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Introduction
Text to Image Generation

• Improving Sampling Speed of Diffusion Model : 디퓨젼 모델의 기초인 DDPM과 DDIM과 이미지 생성 속도를 높이는 방법론 소개 

• Conditional Diffusion Model : 디퓨젼 모델에 컨디션을 부여하는 Classifier Guidance, Classifier Free Guidance 그리고 Latent Diffusion 소개

• Controllable Diffusion Models: 텍스트 이외 입력 조건에 대해서도 컨디션을 부여하는  ControlNet, Composer, Uni-ControlNet 소개 
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Introduction
Background

• 상상을 현실로 그려낼 수 있는 흥미로운 분야

§ Text to Image generation: 사용자가 프롬프트를 입력하여 원하는 이미지를 생성하는 방식으로 작동 

• 현재 디퓨젼 모델이 해당 분야에서 주를 이룸

Imagen 

https://www.midjourney.com/home/

Midjourney - ‘스페이스 오페라 극장 

올림픽 400m 접영 종목에서 
수영하는 곰인형

초밥으로 만든 집에 
살고있는 귀여운 코기

https://imagen.research.google/
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Introduction
DDPM

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



- 7 - 7

가우시안 노이즈
64 X 64 X 4

Introduction
Text to Image Generation

Latent Diffusion Model

𝑧 ~ 𝑁(0, 𝐼)

Prompt: 연구하는
팬더 과학자

https://www.filipcvetko.com/dalle2/

생성된 이미지
512 X 512 X 3

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

U-Net

잠재변수
64 X 64 X 4

프롬프트

CLIP Encoder

Cross Attention
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Introduction
Text to Image Generation

Query

“연구하는
팬더 과학자”

Key

Value

이미지(Query)와 
프롬프트내 단어

(Key)의 관계

각 단어가 이미지의 
어느 부분을 참조할지

이미지

텍스트 
프롬프트

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

𝑠𝑜𝑓𝑡𝑚𝑎𝑥(
𝑄𝐾!

𝑑"
)

𝑠𝑜𝑓𝑡𝑚𝑎𝑥
𝑄𝐾!

𝑑"
𝑉

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

연구

팬더

과학자



- 9 - 9

가우시안 노이즈
64 X 64 X 4

Introduction
Text to Image Generation

Latent Diffusion Model

𝑧 ~ 𝑁(0, 𝐼)

“ 화학 물질을 다루는 
팬더 과학자”

생성된 이미지
512 X 512 X 3

디퓨젼 모델

잠재변수
64 X 64 X 4

잠재변수
64 X 64 X 4

프롬프트
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Introduction
Text to Image Generation

Chefer, Hila, et al. "Attend-and-excite: Attention-based semantic guidance for text-to-image diffusion models." ACM Transactions on Graphics (TOG) 42.4 (2023): 1-10.
Feng, Weixi, et al. "Training-free structured diffusion guidance for compositional text-to-image synthesis." arXiv preprint arXiv:2212.05032 (2022).

Prompt: 빨간 자동차와 하얀 양 Prompt: 말과 원숭이 
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Introduction
Text to Image Generation

Chefer, Hila, et al. "Attend-and-excite: Attention-based semantic guidance for text-to-image diffusion models." ACM Transactions on Graphics (TOG) 42.4 (2023): 1-10.
Feng, Weixi, et al. "Training-free structured diffusion guidance for compositional text-to-image synthesis." arXiv preprint arXiv:2212.05032 (2022).

Prompt: 빨간 자동차와 하얀 양 Prompt: 말과 원숭이 

< Attribute binding > < Missing Object >
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Structure Diffusion Attend-and-Excite

Enhancing Prompt Understanding
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Structure Diffusion Attend-and-Excite

Enhancing Prompt Understanding



- 14 - 14

Enhancing Prompt Understanding
Structure Diffusion

Feng, Weixi, et al. "Training-free structured diffusion guidance for compositional text-to-image synthesis." arXiv preprint arXiv:2212.05032 (2022).

