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Abstract

Every day, the human brain processes an immense volume of visual information,
relying on intricate neural mechanisms to perceive and interpret these stimuli. Re-
cent breakthroughs in functional magnetic resonance imaging (fMRI) have enabled
scientists to extract visual information from human brain activity patterns. In this
study, we present an innovative method for decoding brain activity into meaningful
images and captions, with a specific focus on brain captioning due to its enhanced
flexibility as compared to brain decoding into images. Our approach takes advan-
tage of cutting-edge image captioning models and incorporates a unique image
reconstruction pipeline that utilizes latent diffusion models and depth estimation.

We utilized the Natural Scenes Dataset, a comprehensive fMRI dataset from eight
subjects who viewed images from the COCO dataset. We employed the Generative
Image-to-text Transformer (GIT) as our backbone for captioning and propose a
new image reconstruction pipeline based on latent diffusion models. The method
involves training regularized linear regression models between brain activity and
extracted features. Additionally, we incorporated depth maps from the ControlNet
model to further guide the reconstruction process.

We propose a multimodal based approach that leverages similarities between neural
and deep learning representations and by learning alignment between these spaces,
we produce textual description and image reconstruction from brain activity.

We evaluate our methods using quantitative metrics for both generated captions and
images. Our brain captioning approach outperforms existing methods, while our
image reconstruction pipeline generates plausible images with improved spatial
relationships.

In conclusion, we demonstrate significant progress in brain decoding, showcasing
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the enormous potential of integrating vision and language to better understand hu-
man cognition. Our approach provides a flexible platform for future research, with
potential applications based on a combination of high-level semantic information
coming from text and low-level image shape information coming from depth maps
and initial guess images.
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Figure 1: Our model utilizes fMRI measurements to extract features for GIT captioning and VDVAE initial
and depth image estimation using linear models. Image captions serve as the primary general result, used in the
second stage alongside other conditioning to generate plausible reconstructions with a latent diffusion model.
GIT and VDVAE models are pre-trained and frozen, while linear regressions are trained from fMRI to their
latent spaces.

1 Introduction

The human visual system is an extraordinary product of evolution, enabling us to navigate and
interact with our surroundings. From basic patterns to intricate scenes, our brains persistently process
and interpret visual information. A central challenge in neuroscience is comprehending how these
elaborate processes occur at the neural activity level. Functional magnetic resonance imaging (fMRI)
has emerged as an essential tool for studying neural activity associated with visual perception,
by measuring blood oxygen level-dependent (BOLD) signals. Brain decoding has progressed
significantly, employing fMRI data to reconstruct visual stimuli from brain activity patterns. This has
the potential to revolutionize our understanding of the neural code underlying visual perception with
possible applications in brain-computer interfaces and clinical diagnostics. The increasing interest
in reconstructing information from noninvasive brain data is driven by enhanced data availability,
improved computational power, and sophisticated deep learning methods. Despite challenges with
signal-to-noise ratio, session duration, and hemodynamic response function variability, fMRI has
proven effective in various tasks such as visual stimulus and text classification and reconstruction

[Schneider et al, Zafar et al.| 2015} [Cindsayl 2021}, [Awangga et al., [2020].

In this work, our first contribution is shifting the prediction from images to text, aiming to generate
a caption of the observed scene from brain activity. To compare with prior work, we propose
a new model for image captioning from brain activity and propose a new image reconstruction
pipeline based on a conditioned and controlled version of the latent diffusion model, Stable Diffusion.
Predicting a caption instead of the image in brain decoding from fMRI of visual stimuli offers several
advantages. Captions naturally represent a higher level of abstraction, requiring a more advanced
interpretation and summarization of visual information than merely predicting the image itself. As a
result, predicting captions can help us understand how the brain processes and represents complex
visual information. In real-world situations, humans often describe visual scenes with words, so
predicting captions instead of images may better capture an important aspect of visual information
processing. Recent neuroscience research has shown substantial evidence that large language models
can be correlated with brain activity and that it is possible to predict one representation from the
other [[Caucheteux and King| [Tang et al]. Finally, predicting text from fMRI could lead to better
generalization across modalities. Natural language is our main tool as humans to interact with each
other and nowadays even with foundation models. We can exploit large language models to condition
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Figure 2: Comparison of our results (Columns 2-4) with the shown stimuli and reconstructions from other
works. The second column displays the caption computed from the brain activity, the third column presents the
initial guess image, the fourth column shows the depth estimated images, and the fifth column reports our final
reconstruction. The last two columns showcase reconstructions from two recent works. All results are from
subjO1.

other models to generate images, videos, audio, and more. Predicting text from brain helps us
rapidly change the reconstruction model, leveraging state-of-the-art text-to-image models to generate
realistic images from brain activity. In summary, our contributions in this paper are two-fold: We
propose a method to generate image captions from brain activity using a multimodal large language
model and introduce a novel image reconstruction pipeline based on predicted text and
estimated initial and depth maps from brain activity. The main novelty proposed in our work is a
pipeline that leverage aligned representations of brain, text and images for visual stimuli. Fig[T]is a
scheme of the entire procedure that we propose, while Fig[2]shows generated captions and images
from brain activity compared to other image reconstruction methods.

1.1 Related Works

In the field of brain decoding, researchers have utilized various modeling frameworks with pre-
processed fMRI time series as input. These data have served as the basis for numerous decoding
approaches. Some examples include employing a variational autoencoder with a generative ad-
versarial component (VAE-GAN) to encode latent representations of human faces
and applying sparse linear regression on preprocessed fMRI data to predict features
extracted from early convolutional layers in a pre-trained CNN [Horikawa and Kamitanil, 2017

for natural images. Unsupervised and adversarial strategies have been used to reconstruct images,
incorporating dual VAE-GAN and unsupervised methods for fMRI stimuli decoding with various
encoders and decoders trained in different ways [Shen et al [2019] [Ren et al 2019} [Gaziv et al]
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