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Optimization

Optimization approaches
Many problems in Neuroscience can be posed as optimization problems.

Some classification problems can be addressed from the optimization point of
view.

Can we simultaneously optimize a problem and model the relationships between
its components?

Optimization problems
EEG and MEG channel selection.

Brain network topology optimization.

Parameter optimization of compartmental-models.

Spiking network optimization.
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Advanced ML algorithms for brain signal analysis

Desired characteristics

Efficiency and scalability

Highly parallelized and simultaneously-solving approaches

Information-fusion-centered approaches and model generators

Examples

Probabilistic graphical models

Multi-objective optimization methods

Network-based inference methods

Transfer learning algorithms

Multi-dimensional classifiers

Regularization methods.
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Research

Current work
R. Santana, L. Marti, and M. Zhang. GP-based methods for classifier transferability: using brain decoding
across subjects as a test-case. 2017 (In preparation).

D. Carrera, R. Santana, and J. A. Lozano. Vine copula classifiers for the mind reading problem. Progress in
Artificial Intelligence. Vol 5 (4). Pp. 289-305. (2016).

A. Astigarraga, A. Arruti, J. Muguerza, R. Santana, J. I. Martin, and B. Sierra. User Adapted
Motor-Imaginary Brain-Computer Interface by means of EEG Channel Selection based on Estimation of
Distributed Algorithms. Mathematical Problems in Engineering. http://dx.doi.org/10.1155/2016/1435321
(2016).

W-L. Zheng, R. Santana, B-L. Zhang. Comparison of Classification Methods for EEG-based Emotion
Recognition. 2015 Word Congress on Medical Physics and Biomedical Engineering. Pp. 1184-1187. (2015).

R. Santana, A. Mendiburu, and J. A. Lozano. Multi-view classification of psychiatric conditions based on
saccades. Applied Soft Computing. Vol. 31. Pp. 308-316. (2015).
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Research

Previous work
R. Santana, L. McGarry, C. Bielza, P. Larrañaga, and R. Yuste. Classification of neocortical interneurons
using affinity propagation. Frontiers in Neural Circuits. https://doi.org/10.3389/fncir.2013.00185 (2013).

R. Santana, C. Bielza, P. Larrañaga. Regularized logistic regression and multiobjective variable selection for
classifying MEG data. Biological cybernetics 106 (6-7), 389-405. (2012).

R. Santana, C. Bielza, and P. Larrañaga. Conductance interaction identification by means of Boltzmann
distribution and mutual information analysis in conductance-based neuron models. BMC Neuroscience
(Suppl). Vol. 13. Suppl. 1. P100. (2012).

R. Santana, L. Bonnet, J. Legény, A. Lécuyer. Introducing the use of model-based evolutionary algorithms
for EEG-based motor imagery classification. Proceedings of the 14th annual conference on Genetic and
evolutionary (2012).

R. Santana, C. Bielza, and P. Larrañaga. Maximizing the number of polychronous groups in spiking
networks. In Companion Proceedings of the 2012 Genetic and Evolutionary Conference. Pp. 1499-1500.
(2012).

R. Santana, C. Bielza, and P. Larrañaga. Optimizing brain networks topologies using multi-objective
evolutionary computation. Neuroinformatics. Vol. 9. No. 1. Pp. 3-19. (2011).

R Santana, C Bielza, P Larrañaga. An ensemble of classifiers approach with multiple sources of
information. Proceedings of ICANN/PASCAL2 Challenge: MEG Mind Reading. (2011)
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Problem definition

Challenge
Challenge question: Design and implement a classifier that takes as an input the
MEG signals of the test samples (one second of time) and produces as an
output the predicted class label (the type of the video stimulus).

Some particularly challenging characteristics
Problem dimensionality (1380 × 204 × 200).

Class imbalance problem with five classes.

Potential inter-session variability.

Prediction is based on the 1s window alone.

Samples are given in random order.
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Solution approach

Main characteristics
Use information from all frequencies.

Simultaneously use features from different sources of
information.

Apply feature selection using statistical tests.

Combine different types of (supervised and unsupervised)
ensembles of classifiers.
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Type of information

Type of information
1 Raw data: Construct a raw data vector adding every 4 contiguous time series

data points.
2 Channel correlation: Correlation matrix from raw time series.
3 Mutual information between channels: Matrix of mutual information between raw

time series.
4 Topological network measures from interaction graph.

Type of information Factors No. features
Raw 50 × 204 10200

Correlation (203 × 204)/2 20706
Mutual Inf. (203 × 204)/2 20706

Interaction graph (13 × 204) + 7 2669
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Network measures

Local (for each vertex)
1 Betwenness centrality
2 Pair distance
3 Node eccentricity
4 Clustering coefficient
5 Indegree
6 Outdegree
7 Motif frequency, M = 3
8 Maximum modularity
9 Vertex participation coefficient

Global (for the graph)
1 Assortativity coefficient
2 Characteristic path length
3 Network radius
4 Network diameter
5 Ndensity
6 Number of vertices
7 Number of edges
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Feature selection

Selected features for each type of information and
frequency

Information-Freq Full 2Hz 5Hz 10Hz 20Hz 35Hz
Raw 236 0 0 0 0 0

Correlation 547 64 122 501 806 3566
Mutual Inf. 31 5 14 49 98 356

Interaction graph 16 0 0 39 61 349
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Classification approach

Classification methods
Regularized multi-logistic regression classifier (Friedman
et al. 2009).

Affinity propagation (Frey and Dueck, 2007).

Regression trees (Quinlan,1992).

Strategy

For each classification method, there is one ensemble of
36, 16 and 26 classifiers, respectively.

5-fold cross-validation is used to estimate classification
accuracy for the supervised methods.
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Classification

Affinity propagation

Message-passing-based clustering method.

Input: Set of points, similarity values between the points,
and a preference value for each point.

Output: Set of clusters and an exemplar for each cluster.

Supervised classification

Training and test samples are clustered together.

Only training samples can be exemplars.

Test samples are assigned the class of its exemplar.
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Figura : AP classification of neurons according to morphology.

Santana Machine learning methods for BCIs



Intelligent Systems Group
Optimization and ML problems in Neuroscience

Mind reading challenge
Other research interests

Classification

Ensemble of AP-based classifiers
26 reduced datasets are created from the different subsets
of features.

11 similarity measures are used (e.g. Euclidean,
correlation, cosine, etc.).

Affinity propagation is applied to the (26 × 11 = 286)
combinations.

Clusterings with accuracy above 0,6 are selected (16 out
of 286).
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Classification

Ensemble combination
For each classification method, class probabilities were
computed from the set of ensembles classifiers.

Weights for multi-logistic and tree regression are computed
from the accuracies obtained using cross-validation.

Weight for AP is equal to weight for regression trees.

Voting scheme

pF = 0,4pMLRSet + 0,3pAPSet + 0,3pRegTree
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Figura : Left) Results of the Mind Reading challenge. Right) Recent
results using copula vines.
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Probabilistic graphical models

Potential PGM applications in brain recording analysis

Modeling relationships between mental states and brain
recordings.

Representing probabilistic dependencies between brain
regions learned from recorded signals.

Unveil hidden relationships between channels signal
output which could eventually serve as brain signatures.

Modeling BCI demographics.
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