Prompt: 빨간 자동차와 하얀 양 Prompt: 하얀 건물 앞에 있는 갈색 벤치
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Enhancing Prompt Understanding
Structure Diffusion

https://www.filipcvetko.com/dalle2/

Query

“연구하는
팬더 과학자”

Key

Value

이미지(Query)와 
프롬프트내 단어

(Key)의 관계

각 단어가 이미지의 
어느 부분을 참조할지

이미지

텍스트 
Condition

𝑠𝑜𝑓𝑡𝑚𝑎𝑥(
𝑄𝐾!

𝑑"
)

𝑠𝑜𝑓𝑡𝑚𝑎𝑥
𝑄𝐾!

𝑑"
𝑉

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

연구

팬더

과학자
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Enhancing Prompt Understanding
Structure Diffusion

<노란> <사과> <와> <빨간> <바나나>

Cross attention map생성된 이미지

Prompt: 노란 사과와 빨간 바나나
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Enhancing Prompt Understanding
Structure Diffusion

https://nltk.sourceforge.net/doc/en/ch07.html

Constituency Tree

The brown fox is quick and 
he is jumping over the lazy dog
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Enhancing Prompt Understanding
Structure Diffusion

https://nltk.sourceforge.net/doc/en/ch07.html

Constituency Tree

The brown fox is quick and 
he is jumping over the lazy dog
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가우시안 노이즈
64 X 64 X 4

Enhancing Prompt Understanding
Structure Diffusion

𝑧 ~ 𝑁(0, 𝐼)

“노란 사과와 빨간 바나나“

생성된 이미지
512 X 512 X 3

U-Net

잠재변수
64 X 64 X 4

프롬프트

CLIP Encoder

Cross Attention
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Enhancing Prompt Understanding
Structure Diffusion

기존 방식 “노란 사과와 
빨간 바나나“

입력문장

노란 사과 와 빨간 바나나

문장 임베딩 
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Enhancing Prompt Understanding
Structure Diffusion

사과

기존 방식 “노란 사과와 
빨간 바나나“

입력문장

“노란 사과와 
빨간 바나나“

노란 사과 와 빨간 바나나

Structure 
Diffusion

노란 사과 와 빨간 바나나

문장 임베딩 

빨간 바나나노란 사과 와
Structured 

representation

노란
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Enhancing Prompt Understanding
Structure Diffusion

기존 방식 “노란 사과와 
빨간 바나나“

입력문장

“노란 사과와 
빨간 바나나“

노란 사과 와 빨간 바나나

Structure 
Diffusion

노란 사과 와 빨간 바나나

문장 임베딩 

빨간 바나나노란 사과 와
Structured 

representation

빨간 바나나

빨간 바나나노란 사과 와
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Enhancing Prompt Understanding
Structure Diffusion

Feng, Weixi, et al. "Training-free structured diffusion guidance for compositional text-to-image synthesis." arXiv preprint arXiv:2212.05032 (2022).

임베딩 과정
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Enhancing Prompt Understanding
Structure Diffusion

Feng, Weixi, et al. "Training-free structured diffusion guidance for compositional text-to-image synthesis." arXiv preprint arXiv:2212.05032 (2022).

Key

Value

Query
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Enhancing Prompt Understanding
Structure Diffusion

Feng, Weixi, et al. "Training-free structured diffusion guidance for compositional text-to-image synthesis." arXiv preprint arXiv:2212.05032 (2022).

Stable
Diffusion

With
Structure Diffusion

Prompt: 빨간 자동차와 하얀 양

< Attribute binding >

Stable
Diffusion

With
Structure Diffusion

Prompt: 파란색 가방과 갈색 코끼리

< Missing Object >
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Enhancing Prompt Understanding
Structure Diffusion

Feng, Weixi, et al. "Training-free structured diffusion guidance for compositional text-to-image synthesis." arXiv preprint arXiv:2212.05032 (2022).

