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Overview Diffusion Adaptive Text Embedding (DATE)
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Text-Conditioned Evaluation Function

• Text-conditioned evaluation function

• Evaluate the quality of a generated image in the data space based on a given text condition.

• Using metrics commonly applied in text-to-image generation evaluation, e.g., CLIP score, ImageReward.

• Limitation of previous usage

• Only for evaluation purpose without being incorporated into the sampling process.

• Only for evaluation on the final sample at diffusion timestep 0.

➔We directly leverage ℎ as the learning objective during the intermediate periods of sampling process. 
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Diffusion Adaptive Text Embedding (DATE)

• Goal: Find the adaptive text embedding 𝒄1:𝑇 that maximizes the reward ℎ from the samples 

generated by the diffusion sampling process 𝑝𝜃

Diffusion sampling process
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Diffusion Adaptive Text Embedding (DATE)

• Goal: Find the adaptive text embedding 𝒄1:𝑇 that maximizes the reward ℎ from the samples 

generated by the diffusion sampling process 𝑝𝜃

Diffusion sampling process

Sequential optimization like diffusion sampling process

Finding the shared embedding for remaining sampling steps 

& Close to the original embedding

Introduce the constraints

for tractable optimization
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Diffusion Adaptive Text Embedding (DATE)

• Goal: Find the adaptive text embedding 𝒄1:𝑇 that maximizes the reward ℎ from the samples 

generated by the diffusion sampling process 𝑝𝜃

Diffusion sampling process

From t = 𝑇 to 1,

Introduce the constraints

for tractable optimization

➔ Maximize the expectation of the reward with respect to 𝑝𝜃 𝑥0 𝑥𝑡, 𝑐𝑡
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Diffusion Adaptive Text Embedding (DATE)

• But, this objective is computationally expensive due to the multiple network evaluations for sampling.



Copyright ©  2025 by Byeonghu Na, KAIST Insttitue for Robotics, KAIST 9

Diffusion Adaptive Text Embedding (DATE)

• But, this objective is computationally expensive due to the multiple network evaluations for sampling.

Apply first-order Taylor approx. of ℎ around ҧ𝑥0

• Maximize the reward on the mean predicted image ҧ𝑥0
given current perturbed image 𝑥𝑡 and text embedding 𝑐𝑡.
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Diffusion Adaptive Text Embedding (DATE)

• But, this objective is computationally expensive due to the multiple network evaluations for sampling.

Apply first-order Taylor approx. of ℎ around ҧ𝑥0

• Maximize the reward on the mean predicted image ҧ𝑥0
given current perturbed image 𝑥𝑡 and text embedding 𝑐𝑡.

• Using the Tweedie’s formula, the mean predicted image ҧ𝑥0 can be 

computed via a single score network evaluation.
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Update Process of DATE

• To update the text embeddings for each timestep, we use a first-order Taylor approximation for 

computational efficiency, inspired by the inner maximization of sharpness-aware minimization.

A baseball player

with a red glove

• : the normalized gradient 

with respect to 𝑐
• : summation



Copyright ©  2025 by Byeonghu Na, KAIST Insttitue for Robotics, KAIST 12

Theoretical Analysis: Performance Guarantee

• Both unconstrained and constrained optimizations of the text embedding produce a better text 

embedding than the fixed text embedding.

• Since DATE is derived by approximating the constrained optimization,

it is expected to improve the quality of the generated images compared to the fixed embedding.

// Fixed text embedding

// Constrained optimization

// Unconstrained optimization
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Theoretical Analysis: Influence on Data Space

• How the DATE update influences the perturbed data?

• This guidance improves the alignment between the evaluation function ℎ𝑡 and the model likelihood

from the perspective of the text embedding.

• Embedding-based guidance balances semantic alignment with the underlying model distribution,

enhancing prompt fidelity without reducing generation quality.

The score function for the text embedding 𝑐𝑡 updated by DATE can be expressed as:

Original score function Reward Model likelihood

Alignment
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Experiments Quantitative Results
• FID: average distance between generated and reference datasets

• CLIP score: text-image embedding alignment score via CLIP

• ImageReward: text-to-image human preference score

DATE consistently improves the semantic alignment and overall image quality.

Performance on COCO validation set Performance of combined metrics
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Experiments Applications

DDPM inv.Source image + DATE

A cartoon of a cat → An origami of a dog

A sculpture of a castle → A graffiti of a castle

+ DATESD SD + CONFORM

A dog and a blue balloon

A lion and a monkey

+ DATE

Multi-concept generation Text-guided image editing
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