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Problems & Ideas
• Problems of existing fMRI-based brain decoding:

– fMRI data is extremely scarce, and traditional augmentation distorts 
high-dimensional brain signals.

– Existing models are subject-specific and fail to generalize across 
individuals due to inter-subject variability.

• Ideas: A unified framework (BrainCanvas) that generates semantically 

diverse training imagesets via diffusion models to overcome data scarcity, 
and learns subject-invariant representations through adversarial training 
to enable cross-subject brain decoding.

Schematic Diagram of BrainCanvas. Upper Section: Augments the original imageset using the Category-aware Localization Module

and Class-Prompt Appending, then extracts corresponding image and text embeddings. Lower Section: Processes fMRI signals from

different subjects with the Domain-Invariant Encoder to obtain shared feature representations. These embeddings are combined with

a diffusion model to generate the reconstructed images.



Main Contributions
• Contributions:

– Propose Imageset Diffusion with Class-Prompt Appending and 
Category-aware Localization to augment training data without 
distorting fMRI signals;

– Design a Domain-Invariant Encoder with adversarial training to learn 
subject-shared features, enabling zero-shot cross-subject transfer;

– Achieve SOTA on NSD in both single-subject and cross-subject settings, 
with cross-subject results surpassing single-subject models.

Visualization results and comparison with other methods (left) and quantitative performance metrics (right) on the NSD .


