Data-Drive Neuroscience, Neurology and Psychiatry: Feature Extraction,
Brain Connectivity and Classification

Large amounts of imaging data from the brain are now available to better understand the brain and “reverse engineer” the
brain. Signal processing and machine learning can unravel mysteries of the brain and can be used to diagnose various brain
disorders. This talk will describe analysis of functional magnetic resonance imaging (fMRI) data collected from healthy
subjects at the Center for Magnetic Resonance Research (CMRR) of the University of Minnesota (UMN) as part of the U.S.
Human Connectome Project (HCP), analysis of electroencephalogram (EEG) for prediction and detection of seizures from
publicly available datasets, analysis of magnetoencephalogram (MEG) data collected at the Minneapolis VA hospital from
subjects with schizophrenia, and analysis of fMRI data collected at the UMN from adolescents with psychiatric disorders and
healthy controls. One goal of the analysis is to extract appropriate features and design appropriate classifiers. Sub-graph
entropy, a measure of static connectivity, is introduced to discover predictive subnetworks that are used to classify task vs. no-
task or to discriminate two tasks from the task fMRI data collected from the healthy subjects from HCP. Tensor decomposition
approach is used to extract dynamic brain connectivity and is used to predict gender and fluid intelligence of the healthy
subjects from HCP. About 1% of world population suffer from epilepsy. Spectral-domain features, such as spectral powers in
different bands and ratios of spectral power of two different bands extracted from EEG and intra-cranial EEG, are used to predict
and detect seizures with high sensitivity and specificity. Band-power ratios of MEG during word processing task are used as
features to identify subjects with schizophrenia. Resting-State fMRI data are used to design classifiers for identifying three
types of psychiatric disorders among adolescents: borderline personality disorder (BPD), obsessive compulsive disorder (OCD)
and major depressive disorder (MDD) using spectral-domain features and static brain connectivity. In summary, extracting
appropriate biomarkers using spectral-temporal-spatial signal processing approaches and classifying states using machine
learning approaches can assist clinicians in predicting and detecting various brain disorders and to understand more about the
healthy brain. These biomarkers can be tracked to design personalized therapy and effectiveness of therapy by closed-loop
drug delivery or closed loop neuromodulation, i.e., brain stimulation either by invasive or non-invasive means using electrical

or magnetic stimulation.
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