔ 𝔼$ % ,',$~)(+,,) 𝜖 − 𝜖.(𝑧/ , 𝑡, 𝜏.(𝑦) 0
0

생성된 이미지
512 X 512 X 3

입력이미지
512 X 512 X 3
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latent 
variable

64 X 64 X 4

Diffusion Model
Latent Diffusion Model

𝑧 ~ 𝑁(0, 𝐼)

“ 축구 국가대표 이강인”
https://v.daum.net/v/20230515160516680

생성된 이미지
512 X 512 X 3

R. Rombach, et al. ”High-Resolution Image Synthesis with Latent Diffusion Models" CVPR (2022)

latent 
variable

64 X 64 X 4

Diffusion Model
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Diffusion Model
Latent Diffusion Model

Ronneberger, Olaf, Philipp Fischer, and Thomas Brox. "U-net: Convolutional networks for b
iomedical image segmentation." Medical Image Computing and Computer-Assisted Interve
ntion–MICCAI 2015: 18th International Conference, Munich, Germany, October 5-9, 2015, 

Proceedings, Part III 18. Springer International Publishing, 2015.
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Diffusion Model
Conditioning

특징벡터

Query

Key

Value

Self Attention

Query

Key

Value

Cross Attention

특징벡터 1

특징벡터 2
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Diffusion Model
Conditioning

Query

“ 축구 국가대표 이강인”

Key

Value

Query(이미지와
Key(Condition)

의 관계

각 단어가 이미지의 어
느 부분을 참조할지

축구

국가대표

이강인

이미지

텍스트
Condition

https://v.daum.net/v/20230515160516680

𝒔𝒐𝒇𝒕𝒎𝒂𝒙(
𝑸𝑲𝑻

𝒅𝒌
)

𝒔𝒐𝒇𝒕𝒎𝒂𝒙
𝑸𝑲𝑻

𝒅𝒌
𝑽

https://www.youtube.com/watch?v=Z8WWriIh1PU&t=3368s
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Diffusion Model
Conditioning

Query

“ 마스크 착용한 손흥민”

Key

Value

Query(이미지) 와
Key(Condition)의

관계

𝒔𝒐𝒇𝒕𝒎𝒂𝒙(
𝑸𝑲𝑻

𝒅𝒌
) Value를 곱해 각

단어가 이미지의 어느
부분을 참조할지

𝒔𝒐𝒇𝒕𝒎𝒂𝒙
𝑸𝑲𝑻

𝒅𝒌
𝑽

마스크

착용한

손흥민
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Image Editing with Diffusion Model
Image Editing

Tumanyan, Narek, et al. "Plug-and-play diffusion features for text-driven image-to-image translation.“
Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2023.

Hertz, Amir, et al. "Prompt-to-prompt image editing with cross attention control." 
arXiv preprint arXiv:2208.01626 (2022
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Image Editing with Diffusion Model
Prompt-to-Prompt

Hertz, Amir, et al. "Prompt-to-prompt image editing with cross attention control." arXiv preprint arXiv:2208.01626 (2022
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Image Editing with Diffusion Model
Prompt-to-Prompt

𝒛𝑻

①

②

Hertz, Amir, et al. "Prompt-to-prompt image editing with cross attention control." arXiv preprint arXiv:2208.01626 (2022

𝒛𝑻 𝒛𝟎

𝒛𝑻∗ 𝒛𝟎∗

LDM

LDM
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Image Editing with Diffusion Model
Prompt-to-Prompt

가우시안
노이즈

텍스트
Condition

“ 축구 국가대표 이강인”

Diffusion Model

생성된 이미지

①

②
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Image Editing with Diffusion Model
Prompt-to-Prompt

고정된
Attention map
Random Seed 

고정된
Random Seed 

Hertz, Amir, et al. "Prompt-to-prompt image editing with cross attention control." arXiv preprint arXiv:2208.01626 (2022
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Image Editing with Diffusion Model
Prompt-to-Prompt

