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Diffusion model intuition

Creating is hard... but destroying is easy!

Let’'s destroy a clean image X

+ Noise

and learn Pg (Xt—l ‘Xt) to reverse the process



Diffusion model intuition

Predicting noise with an autoencoder

ward process
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Diffusion model intuition

Adding a conditioning signal
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GLIDE: An early instance of text-conditioned diffusion

Classifier-free
guidance

CLIP guidance

d green train is coming

down the tracks”

to ski down a mountain”

“a small kitchen with

a low ceiling”

“a group of elephants

walking in muddy water”

. "a group of skiers are preparing |

3.5B parameter diffusion model
with text guidance

CFG generally more realistic and
preferred by human raters

Didn’t invent classifier- or
classifier-free guidance! But
showed CFG working at scale

Classifier-Free Diffusion Guidance

Jonathan Ho Tim Salimans
Google Research Google Research



GLIDE: An early instance of text-conditioned diffusion

CLIP guidance

noise prediction
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mean of noise

=S5
prediction * CLIP (4.9 )

Classifier-free guidance

predict noise
(unconditional)

€9 (SUt |@)
Training: apply dropout on condition
Swap out condition? for no
oredict noise condition (() ) with probability p
(conditional)
co(4y)

noise prediction

during 69(37,;|@) + 8'(69($t|@) - 69($t|y) )
sampling: . |

“step a little towards the text-conditioned image”
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Latent Diffusion Model (LDM)

Diffusion in feature space

Decode

Zi_1

(" Cross-attention )
‘Text query Image key' Image value
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Attention map

.........................................................

Attentlon(Q, K, V) = softmax (E .

Scales better in image
dimension

Lowered training and
inference costs

Training is less brittle
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Source Target

Image generation with control

A

Prompt-to-Prompt movre lorecise
( Modifying cross-attention maps \
source target -t e M g i S B
s = ."l | "photo of a cat riding a biegcte”
HI 1 1L car

Text + word swap, prompt
condition refinement
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Image generation with control

A

InstructPix2Pix movre lorecise

Step 1: Generate text edits

Edit instruction

Source caption ->
“photograph of d gir| ==p [ GFT=3 _
riding a horse” - Target caption

“ehotograph of a girl

rio(ing a o(mgon"

Step 2: Generate paired images

“photograph of a girl

rio(ing a horse” -

Stable Diffusion +

“PP\OJCf)g.VOl[Ol'\ 0{3 a 9“,’,’ — Prompt-to-Prompt
riding a dragon




Image generation with control

A

InstructPix2Pix movre lorecise

Step 3: Train latent diffusion model

Training dataset

Classifier-free guidance for
both image and edit instruction
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More on controllable image generation

Awesome Controllable T2I Diffusion Models
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