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Recent developments in cognitive neuroscience have shown that it is possible to reconstruct
perceived images from neuroimaging data. We addressed this reconstruction problem using
a hierarchical generative model which learns stimulus features from data. The hierarchical
generative model, known as a deep belief network, provides a model of the interactions between
stimuli, stimulus features and measured response. We used an unsupervised learning phase
to learn stimulus features and a supervised learning phase in order to learn how measured
response predicts these features. Reconstruction is achieved by sampling from the model
conditional on observed brain activity.

In order to test the model, handwritten digits were reconstructed from fMRI data. All
reconstructions were computed using a leave-one-out cross-validation scheme. Our primary
goal was to determine whether reconstruction of perceived images can be achieved using
the model and whether the use of multiple layers in the hierarchy improves reconstruction.
Figure 1 depicts the first twenty stimuli and their reconstructions using a model consisting
of zero or two hidden layers. The zero-layer model effectively tries to reconstruct individual
pixels without taking more complex stimulus features into account.
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Figure 1: Image reconstructions for the first twenty images for all different models.

We demonstrated for the first time that hierarchical generative models can be used to
obtain good quality reconstructions. We have also shown that deep (multi-layered) models
lead to better reconstructions. We consider the reconstruction of perceived stimuli to be an
important research topic as it offers a new window into the brain.


