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LGN Lateral Geniculate Nucleus

Al Artificial Intelligence

DNN Deep Neural Networks

VAEs Variational Auto-Encoders

GANSs Generative Adversarial Networks
AAEs Adversarial Auto-Encoders

fMRI functional Magnetic Resonance Imaging
MRI Magnetic Resonance Imaging

CAT Computed Axial Tomography

PET Positron Emission Ttomography
EEG Electroencephalography

MEG Magnetoencephalography

SQUID Superconducting Quantum Interface Device
HRF Hemodynamic Response Function
BOLD Blood Oxygenation level Dependent
CNR Contrast to Noise Ratio

SNR Signal to Noise Ratio

CNNs Convolutional Neural Networks
AEs Auto-Encoders

DBNs Deep Belief Networks

RBM Restricted Boltzmann Machine
SAE Stacked Auto-Encoder

DAE Denoising Auto-Encoder

SAE Sparse Auto-Encoder

CAE Convolutional Auto-Encoder

SGD Stochastic Gradient Descent

MVPA Multi-Voxel Pattern Analysis
BCCA Bayesian Canonical Correlation Analysis
PGM Probabilistic Graphical Model
DGMM Deep Generative Multi-view Model
EPI Echo Planar Imaging

SS Single Shot

TR Repetition Time

TE Echo Time

Ms-SSIM Multi-scale Structural Similarity
SSIM Structural Similarity

cC Correlation Coefficient

GD Gradient Descent

S



PCA Principal Component Analysis
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' Lateral Geniculate Nucleus
" Thalamus
" Primary visual cortex (V1)

¥ Secondary visual cortex (V2)
% Ventral stream

* Dorsal stream
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' What pathway

" Where pathway

" Feedforward connections
¥ Feedback connections

® Recurrent connections

* Cognitive neuroscience

¥ Computational neuroscience



alis 5o -Y-)

o Ll (AD)' (ogmae 9 4 (lsisn (Shwlns clasl psle b Lo e slaojs> alox |
Slasl psle 5 (egias hon caie) 93 ;2 0 p3l olial lacd iy &S ke S
ol o LAl sl oas i ojgo 90 o S iie 0y Cuz s glas i, 4 Sl
Gl Joe (Ll olin wlbe coliss i) ,o sole lacd iy wlul 5 8,k 5l s s
Trbe slaoe Wilowd (Byne (egias hem o) ;0 rhe jload a3 S plell egias Slwlrs
S50 50 stz Bl o Shee 4 wilazilys + T(DNN) Gros (crae sloaSis Jle Glgic 4 tond
able b plados o duslio g Bl K8 sgm 51 L0 ] stbicans dapls § pglas
aS oo olaiil |y oln Slelbl igSs> jae aS pl 5l roe Clll 5 Sp0 a4 (Ll ol
“UhgR aby crge Sleslme Olacl pyle S ol e i nl 4 DN Y10 sl onts i
g (o0 (SSLD pole 0l Corge 15 egtan (h9a (wSep g 0ud (egias

Sles s ol by Jas cpl il Sl by Jas aiejls ol gls s S0
3 e 15 0attS uSate Ladly a8 ola Jow V] sitis cuac (6 S0l g dwle aie) 0 b
MBS Fdgi (S par (6399 X595 2 4 4z 95 L) je Cudlad aiilgt Wb il b plin ais
WS ol he, s rar 69959 4 (O sokie ]y e Codled g [vel ¢ e (5,195 30))
e LS he, 5 (6|08 50, die) 50 0aiiS sl dagh 0,505, S Lv] (" oo liS5e))
aibe c e Wao sloJoe el Sliios 5l atws ol ) (deos S0l la i, plesl Lols

5o DAl (GANSY s, Wao slaaSus o [VY, VAl (VAES)® s 138 50,045 slaaSos

' Artificial Intelligence

" Deep Neural Networks

¥ Brain encoding

¥ Brain decoding

® Variational Auto-Encoders

* Generative Adversarial Networks
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' Adversarial Auto-Encoders

" functional Magnetic Resonance Imaging
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' Medical imaging
¥ Structural brain imaging
* Functional brain imaging
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' Magnetic Resonance Imaging

" Computed Axial Tomography

¥ Positron Emission Ttomography
¥ Cognitive process

5 Electroencephalography

* Magnetoencephalography

¥ Invasiveness
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Abstract

In recent decades, research on encoding and decoding brain activity from functional
magnetic resonance imaging (fMRI) has made significant progress. However,
decoding brain activity in order to reconstruct natural images perceived by humans
remains an issue to be investigated, as these images contain various and complex

information.

In this study, an approach is proposed to decode brain activity based on Adversarial
Auto-Encoder networks (AAEs). Hence, at first, an AAE neural network is trained
using more than 11k natural images not seen by the subjects. The AAE latent space
provides a meaningful description of each image. We then developed a mapping
between fMRI patterns and latent space, according to which the fMRI patterns are
transformed to latent code in the same dimension as the AAE codes. When testing the
decoding model, we use trained mapping to transform the fMRI patterns of all three
human subjects into latent codes. Finally, the codes are transformed into intelligible
representations of the test images using the decoding structure of the AAE network.
The proposed decoding model is trained and tested using separate data.

In order to quantify the performance of the proposed method, multi-scale structural
similarity and correlation coefficient are reported for the reconstructed images. The
obtained results indicate the successful and promising performance of the proposed
method. So that for two subjects, the average correlation coefficient on the test images

was reported to be more than 0.7.

Keywords: brain encoding and decoding, functional Magnetic Resonance Imaging,
Adversarial Auto-Encoder networks, Multi-scale structural similarity, Correlation

Coefficient.
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