Stable
Diffusion

Composable
Diffusion

Prompt: 빨간 새와 초록 사과

< Attribute binding >

With
Structure Diffusion

< 정량적 평가 >
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Structured Guidance Attend-and-Excite

Enhancing Prompt Understanding
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Enhancing Prompt Understanding
Attend-and-Excite

Prompt: 말과 강아지 Prompt: 왕관 쓴 사자

Chefer, Hila, et al. "Attend-and-excite: Attention-based semantic guidance for text-to-image diffusion models." ACM Transactions on Graphics (TOG) 42.4 (2023): 1-10.
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Enhancing Prompt Understanding
Attend-and-Excite

Prompt: 왕관 쓴 사자

Cross attention map생성된 이미지

<사자><왕관> <쓴>
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Enhancing Prompt Understanding
Attend-and-Excite

Prompt: 왕관 쓴 사자

Cross attention map생성된 이미지

<사자><왕관> <쓴>
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Enhancing Prompt Understanding
Attend-and-Excite

𝒁𝒕

“왕관 쓴 사자“

U-Net U-Net 𝒁𝒕"𝒏
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Enhancing Prompt Understanding
Attend-and-Excite

𝒁𝒕

“왕관 쓴 사자“

U-Net U-Net 𝒁𝒕"𝒏

𝑨𝒕"𝒏
왕관 𝑨𝒕"𝒏

사자
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Enhancing Prompt Understanding
Attend-and-Excite

𝒁𝒕

“왕관 쓴 사자“

U-Net U-Net 𝒁𝒕"𝒏

𝑨𝒕"𝒏
왕관 𝑨𝒕"𝒏

사자 𝑨𝒕"𝒏
왕관 𝑨𝒕"𝒏

사자

0.20 0.40 0.03

0.10 0.11 0.03

0.05 0.05 0.03

0.03 0.06 0.01

0.05 0.70 0.05

0.01 0.08 0.01
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Enhancing Prompt Understanding
Attend-and-Excite

𝒁𝒕

“왕관 쓴 사자“

U-Net U-Net 𝒁𝒕"𝒏

𝑨𝒕"𝒏
왕관 𝑨𝒕"𝒏

사자 𝑨𝒕"𝒏
왕관 𝑨𝒕"𝒏

사자

0.20 0.40 0.03

0.10 0.11 0.03

0.05 0.05 0.03

0.03 0.06 0.01

0.05 0.70 0.05

0.01 0.08 0.01
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Enhancing Prompt Understanding
Attend-and-Excite

𝒁𝒕

“왕관 쓴 사자“

U-Net U-Net 𝒁𝒕"𝒏

𝑨𝒕"𝒏
왕관 𝑨𝒕"𝒏

사자 𝑨𝒕"𝒏
왕관 𝑨𝒕"𝒏

사자

𝑳왕관 = 𝟏 −𝐦𝐚𝐱(𝑨𝒕#𝒏
왕관) = 1 - 0.40 = 0.60

𝑳사자 = 𝟏 −𝐦𝐚𝐱(𝑨𝒕#𝒏
사자) = 1 - 0.70 = 0.30

0.20 0.40 0.03

0.10 0.11 0.03

0.05 0.05 0.03

0.03 0.06 0.01

0.05 0.70 0.05

0.01 0.08 0.01
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Enhancing Prompt Understanding
Attend-and-Excite

𝒁𝒕

“왕관 쓴 사자“

U-Net U-Net 𝒁𝒕"𝒏

𝑨𝒕"𝒏
왕관 𝑨𝒕"𝒏

사자 𝑨𝒕"𝒏
왕관 𝑨𝒕"𝒏

사자

𝑳 = 𝐦𝐚𝐱(𝑳왕관, 𝑳사자) = 𝑳왕관 = 0.6

𝑳왕관 = 𝟏 −𝐦𝐚𝐱(𝑨𝒕#𝒏
왕관) = 1 - 0.40 = 0.60

𝑳사자 = 𝟏 −𝐦𝐚𝐱(𝑨𝒕#𝒏
사자) = 1 - 0.70 = 0.30

0.20 0.40 0.03

0.10 0.11 0.03

0.05 0.05 0.03

0.03 0.06 0.01

0.05 0.70 0.05

0.01 0.08 0.01
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Enhancing Prompt Understanding
Attend-and-Excite