𝒛𝑻 𝒛𝟎

𝒛𝑻∗ 𝒛𝟎∗

LDM

LDM

𝒛𝑻

①

②

Hertz, Amir, et al. "Prompt-to-prompt image editing with cross attention control." arXiv preprint arXiv:2208.01626 (2022
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Image Editing with Diffusion Model
Prompt-to-Prompt

Query

“ 축구 국가대표 이강인”

Key

Value

Query(이미지와
Key(Condition)

의 관계

각 단어가 이미지의 어
느 부분을 참조할지

축구

국가대표

이강인

이미지

텍스트
Condition

https://v.daum.net/v/20230515160516680

𝒔𝒐𝒇𝒕𝒎𝒂𝒙(
𝑸𝑲𝑻

𝒅𝒌
)

𝒔𝒐𝒇𝒕𝒎𝒂𝒙
𝑸𝑲𝑻

𝒅𝒌
𝑽

https://www.youtube.com/watch?v=Z8WWriIh1PU&t=3368s

Attention Map
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Image Editing with Diffusion Model
Prompt-to-Prompt

Hertz, Amir, et al. "Prompt-to-prompt image editing with cross attention control." arXiv preprint arXiv:2208.01626 (2022
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Image Editing with Diffusion Model
Prompt-to-Prompt

𝑀, ,𝑀,∗

② attention map 𝑀, ,𝑀,∗에대해 cross attention control ( Edit) 을하여 attention map 0𝑀,를생성

③ 타겟Prompt 와수정한 attention map 0𝑀, 로이미지생성

Prompt 의 변화에 따라
Attention Map Edit 방식이 다름

1. Word-swap
2. Adding a new phrase
3.   Attention Re-weighting

①
②
③

Hertz, Amir, et al. "Prompt-to-prompt image editing with cross attention control." arXiv preprint arXiv:2208.01626 (2022
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Image Editing with Diffusion Model
Prompt-to-Prompt

𝑬𝒅𝒊𝒕 𝑴𝒕 ,𝑴𝒕
∗, 𝒕 ≔ 5 𝑴𝒕

∗ 𝒊𝒇 𝒕 < 𝝉
𝑴𝒕 𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆

Hertz, Amir, et al. "Prompt-to-prompt image editing with cross attention control." arXiv preprint arXiv:2208.01626 (2022

𝑴𝒕
∗ : 새로운 prompt를 반영한 attention map𝑴𝒕 : 원본 prompt를 반영한 attention map
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Image Editing with Diffusion Model
Prompt-to-Prompt

𝑬𝒅𝒊𝒕 𝑴𝒕 ,𝑴𝒕
∗, 𝒕 ≔ 5 𝑴𝒕

∗ 𝒊𝒇 𝒕 < 𝝉
𝑴𝒕 𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆

Hertz, Amir, et al. "Prompt-to-prompt image editing with cross attention control." arXiv preprint arXiv:2208.01626 (2022

𝑴𝒕
∗

𝑴𝒕

𝒕 < 𝝉

𝝉 ≤ 𝒕 < 𝑻
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Image Editing with Diffusion Model
Prompt-to-Prompt

• 겹치는문장일경우원본이미지𝑀#사용, 아닐경우수정한 attention map𝑀#∗ 사용

𝑬𝒅𝒊𝒕 𝑴𝒕 ,𝑴𝒕
∗, 𝒕 ≔ <

𝑴𝒕
∗
𝒊,𝒋 𝒊𝒇 𝑨 𝒋 = 𝑵𝒐𝒏𝒆

𝑴𝒕 𝒊 ,𝑨 𝒋 𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆

Hertz, Amir, et al. "Prompt-to-prompt image editing with cross attention control." arXiv preprint arXiv:2208.01626 (2022
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Image Editing with Diffusion Model
Prompt-to-Prompt

• 겹치는문장일경우원본이미지𝑀#사용, 아닐경우수정한 attention map𝑀#∗ 사용

Hertz, Amir, et al. "Prompt-to-prompt image editing with cross attention control." arXiv preprint arXiv:2208.01626 (2022

