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GASS: Geometry-Aware Spherical Sampling for Disentangled 
Diversity Enhancement in Text-to-Image Generation



Challenge: Limited Sample Diversity in Text-to-Image Generation 

“A photo of papillon.”

“A red colored car.”

Images generated using SD3-M with classifier-free guidance (CFG).

The lack of diversity not only restricts user choice, but also risks amplifying societal biases. 



Motivation: Identify Different Sources of Image Variations

Existing major paradigm: 
Increase the entropy defined by the batch of generated samples.      

Motivation: 
The “diversity” can be further attributed to more fine-grained 
components, sometimes unspecified by the given text prompt.

Our approach: 
Define and measure the image diversity from different sources of 
variations, specifically through “prompt-dependent” and “prompt-
independent” angles. 



Geometric Analysis: Decomposition and Measure in CLIP Spherical Basis

Disentangle the diversity in two orthogonal directions: the text embedding  (prompt-
dependent) and an identified orthogonal dominant residual direction (prompt-independent). 



GASS: Geometry-Aware Spherical Sampling for Increased Spread 

Step 1: Latent dynamic spherical guidance 
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Step 2: Optimization based on CLIP gradient

GASS alters the predicted clean image through the geometric expansion, and thus guide the 
iterative sampling process with frozen generative backbones.



Enhanced Diversity with Disentangled Sources 
Good diversity enhancement performance, with both richer semantic

variation and more detailed and diverse backgrounds.

Disentangled sources and 
diversity under complex prompts.



Paper Code

A training-free, plug-and-play method that enhances 
diversity in T2I through geometry-aware sampling.
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