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Diffusion Models: Applications

2



Controllable Image Synthesis
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Textual Inversion
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t = T t = 0

“[V*]”

Loss

• Find the text embedding that generates the given image
• Re-use the text embedding with new text phrases to obtain editing

Ref: Textual Inversion,  Gal et al. ICLR‘23

Target



Customizing DMs: Textual inversion

R. Gal et al. An Image is Worth One Word: Personalizing Text-to-Image Generation using Textual Inversion. ICLR 2023

https://openreview.net/pdf?id=NAQvF08TcyG


Customizing DMs: Textual inversion

R. Gal et al. An Image is Worth One Word: Personalizing Text-to-Image Generation using Textual Inversion. 
ICLR 2023

https://openreview.net/pdf?id=NAQvF08TcyG


Textual inversion: Results



Textual inversion: Results



Textual inversion: Comparisons



Customizing DMs: DreamBooth

N. Ruiz et al. DreamBooth: Fine Tuning Text-to-Image Diffusion Models for Subject-Driven Generation. arXiv 2022

https://arxiv.org/pdf/2208.12242.pdf


DreamBooth: Local Customization of Diffusion Model
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t = T t = 0

“[V*] Dog”

Loss

• Fine-tune the diffusion model

• Challenges of compute expense

Ref: DreamBooth, Ruiz et al., CVPR ‘23



Customizing DMs: DreamBooth

N. Ruiz et al. DreamBooth: Fine Tuning Text-to-Image Diffusion Models for Subject-Driven Generation. arXiv 2022

Prompt: "retro style yellow alarm clock 
with a white clock face and a yellow 
number three on the right part of the 
clock face in the jungle"

https://arxiv.org/pdf/2208.12242.pdf


Customizing DMs: DreamBooth

N. Ruiz et al. DreamBooth: Fine Tuning Text-to-Image Diffusion Models for Subject-Driven Generation. arXiv 2022

https://arxiv.org/pdf/2208.12242.pdf


Customizing DMs: DreamBooth
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DreamBooth: Results



DreamBooth: Results

“a cross of a [V] dog and a [target species]”

“a [painting/sculpture] of a [V] [class noun] in the 
style of [famous artist]”



DreamBooth: Comparison with textual inversion

“a [V] vase 
in the snow”

“a [V] vase on 
the beach”

“a [V] vase in 
the jungle”

“a [V] vase with Eiffel 
Tower in the background



DreamBooth: Limitations



Efficient Customization: DreamBooth with LoRA

! is initialized with standard normal; " is initialized with zeros 

Hu et al., LoRA: Low-Rank Adaptation of Large Language Models, ICLR’22; https://magazine.sebastianraschka.com/p/practical-tips-for-finetuning-llms

https://github.com/microsoft/LoRA
https://magazine.sebastianraschka.com/p/practical-tips-for-finetuning-llms
https://magazine.sebastianraschka.com/p/practical-tips-for-finetuning-llms


DreamBooth with Low Rank Approximation (LoRA)

20

t = T t = 0

“[V*] Dog”

Loss

Ref: DreamBooth, Ruiz et al., CVPR ’23
LoRA, Hu et al., ‘21

LoRA Adapter



LoRA DreamBooth: Results
LoRA DreamBooth (r=4) DreamBoothInput Images
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DreamBooth with Low Rank Approximation (LoRA)

DreamBooth
using LoRA
on SD v1.5

LoRA Adapter

A [V] dog
Fine-tuning on

Subject



Slide from Jia-Bin Huang23

A statue in [S] style
[S]: “matte black sculpture”

DreamBooth
using LoRA

on SDXL
LoRA Adapter

A cat in [S] style; A men in [S] style; Old lady in [S] style

Style Learning using LoRA on SDXL

Ref: SDXL, Podell et al. ‘23

Works with 
SDXL!



