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Introduction

e Understanding the brain is one of the most
important and challenging problem

~ 100 billion neurons
~ trillions of connections (synapses)

e External stimulus - Brain activities
e \isual cortex




Introduction

> 8000 voxel,

: 1750 images for training, 100 images for testing
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Introduction

Visual system is Hierarchical
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Before Decoding

Correlation Coefficients of Voxel Variables Correlation Power
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Analysis — Decoding

1 > Classes of the Image:
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- Logistic Regression (Family:
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Analysis — Decoding

Classification Methods
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Analysis — Decoding

Final Model: LASSO LR (highest training accuracy, almost highest testing accuracy, highest AUC)

Ranking of regions in affecting prediction accuracy (7-most important; 1-least important)
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Finding: The most important regions for classification are the higher cortical regions of
visual systems.



Analysis — Convolution Neural Network

Feature maps

Convolutions

Subsampling Convolutions

Subsampling

https://ysjournal.com/medical-image-translation-using-convolutional-neural-networks/

-.l
*.. Output

Fully connected

14

124

-
(=]

loss {MSE}
=)
=]

06

044

024

= frain

training epoch




Analysis — Issue with Overfitting
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Ridge Regression
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Analysis — Convolution Neural Network Encoding

—— data
—— prediction
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Analysis — Convolution Neural Network Decoding?
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Analysis — Convolution Neural Network Decoding?
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response

Analysis — Convolution Neural Network Decoding?
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max similarity

Top-1 Accuracy: 29% (guess rate = 1%)

Top-5 Accuracy: 48% (guess rate ~ 14%)
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Summary

Key Findings & FutureDirections

e A simple LASSO regression is able to read-out categorical information about the visual input from higher
visual cortical activities

e A pre-trained (on object recognition) convolution neural network can be a pretty good model of brain
Key Findings responses to images

e The network can be used to “decode” visual image from brain activities

e More advanced decoding methods (i.e., non-linear regression, Bayesian hierarchical models)
Future e Larger network with higher resolution input

Diredions e  Our current model is only predictable of lower cortical area; extend to higher cortical area

Thank you for your listening!

GitHub: https://github.com/lingqiz/STAT-571-DataMining/tree/main/Project
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