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 The PSIC group in INAOE 

 What is BCI? 

 CI and Signal processing with BCI 

 Some BCI research going on in PSIC 
group 

 Conclusions and Perspectives 
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 It is integrated with students and researchers 
from Computer Science and Electrical 
Engineering from INAOE, and other 
universities as UDLAP, Universidad Autónoma 
de Tlaxcala, BUAP.  

 Among other subjects, we work with the 
development and use of algorithms for 
brain-computer interfaces (BCI). 
 

 

(c) P.Gómez Gil, INAOE 2016 6 

ψυχ 



 Researchers (in alphabetical order) 
◦ Dr. Vicente Alarcón Aquino- UDLAP 
◦ Dr. Israel Cruz Vega- Conacyt fellow-INAOE 
◦ Dr. Edgar García-Treviño – Post-doct UNAM 
◦ Dra. María del Pilar Gómez Gil-INAOE 
◦ Dr. Juan Manuel Ramírez Cortés- INAOE 
◦ Dra. Haydé Peregrina Barreto – INAOE 
◦ Dr. José Rangel Magdaleno – INAOE 

 We collaborate with the “biomedical signals 
Lab” in computer science department and 
“Instrumentation group” in electrical 
engineering department, at INAOE 
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 Computational Intelligence and Machine 
learning – for classification and prediction. 

 Signal processing – for feature extraction 



9 (c) P.Gómez Gil, INAOE 2016 

 

0 100 200 300 400 500 600 
0.4 

0.6 

0.8 

1 

1.2 

1.4 Mackey-Glass data for A=0.2, B=0.1, tao=17 h=0.9. 550 points of good2.dat 

ATM withdraws (NN5-001) (Crone   2010) 

Mackey-Glass time series (Glass 1977)  

)(
)(1

)()(
10

tbx
tx

tax

dt

tdx











Case K.2 

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1 90 179 268 357 446 535 624 713 802 891 980 1069 1158 1247 1336 1425 1514 1603 1692 1781 1870 1959 2048

n

expected

prediction

Long-term prediction of an ECG 
 (Gomez-Gil et al., 2011) 

EEG of an ictal state  
(Juarez-Guerra, 2014) 



10 (c) P.Gómez Gil, INAOE 2016 



(c) P.Gómez Gil, INAOE 2016 11 

BCI was “science fiction”  
at that time!…. 

Pike was able to communicate with  
others only using brain signals 



 A BCI is an artificial system, which goes over 
the common efferent paths of the human 
body, 

 “Efferent” refers to a impulse that goes from 
the central nervous system to the muscles, 

 A brain computer interface “measures” the 
brain activity associated to an user intention, 
translating it to control commands, 

 Such translation requires sophisticated signal 
processing and patter recognition tasks. 
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 1929 – Hans Herber recorded the first external 
brain signals from the scalp (invention of the 
electroencephalograph) 

 1964 – Gray Walter got a patient to “turn on” a 
projector during a open-brain surgery – first BCI!  

 2000’s – around a couple of research labs were 
focusing on BCI. 

 2010 – at least 100 BCI’s labs 

 Today – Hundreds of BCI applications 

   helping people to get a better life,  

   to communicate and enjoy 
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Gray Walter, Wikipedia 
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[D’croz Barón 2010] 



 It implies a direct gathering of brain activity, 
either in a non-invasive or invasive fashion. 

 There is a lot of user feedback. 

 It is done in real time. 

 The user has an intentional control of the 
activities to be executed. 

 BCI may be considered a “neural prosthesis”. 
Other kind of such prosthesis are, for example, 
retina implants, dorsal-cord stimulators, bladder 
controllers, etc. 

 Also known as brain machine interfaces (BMI) or 
direct brain interfaces (DBI) 
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(Graimann et al. 2010) 



 BCI may detect and classify brain signals, 
which may or may not be associated to 
specific brain events.  

 To produce such signals, the user follows 
what is called a “mental strategy”, being the 
most common:  
◦ Selective attention 

◦ Motor imaginary 
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 Controlling a air shark with your mind” (sep. 
2015): 

http://spectrum.ieee.org/geek-life/hands-on/openbci-control-an-
air-shark-with-your-mind 
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 http://spectrum.ieee.org/tech-
talk/biomedical/bionics/flying-quadrotors-with-your-mind 
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Reactive band filters 

 Several studies have found that, for many people, 
the reactive band is located around 9-13 Hz, but it 
may be different for different people. 
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10-20 electrode placement system 
( image taken from  
Juárez-Guerra, 2012) 
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EMOTIV–EPOC  
https://emotiv.com/support.php 

Amplifier-EEG G.Hlamp 
http://www.gtec.at 
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Wavelet : Daubechies 4 
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BLINKY- 
command 
identifier  

(Lopez-Espejel, 2015) 

Commands: 
1) Left 
2) Right 
3) Shift  
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Sensing and 
pre-

processing Feature 
extraction–  

wavelet 
modeling 

Neural net 
classifier 

Robot coding 

(Lopez-Espejel, 2015) 
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Right eye 

Left eye Both eyes. 
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(Juarez-Guerra, 2014) 

 Feature extraction using 
statistics over wavelet 
coefficients 

 Classification using feed-
forward neural networks 

 3 subjects were involved 

 Best case: 84% of recognition, 
using 5 input neurons and 20 
output neurons. 
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(Morales-Flores et al. 2013) 
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(Morales-Flores et al., 2013) 
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Paciente sin eventos                                Durante un evento ictal 
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(Juarez-Guerra, 2014) 

Proposed model: 
MRW-FFWNN 

MODWT 



 Detecting P300 waves using DWT and 

independent component analysis       

(Gerardo Rosas; INAOE, 2011) 

Detecting and using wavelet 
analysis and common spacial 
patterns (Obed Carrera y David 
D´Croz; INAOE-Texas Tech; 2011) 
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(Rosas-Cholula et al.,  2013) 
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(Cook et al. 2013) 



(Texeira, 2014) 



 BCI are here to stay! 

 The practical use of BCI is a real fact today, 
however it requires of highly trained users, 
reliable sensors and excellent processing and 
classification techniques 

 Therefore, a lot of research is needed! 

 Multi-disciplinary teams are “a must” in this 
kind of research 
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