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Overview

How to enhance diffusion sampling given a pretrained diffusion model?

Initializations and Sampling paths matter.

1 Golden Noise for Text-to-Image Diffusion Models

2 Zigzag Diffusion Sampling: Generation and Backtracking

3 IV-Mixed Sampler: Image Diffusion + Video Diffusion ! Better Video Diffusion
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Background: Di�usion Model

Forward Process:

Reverse Process:
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Golden Noise
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Golden Noise: Motivation

Figure:Given the prompt \A photo of four chairs", we synthesize images with di�erent initial noise. Why
some noises are better than others?

This phenomenon has prompted us to think two key questions:
1 Can we formulate obtaining the better noises as a machine learning problem so that we can predict them

e�ciently with only one model forward inference?

2 Can such a machine learning framework generalize well to various noises, prompts, and even di�usion
models?
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Golden Noise: De�nition

Figure: \A portrait photo of a kangaroo wearing an orange hoodie and blue sunglasses holding a sign that says
Qing Ke!".

Golden noise can be considered as a kind of noise, which contains rich semantic information
and is tailored to the given text prompt.
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Golden Noise: Overview

1 Dataset Construction
Construct the noise pair dataset which
consists of more than 100k pairs of random
noises and golden noises. This has been
�ltered using human preference model to
improve dataset quality.

2 Model Training
Train a small network (Noise Prompt
Network, NPNet), which can transform a
random noise into a golden noise

3 Model Inference
Use golden noises predicted by NPNet
rather than random noises for sampling
without modifying the original inference
pipeline.

Figure:Overview of our noise learning framework.
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Golden Noise: Data Collection

How can we obtain the better noises? Re-denoise/Inversion:xt ! xt � 1 ! x0
t .

The inverted noises are informative and learnable, while random noises are uninformative and unlearnable.
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Golden Noise: Data Construction
We desire to collect a triplet (xT ; x0

T ; c) (source noise, target noise and text prompt).

Figure:Overview of dataset construction stage.

While re-denoise sampling can help us collect noises with enhanced semantic information, it also carries the risk
of introducing extra noises, which requires AI-feedback-based �ltering.
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Golden Noise: Model Architecture
We observe that through the singular value decomposition (SVD), the singular vectors
of xT and x0

T exhibit remarkable similarity, albeit possibly in opposite directions.

Based on this �nding, we design a model architecture to predict the singular value of
x0

T , and utilize the inverse SVD to get the predicted noise.
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Golden Noise: Model Architecture
Our model consists of two key branches:

1 Singular Value Prediction
An architecture to re-construct
the target noise with source
noise, by utilizing the singular
value decomposition.

2 Residual Prediction
An architecture to predict the
residual between the source
noise xT and the target noise
x0

T .

Figure: Illustration of our model architecture.

The loss function of our model training is:

L MSE = MSE(x0
T ; x0

Tpred
); where x0

Tpred
=

Singular Value Prediction
z }| {
� e + ~x0

T +

Residual Prediction
z}| {
� x̂T (1)
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Golden Noise: Deployment
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Golden Noise: Experiments
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Golden Noise: Experiments

1 E�ectiveness
3 di�erent types of T2I models
across 4 di�erent benchmarks,
with 7 di�erent samplers on 6
evaluation metrics.

2 E�ciency
Plug-and-play module; take
extra 3% time delay with only
500 MB extra memory, improve
the performance by 18%.

3 Generalization
Can be applied to various
models, prompts, and di�usion
samplers which have not been
included into training data.
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Golden Noise: Experiments

Figure:Visualization of synthesized images with our model.

16 / 43



Golden Noise: Experiments

Figure:Visualization of controlnet with our model.
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