Slide from Jia-Bin Huang24

LoRA DreamBooth for Stylizations (on SDXL)

Shah et al., ZipLoRA: Any Subject in Any Style by Effectively Merging LoRAs, arxiv’23

https://ziplora.github.io/


Can we Merge Content and Style LoRAs?
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Content Images

Lc

“A [V] dog”

Content 
LoRA

[V] with angel wings[V] in wizard outfit [V] as nurse

Style Image

Ls

“Flowers in [S] style”

Style 
LoRA

penguin in [S] style bike in [S] style



Can we Merge Content and Style LoRAs?
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Content Images

Lc

“A [V] dog”

Content 
LoRA

Style Image

Ls

“Flowers in [S] style”

Style 
LoRA
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ZipLoRA produces successful recontextualizations
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IP-Adapter

32
https://ip-adapter.github.io

https://ip-adapter.github.io/


IP-Adapter
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https://ip-adapter.github.io

https://ip-adapter.github.io/


Stable-SR: Super-resolution

34 Results: https://iceclear.github.io/projects/stablesr/

https://iceclear.github.io/projects/stablesr/


Outline

• Part 3: Applications and Implementation; Ethical Issues
• Customizing Diffusion Models

• Textual Inversion
• DreamBooth
• Low Rank Approximation (LoRA)
• ZipLoRA

• ControlNet



ControlNet

37



ControlNet

L. Zhang and M. Agrawala. Adding Conditional Control to Text-to-Image Diffusion Models. arXiv 2023

• Add a trainable “wrapper” around a pre-trained DM to fine-tune 
it for pix2pix tasks

https://arxiv.org/pdf/2302.05543.pdf


ControlNet

39



ControlNet

L. Zhang and M. Agrawala. Adding Conditional Control to Text-to-Image Diffusion Models. arXiv 2023

https://arxiv.org/pdf/2302.05543.pdf
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ControlNet

L. Zhang and M. Agrawala. Adding Conditional Control to Text-to-Image Diffusion Models. arXiv 2023

https://arxiv.org/pdf/2302.05543.pdf


Outline

• Part 3: Applications and Implementation; Ethical Issues
• Customizing Diffusion Models

• Textual Inversion
• DreamBooth
• Low Rank Approximation (LoRA)
• ZipLoRA

• ControlNet
• Prompt-to-Prompt and InstructPix2Pix



Prompt-to-Prompt Image Editing

A. Hertz et al. Prompt-to-Prompt Image Editing with Cross Attention Control. arXiv 2022

https://arxiv.org/pdf/2208.01626.pdf


Prompt-to-Prompt Image Editing



Prompt-to-Prompt Image Editing



InstructPix2Pix

T. Brooks, A. Holynski, and A. Efros. InstructPix2Pix: Learning to Follow Image Editing Instructions. CVPR 2023

https://arxiv.org/pdf/2211.09800.pdf


InstructPix2Pix

T. Brooks, A. Holynski, and A. Efros. InstructPix2Pix: Learning to Follow Image Editing Instructions. CVPR 2023

https://arxiv.org/pdf/2211.09800.pdf


InstructPix2Pix

• Fine-tuning GPT-3:



InstructPix2Pix

• Generating input-output image pairs:



Noisy output 
image

InstructPix2Pix

• Fine-tuning a DM for image-to-image translation:
Input image 

(conditioning) Noise estimate

“Have her ride a dragon”
Time t



InstructPix2Pix: Results



InstructPix2Pix: Results



InstructPix2Pix: Results



InstructPix2Pix: Failure cases



Outline

Part 3: Applications and Implementation
• Customizing Diffusion Models

• Textual Inversion
• DreamBooth
• Low Rank Approximation (LoRA)
• ZipLoRA

• ControlNet
• Prompt-to-Prompt
• InstructPix2Pix
• DreamFusion



Connecting 2D to 3D: DreamFusion

B. Poole, A. Jain, J. Barron, B. Mildenhall. DreamFusion: Text-to-3D using 2D Diffusion. arXiv 2022

https://dreamfusion3d.github.io/


Connecting 2D to 3D: DreamFusion

B. Poole, A. Jain, J. Barron, B. Mildenhall. DreamFusion: Text-to-3D using 2D Diffusion. arXiv 2022

https://dreamfusion3d.github.io/


Working with Diffusion Models

• Fast moving area with new research coming in everyday
• Variety of pre-trained, open-source models available
• Working directly with the implementations and codebases helps!
• Starting point: diffusers library by huggingface
• Popular open-source models:
• Stable Diffusion 
• SDXL
• SD3 (recently announced)
• Deep-Floyd IF (open-source alternative of Imagen)

• Some useful websites
• Huggingface, Reddit threads on Stable Diffusion; Civit.ai; publicprompts.art

https://huggingface.co/docs/diffusers/index
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