𝑴𝒕
∗
𝒊,𝒋

𝑴𝒕 𝒊,𝑨(𝒋)

𝑬𝒅𝒊𝒕 𝑴𝒕 ,𝑴𝒕
∗, 𝒕 ≔ <

𝑴𝒕
∗
𝒊,𝒋 𝒊𝒇 𝑨 𝒋 = 𝑵𝒐𝒏𝒆

𝑴𝒕 𝒊 ,𝑨 𝒋 𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆

𝑨 𝒋 = 𝑵𝒐𝒏𝒆
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Image Editing with Diffusion Model
Prompt-to-Prompt

𝑬𝒅𝒊𝒕 𝑴𝒕 ,𝑴𝒕
∗, 𝒕 ≔ <

𝒄 ⋅ 𝑴𝒕 𝒊,𝒋 𝒊𝒇 𝒋 = 𝒋∗

𝑴𝒕 𝒊 ,𝒋, 𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆

50100
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Image Editing with Diffusion Model
Prompt-to-Prompt

𝑬𝒅𝒊𝒕 𝑴𝒕 ,𝑴𝒕
∗, 𝒕 ≔ <

𝒄 ⋅ 𝑴𝒕 𝒊,𝒋 𝒊𝒇 𝒋 = 𝒋∗

𝑴𝒕 𝒊 ,𝒋, 𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆

오늘 거리는 붐빕니다

Hertz, Amir, et al. "Prompt-to-prompt image editing with cross attention control." arXiv preprint arXiv:2208.01626 (2022

𝒄 ⋅ 𝑴𝒕 𝒊,𝒋

𝑴𝒕 𝒊,𝒋

100

50오늘 거리는 붐빕니다
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Image Editing with Diffusion Model
Prompt-to-Prompt

§ Attention map 이저화질이라정교한editing이어려움

§ 이미지내에서객체의위치를이동시킬수없음

Hertz, Amir, et al. "Prompt-to-prompt image editing with cross attention control." arXiv preprint arXiv:2208.01626 (2022
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Image Editing with Diffusion Model
Plug-and-Play

Tumanyan, Narek, et al. "Plug-and-play diffusion features for text-driven image-to-image translation.“ Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2023.
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Image Editing with Diffusion Model
Plug-and-Play

𝒛𝑻 𝒛𝟎

𝒛𝑻∗ 𝒛𝟎∗

LDM

LDM

①

②

Tumanyan, Narek, et al. "Plug-and-play diffusion features for text-driven image-to-ima
ge translation.“ Proceedings of the IEEE/CVF Conference on Computer Vision and Pa

ttern Recognition. 2023.
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Image Editing with Diffusion Model
Plug-and-Play

Plug-and-Play 와 Prompt-to-Prompt 비교 )

Plug-and-Play Prompt-to-Prompt

Hertz, Amir, et al. "Prompt-to-prompt image editing with cross attention control." 
arXiv preprint arXiv:2208.01626 (2022

Tumanyan, Narek, et al. "Plug-and-play diffusion features for text-driven image-to-image translation.“
Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2023.
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Image Editing with Diffusion Model
Plug-and-Play

의구조와semantic layout을보존하면

서해당프롬프트를반영하는 를생성

Ø 원본이미지를복원해내는디퓨젼모델디코더레이어의①Residual Block내spatial feature 와②Self Attention을이용하면

원본이미지의형태를유지할수있을것이다.

Tumanyan, Narek, et al. "Plug-and-play diffusion features for text-driven image-to-image translation.“ Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2023.
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Image Editing with Diffusion Model
Plug-and-Play

Ø 원본이미지를복원해내는디퓨젼모델디코더레이어의①Residual Block내spatial feature 와②Self Attention affinities 

을이용하면원본이미지의형태를유지할수있을것이다.

