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Motivation 
1. Existing conditional image generation methods require independent sampling of  

labels, ignoring the dependencies between the labels. The generated image can 
be affected by spurious correlations, which can lead to irrational results. 

2. In practical applications, the semantically meaningful factors of interest are not 
independent but causally related, and a critical aspect often overlooked. 

3. Causal representation learning methods for controllable image generation have 
shown promising results. However, the quality of generated images is 
suboptimal, and these methods require a predefined causal structure among the 
attributes.  Front In
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Method 
A causal controllable image generation method is proposed by integrating causal 
structure learning (CSL) with bi-directional generative adversarial networks (GANs). 
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Method 
CSL module: 

Optimization objective of the CSL module: 
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Method 
Image generation module: 

Optimization objective of the image 
generation module: 
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Experiments 
Visual results on the CelebA dataset 
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Experiments 
Performance comparison 
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Conclusions 
1. We propose a novel causal controllable image generation (CCIG) framework, 

which combines a CSL module with an image generation module (IGM), to learn 
causal graphs of image attributes, and the learned causal graphs are used to 
constrain the latent representations to understand the image generation 
mechanism. 

2. We propose a bi-directional generative model for image generation and 
representation learning, which combines an encoder, a generator, and a joint 
discriminator (JointD) to improve the model representation learning capability. 

3. We instantiate the proposed framework and conduct extensive experiments over 
a public dataset, CelebA, verifying the effectiveness and rationality of CCIG. 
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