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Image Disentangling Generation Method Based on
Latent Space HSIC Regularization

LI Yuanhao, YING Fangli
(School of Information Science and Engineering, East China University of Science and Technology, Shanghai 200237, China)

[ Abstract] Learning disentangled representations to enhance the controllability of image generation models is a key
research direction in computer vision. However, existing methods have two major limitations: reliance on large-
scale annotated data and difficulty in handling complex dependencies between features. To address these issues,
this study proposes a universal generative disentangling method based on the Hilbert-Schmidt Independence
Criterion (HSIC). This method innovatively converts HSIC into an independence regularization mechanism for the
latent space of generative models. By incorporating HSIC regularization terms, it optimizes the measurement
objective of nonlinear dependency  relationships and guides the model in learning independent feature
representations. Specifically, the method integrates HSIC into two mainstream generative model architectures. For
the Variational AutoEncoder (VAE) class, it combines variational inference with HSIC regularization to optimize
latent distribution disentanglement. For the Diffusion Model (DM) class, it gradually achieves progressive feature
disentangling by embedding the HSIC regularization term into the time-step optimization of the reverse process.
The experimental results show that this universal method, which can be implemented in different model
architectures, enhances the latent representation independence and maintains stable performance in unsupervised
settings, offering a novel approach to model complex feature dependencies. To further verify the semantic
consistency of the disentangling space, latent space interpolation experiments are conducted to generate smoother
trajectories, demonstrating that HSIC regularization constructs a linearly separable disentangling space.
Additionally, a dual validation using standard disentangling metrics and HSIC-based custom metrics is performed,
which reveals a positive correlation and confirms the objectivity of the disentangling evaluation criteria.

[Key words] image generation model; disentangled representation learning; Hilbert-Schmidt Independence
Criterion (HSIC); regularization mechanism; latent space interpolation
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Fig.3  Original image reconstruction results of VAE
and HSIC-VAE models
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Table 1 Comparative evaluation metrics of VAE

and HSIC-VAE models

HSIC Factor
Model FID
score y VAE score 4

VAE 134. 4 200. 4 0. 917 0. 177 0. 259
HSIG-VAE  141.4 115.3 0.921 0.569 0. 235
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Table 2 Evaluation metrics for various models on
the CelebA dataset

Model FIDy TAD4
VAE 94.3+2.9 0
B-VAE 99. 842. 4 0.08840. 051
InfoVAE 77.8+1.6 0
DiffAE 22.7£2.1 0.1554-0. 010
HSIC-DiffAE 23.412.2 0. 244£0. 008
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Table 3 Comparative evaluation metrics of JointVAE and
HSIC-JointVAE models

HSIC Factor
DCI4 ISTD2 y
score y VAE score 4

JointVAE 119.2  46.00 0. 945 0. 169 0. 263
HSIC-JointVAE 128.1  35.00 0. 948 0. 599 0.231

Model FID§

# 4 DIffAE 1 HSIC-DiffAE # 2 g3t LL i B2
Table 4 Comparative evaluation metrics of DiffAE and
HSIC-DiffAE models

HSIC Factor

Model FID y TADA ISTD2 v
score § VAE score 4
DiffAE 22.7 0. 23 0. 485 0. 155 0.377
HSIC-DiffAE  23.4 0. 20 0. 492 0.244 0.373
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Fig.8 Low dimensional latent space interpolation results of
VAE and HSIC-VAE models
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