𝒛𝑻 𝒛𝟎

𝒛𝑻∗ 𝒛𝟎∗

LDM

LDM

①

②

Tumanyan, Narek, et al. "Plug-and-play diffusion features for text-driven image-to-image translation.“ Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2023.
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Image Editing with Diffusion Model
Plug-and-Play

v Plug-and-Play 

① DDIM inversion 을통해원본이미지 에대한 initial noise 를구함

② 원본이미지의 initial noise 와동일한 를바탕으로타겟프롬프트𝑃∗를반영한이미지생성 ( 이미지편집과정)

Ø 디코더몇번째레이어 부터 spatial feature 와Self Attention affinities 을주입해야하는가? 

Tumanyan, Narek, et al. "Plug-and-play diffusion features for text-driven image-to-image translation.“ Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2023.
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Image Editing with Diffusion Model
Plug-and-Play

• 휴머노이드이미지를복원하는과정에서디퓨젼모델디코더레이어에서 spatial feature를추출하고PCA로시각화 ( t = 540 )

• 낮은레이어에서는배경과객체와분리, 디코더레이어= 4 일때부터어느정도휴머노이드의윤곽이나타남

• 같은부위는동일한색상이나타남 ( 머리 : 노란색, 다리 : 빨강 )

Tumanyan, Narek, et al. "Plug-and-play diffusion features for text-driven image-to-image translation.“ Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2023.
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Image Editing with Diffusion Model
Plug-and-Play

• 이미지를 edit 하는과정에서다양한디코더레이어에원본이미지의 spatial feature 를주입하는실험

§ 레이어4 :원본이미지형태유지불가

§ 레이어4 ~ 11 : 원본이미지형태가너무많이나타남

Tumanyan, Narek, et al. "Plug-and-play diffusion features for text-driven image-to-image translation.“ Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2023.
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Image Editing with Diffusion Model
Plug-and-Play

• 이미지를 edit 하는과정에서다양한디코더레이어에원본이미지의 spatial feature 와 self attention 를주입하는실험

§ spatial feature  는레이어4  ,  :self attention 은레이어4 ~11 이가장좋음

Tumanyan, Narek, et al. "Plug-and-play diffusion features for text-driven image-to-image translation.“ Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2023.
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Image Editing with Diffusion Model
Plug-and-Play

• 원본이미지생성과정의디코어에서spatial feature  는레이어4  ,  :self attention 은레이어4 ~11 이가장좋음

• 원본이미지의형태를잘유지하면서 Image-to-Image Translation 수행

Tumanyan, Narek, et al. "Plug-and-play diffusion features for text-driven image-to-image translation.“ Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2023.
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Conclusion

• 디퓨젼기반생성모델은단순한 Text to Image Generation을뛰어넘어현재는 image editing 까지가능한수준

• 이때대부분의디퓨젼기반 image editing 모델은 LDM 을backbone으로작동

𝐿!"# ≔ 𝔼$ % ,',$~)(+,,) 𝜖 − 𝜖.(𝑧/ , 𝑡, 𝜏.(𝑦) 0
0

latent 
variable

64 X 64 X 4

latent 
variable

64 X 64 X 4

생성된 이미지
512 X 512 X 3

Diffusion Model

입력 이미지
512 X 512 X 3

“손흥민”
R. Rombach, et al. ”High-Resolution Image Synthesis with Latent Diffusion Models" CVPR (2022)
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Conclusion

• 이러한 image editing 모델들은원본이미지의형태를유지하면서이미지를수정하는것이관건

• 따라서원본이미지를생성하는과정에서의 residual block spatial feature, self attention, cross attention을활용하여 edit

• Prompt-to-prompt :  cross attention map,  plug-and-play : residual block spatial feature 와 self attention 

Prompt-to-Prompt Plug-and-Play

Tumanyan, Narek, et al. "Plug-and-play diffusion features for text-driven image-to-image translation.“
Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2023.

Hertz, Amir, et al. "Prompt-to-prompt image editing with cross attention control." 
arXiv preprint arXiv:2208.01626 (2022
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