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Diffusion models enable surprisingly good reconstruction from the brain!

Ozcelik, Furkan, and Rufin VanRullen. "Natural scene reconstruction from fMRI signals using generative latent diffusion." Scientific Reports 13.1 (2023): 15666.

Stimuli shown to fMRI subject Reconstruction



Background: Image reconstruction from the brain

fMRI
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But are we really getting better at the brain or just getting 
better at image generation?

According to image similarity metrics, the images keep getting 
better and better…



f

x f(x)y

g

BrainBits: Insert an information bottleneck in the 
reconstruction pipeline.

How much information is needed to get the reconstructions 
we’re seeing?

This is a general method that could be applied to any stimuli 
reconstruction task from neural data.



Finding 1: We can restrict the information available at 
reconstruction time to a great degree and still get “good looking” 
images
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Finding 2: According to existing metrics, reconstruction performance 
quickly plateaus 

How good?



What does this mean?

The message: if we care about studying visual processing in the brain, 
we need to measure signal extracted, not image quality



Edge energy, brightness and contrast are mostly exhausted early.
Larger bottlenecks are needed to extract more object class information 
above chance.

What information do bottlenecks contain?



Models quickly zoom in on useful areas even at low bottleneck sizes.
As the bottleneck size goes up models exploit those original areas but 
do not meaningfully expand to new area

What areas of the brain help reconstruction the most?



Check out our poster at NeurIPS 2024! 
Paper: https://arxiv.org/abs/2411.02783
Github: https://github.com/czlwang/BrainBits
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