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PSIC group (1/2) PuX

» It is integrated with students and researchers
from Computer Science and Electrical

Engineering from INAOE, and other

universities as UDLAP, Universidad Autonoma
de Tlaxcala, BUAP.

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

(c) P.Goémez Gil, INAOE 2016



PSIC group (2/2)

» Researchers (in alphabetical order)

Dr. Vicente Alarcon Aquino- UDLAP

Dr. Israel Cruz Vega- Conacyt fellow-INAOE
Dr. Edgar Garcia-Trevinio - Post-doct UNAM
Dra. Maria del Pilar Gdmez Gil-INAOE

Dr. Juan Manuel Ramirez 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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Knowledge areas

» Computational Intelligence and Machine
learning - for classification and prediction.

» Signal processing - for feature extraction

(c) P.Goémez Gil, INAOE 2016



Non-stationary signals

I\ﬂ ckey-Glass data for A=0.2, B=0.1, tao=17 h=0.9. 550 points of good2.dat
1. — T 7 T T

1.2r

1t

L ] A
0.8 B i,

0.6 ] X — )
L s s
0.4 m 200 300 400 500 600 dt 1+x (t — T)

Long-term prediction of an ECG

Mackey-Glass time series (Glass 1977) (Gomez-Gil et al., 2011)
Fired EEG Spnal (Seerum)

e
o ==

Ampitudo (WV)

§ o §

]‘Wl rrhi““\w W'"]

_ 0 500 1000 1500 2000 2500 3000 3500 4000
ATM withdraws (NN5-001) (Crone 2010) N (numbor of samplos)
EEG of an ictal state

(Juarez-Guerra, 2014)

s Gil, INAOE 2016



WHAT IS A BCI?

(c) P.Gomez Gil, INAOE 2016




Do you remember Star Trek TV series?
Once, capitan Pike had a terrible accident,
being forced to be in a wheel chair (1966)?

Pike was able to communicate with
others only using brain signals

(c) P.Gomez Gil, INAOE 2016 11



(_What iS d C|7 (Graimann et al. 2010)

» A BCl 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 commandes,

» Such translation requires sophisticated signal
processing and patter recognition tasks.

(c) P.Gomez Gil, INAOE 2016 12



Nowdays...

(c) P.Goémez Gil, INAOE 2016
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Important events
(Graimann et al. 2010)

» 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

Gray Walter, Wikipedia

(c) P.Gomez Gil, INAOE 2016 14



An example: BCI for wheelchair
control

electrodes
state feedback
BCI Transducer Control
Display
_..'h"‘-h
~ —, ’

L Artifact Feature Feature Control »| Device —I
amp > Processor | Generator Translator Interface < Controller
Signal Feature Feature Feature Post-

Enhancement |—» Extraction |—»| Selection/ Classification [~% processing

Dimensionality
Reduction

[D’croz Barén 2010]
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Main features of a BCI

» 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.

» BCl 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)

(c) P.Gomez Gil, INAOE 2016 16



BCl is not a way for “reading your
mind”

A popular post in:

Facebook is planning to start scanning your brain
for private information through your computer
monitor. To stop this from happening, go to
Kitchen -> Cabinets -> Upper Right Drawer —>
then REMOVE the box that says ‘Aluminum Foil’.

Then wrap all foil around your head.

Share this to warn all your friends!

(c) P.Goémez Gil, INAOE 2016
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Brain activity detection

Electroencephalogram, EEG
from the scalp
non invasive

Electrocorticogram, ECoG
from the surface of the cortex
invasive

Intracortical recordings
within cortical tissue
invasive

(Graimann et al. 2010)

(c) P.Goémez Gil, INAOE 2016



BCIl strategies

» BCl 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 LEFT ABM TACTOR RIGHT ARM TACTOR

> Selective attention Y 1
QIGHT HAND l ,.*' '."
5 2 0.5
or @
44" sa%
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> Motor imaginary  MoroRmasER

LEFT HAND
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A CI COﬂCEth&' map (Graimann et al. 2010)
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Some examples

» Controlling a air shark with your mind” (sep.

2015):

http://spectrum.ieee.orqg/qgeek-life/hands-on/openbci-control-an-

air-shark-with-your-mind

" Photo: David Yellen
I |
1

(c) P.Goémez Gil, INAOE 2016
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Flying quadrotors with your mind

» http://spectrum.ieee.orq/tech-
talk /biomedical/bionics/flyving-quadrotors-with-your-mind

Mind Over Mechanics

(c) P.Goémez Gil, INAOE 2016
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Feature extraction

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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Sensing EEG signals

10-20 electrode placement system

R AN WA (image taken from
Amplifier-EEG G.Hlamp Juarez-Guerra, 2012)

http://www.gtec.at

EMOTIV-EPOC
https://emotiv.com/support.php
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Example: Discrete wavelet transform
DWT
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Some BCI projects in
INAOE...

