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

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

“A photo of papillon.”
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“A red colored car.”

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



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).

e.: text embedding

U;,4: our identified unit vector
orthogonal to e, captures prompt-
independent image diversity

X: projections on unit vectors

—; original image embeddings
—»: image embeddings after GASS

Algorithm 1 Dominant Residual Basis Identification

Input: Text embedding e;, image batch embeddings
P = {e;}2 |, number of candidate directions N
Generate N direction vectors {ry }2'_, orthogonal to e,
via Gram-Schmidt (Leon et al., 2013).
for kK =1to N do

By < 5 iy le] Tl
end for
k* + arg maxy Fy
return u;,q ¢ rp-

Spread before-:!md after GASS

Img Source  ClipScore Daep Dina SPP
SD2.1 0.303+0.03 0.071+0.02 0.0754+0.02 0.146+0.04
SD3-M 0.302+0.02 0.060+0.03 0.0654+0.03 0.126+0.05

Real 0.293+0.02 0.110+0.03 0.110+0.02 0.220+0.05




GASS: Geometry-Aware Spherical Sampling for Increased Spread

Step 1: Latent dynamic spherical guidance Step 2: Optimization based on CLIP gradient
Algorithm 2 Optimization based on CLIP Gradient
- Expansion shit 5lkto increase the Spread Input:HCurrentbatch estimates {53Z O\t}@ 1, target embed-
5 k U— dings P = {&;}Z_,, CLIP encoder &, step size
J [ Tk Tk] Encode batch estimates: {e;}2, = E;({&; o1 }i=1)
- Renormalization after GASS perturbation zspp 7 (1 —e] &) {spherical spread loss}
é- - éi zO|t (—IIC'Z 0t — T]'V@LOHESPP for:=1...B
l 11612 return {-”3@,0|t} 2 4
Intermediate noisy Predicted denoised images “4 black colored car.” GASS expanded Decoded images {7 o).}
samples {x; .} at step t {Zi01¢} from {x;} ‘ embeddings {&;} from {e;} from {&;} after GASS
“A black colored car.”
CLIP Text
Frozen ety GASS optimization
T2l models based on gradient J»
(U-Netor s from €,
. . Transformers) CLIP Image
Encoder g,

X3,0]t X4,0(t

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



Enhanced Diversity with Disentangled Sources

Disentangled sources and

Good diversity enhancement performance, with both richer semantic diversity under complex prompts.

variation and more detailed and diverse backgrounds.

Prompt Vanilla CFG  GASSone, GASSonu;,q GASS full
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“A red colored car.” “A yellow book and a red vase.”



A training-free, plug-and-play method that enhances
diversity in T2| through geometry-aware sampling.
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