𝒁𝒕

“왕관 쓴 사자“

U-Net U-Net 𝒁𝒕"𝒏

𝑨𝒕"𝒏
왕관 𝑨𝒕"𝒏

사자 𝑨𝒕"𝒏
왕관 𝑨𝒕"𝒏

사자

𝑳 = 𝐦𝐚𝐱(𝑳왕관, 𝑳사자) = 0.6

𝒖𝒑𝒅𝒂𝒕𝒆: 𝒁𝒕#𝒏% = 𝒁𝒕#𝒏 − 𝜶𝛁𝒕𝑳 

𝑳왕관 = 𝟏 −𝐦𝐚𝐱(𝑨𝒕#𝒏
왕관) = 1 - 0.40 = 0.60

𝑳사자 = 𝟏 −𝐦𝐚𝐱(𝑨𝒕#𝒏
사자) = 1 - 0.70 = 0.30

0.20 0.40 0.03

0.10 0.11 0.03

0.05 0.05 0.03

0.03 0.06 0.01

0.05 0.70 0.05

0.01 0.08 0.01
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Enhancing Prompt Understanding
Attend-and-Excite

𝑨𝒕"𝒏
왕관

가우시안 
필터

𝑮(𝑨𝒕"𝒏
왕관)

𝑨𝒕"𝒏
왕관

0.20 0.40 0.03

0.10 0.11 0.03

0.05 0.05 0.03

𝑨𝒕"𝒏
왕관

𝑮(𝑨𝒕"𝒏
왕관)

0.130 0.050 0.001

0.012 0.010 0.040

0.003 0.006 0.001

𝑿𝒕%𝒏 𝑿′𝒕%𝒏

𝒖𝒑𝒅𝒂𝒕𝒆: 𝒁𝒕#𝒏% = 𝒁𝒕#𝒏 − 𝜶𝛁𝒕𝑳 

𝑿𝒕%𝒏 𝑿′𝒕%𝒏

가우시안
필터

사용 X

가우시안
필터
사용 
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Enhancing Prompt Understanding
Attend-and-Excite

0.130 0.050 0.001

0.012 0.010 0.040

0.003 0.006 0.001

0.002 0.008 0.0001

0.006 0.175 0.006

0.0001 0.01 0.0001

𝑳왕관 = 𝟏 −𝐦𝐚𝐱(𝑮(𝑨𝒕#𝒏
왕관)) = 1 - 0.4 = 0.6

𝑳사자 = 𝟏 −𝐦𝐚𝐱(𝑮(𝑨𝒕#𝒏
사자)) = 1 - 0.7 = 0.3

𝑳 = 𝐦𝐚𝐱(𝑳왕관, 𝑳사자) = 0.6

𝒖𝒑𝒅𝒂𝒕𝒆: 𝒁𝒕#𝒏% = 𝒁𝒕#𝒏 − 𝜶𝛁𝒕𝑳 

Stable Diffusion

𝑮(𝑨𝒕"𝒏
왕관) 𝑮(𝑨𝒕"𝒏

사자) 𝑮(𝑨𝒕"𝒏
왕관) 𝑮(𝑨𝒕"𝒏

사자)

𝒁𝒕

“왕관 쓴 사자“

U-Net U-Net 𝒁′𝒕"𝒏

With
Attend-and-Excite
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Enhancing Prompt Understanding
Attend-and-Excite

Stable
Diffusion

With
Attend-and-Excite

<왕관> <쓴> <사자>

Cross attention map생성된 이미지

Chefer, Hila, et al. "Attend-and-excite: Attention-based semantic guidance for text-to-image diffusion models." ACM Transactions on Graphics (TOG) 42.4 (2023): 1-10.
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Enhancing Prompt Understanding
Attend-and-Excite

Chefer, Hila, et al. "Attend-and-excite: Attention-based semantic guidance for text-to-image diffusion models." ACM Transactions on Graphics (TOG) 42.4 (2023): 1-10.

Stable
Diffusion

With
Attend-and-Excite

Prompt: 노란 그릇과 파란 고양이

< Missing object >

Stable
Diffusion

With
Attend-and-Excite

Prompt: 노란 리본과 갈색 벤치

< Attribute binding >
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Enhancing Prompt Understanding
Attend-and-Excite

without 
Gaussian 

Smoothing

With
Gaussian 

Smoothing

Prompt: 왕관 쓴 토끼

<토끼><왕관>

Chefer, Hila, et al. "Attend-and-excite: Attention-based semantic guidance for text-to-image diffusion models." ACM Transactions on Graphics (TOG) 42.4 (2023): 1-10.
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Conclusion
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