T

(c) P.Gomez Gil, INAOE 2016



Controling a robot using BCI.

Commands:
1) Left

2) Right

3) Shift

(Lopez-Espejel, 2015)

BLINKY -

command
identifier

(c) P.Goémez Gil, INAOE 2016
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Blinky: a commmand identifier

Sensing and

pre-
processing Featu_re
extraction-
wavelet
modeling

Neural net
classifier

(Lopez-Espejel, 2015)

delan
EEEEEE

Robot coding [~

Izquierda
"

(c) P.Gomez Gil®



EEG during blinking eyes

B Emotiv TestBench v1.5.0.3 S | (@ Emotiv TestBench v1.503 o @
Apglicaion. Taols  Marker  Help Application  Tools  Marker  Help
Cortact Cusity EES FFT |G | Dote Pockets Cortact Quaity EEG [FFT [Gm | Data Packets
e e R R A AA
A A AN,
= AN
{ A FAR SIS A o 4Ll e H
= F——r ,,f“u’\a’Uw N VNN N AU ANNAA
¥ A Chameis I A R A H o~ I, < %
9 AAA AL e P
= ]
Evert Log Evetlog W s
@ i A AL AA »
= e A\ i~
@
Moz
v
- “
Vi T
| i v
Sop Serkon OSSR b 0 20 0 0 300 000 200 oo Seag QLR B0 e 0 200 30 0 50 1000 1200
Load Daia Sample Load Data Sample
Ready. Ready.
Left e @ Emotiv TestBench v150.3 =@ B th
ye oth eyes.
Cortnet Qualey S5 FFT |Guo | Owa Packe

Crareel Scacna -
™

M frltude

Yin Agituds

Siop Sawng (00008 3]

Load Data

T200

B0
Sample

Right eye

(c) P.Goémez Gil, INAOE 2016

30



Current models and results of

(Juarez-Guerra, 2014)

Capade =zalida

i

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.

(c) P.Goémez Gil, INAOE 2016
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ERD/ERS detection during mental tasks, using

recurrent neural networks (Morales—Flores et al. 2013)

E.EG filter 1

signal a-band o

: (8-13 Hz) Power Feature NezfoljlfFeuzzy Recurrent

g wmp( Spectral (mp = " |- m| Neural  |=»
Pre- : Densi xtraction Inference .
. filter 2 ensity Svst Network |Decision
processing B-band ystem
(14-20 Hz)

task 1
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Recurrent Neural Network

RNN
D \
a'(k - 1)‘
LW,
" i a’(k)- y |Decision
W, 2 0Lt Lw,, 1
I b I b
L I~ : P - J"
Entrada Capa recurrente Capa de salida
a' (k)= tansig(TW,_ p+ LW, a'(k-1}+h,) a’ (k)= purelin(LW, a'(k)+ b,)

i

(Morales-Flores et al., 2013)
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Classification of ictal, mter—lctal
and no-ictal events |
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Biomedical Sighal Processing Using
Wavelet Based —Neural Networks

MoBw EEG dat: 4096 :
B -3 MODWT
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EEG signal analysis

» Detecting P300 waves using DWT and Detecting and using wavelet
independent component analysis analysis and common spacial
(Gerardo Rosas; INAOE, 2011) patterns (Obed Carrera y David

D " Croz; INAOE-Texas Tech; 2011)

wo
time in samples

\ (c) P.Gémez Gil, INAOE 2016 36



Blinking detection and gyroscope
processing system

Click Event
AF3orAF4 " Bandpassfiter [~ ~ Spectral Analysis - Mahalanobis Threshold
EEG [V ™ EMD/DWT Distance post-processing
Pointer movement
Gyroscope digital ~~  Integration Scalin
data v module ~ ng

(Rosas-Cholula et al., 2013)

(c) P.Goémez Gil, INAOE 2016
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Our new project: prediction of
epylepsy

Implantable lead
assemblies

(Cook et al. 2013)

Implantabde
telemetry unit

Personal advisory
device

Figure 1: Major components of sezure advisory system

Intracranial electrode arrays (location shown by grey areas) were used to collect intracranial electroencephalogram
(EEG) data on the cortical surface. Leads were connectad to a subdaviculary placed implanted telemetry unit.
whichwirelessly transmitted data to an external hand-held personal advisory device. The external device received
the telemetered EEG, applied an algorithm to the data. and displayed the resultant information as a series of
advisory lights—blue {low). white (moderate). or red (high) indicators—in addition to an audible tone or vibration,

or both. The hand-held device could be worn on the belt or carried in a bag. 38



A model for predicting seizures
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Conclusions and perspectives

» BCI are here to stay!

» The practical use of BCl 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

(c) P.Gomez Gil, INAOE 2016 40
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