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e |ntroduction
« BCI applications
« BCI research at the UMA-BCI
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« “A Brain-Computer Interface is a communication system
that does not depend on the brain’s normal output

pathways of peripheral nerves and muscles ”

Brain
@! Signal
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A BCI system translates brain activities into output commands without
carring out any movements.

' Control
Signal
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 Different brain activities (thought) or external stimulus
can produce changes in brain signals
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BCI Applications

BCI SYSTEM

. Signal

Acquisition

SIGNAL PROCESSING

Feature Classification
Extraction

Control
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 Virtual Keyboard

— Based on mental tasks discrimination
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 Virtual Keyboard
— Based on the P300 signal: P300-Speller

* Each row and column flash (stimulus)

« Subject count the number of times a symbol flash
» For each flash, a P300 is produced

» After some flashes, the P300 is detected

and the symbol detected.

Video 1

5th July 2026 IARIA Congress 2026 (Nice, France)



UMA

e)w/ BCI Applications

I

IIIIIIIIIII
AAAAAAAA

TenelgaBlcnc

 Prosthesis control

— Based on mental tasks discriminatj
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| UMA-BCI group

. 1- Project INTENTIA (2003-2005)

Brain Computer Interface with training based on virtual reality (T1C2002-04348-
C02-01)

 2- Project BRAINS (2008-2012)
Brain interaction system for disabled people (PO7-TIC-3310)
« 3- Project INCADI (2012-2015)
. Brain-Computer Interfaces aimed at disabled people (TEC2011-26395)
* 4- Project LICOM (2016-2018)

Communication system for people suffering from Locked-in Syndrome
(DPI2015-67064-R)

* 5- Project SICCAU (2019-2021)

Brain interaction system for people with locked-in syndrome (RT12018-100912-
P300 B-100)

Speller | . 6 Project SICODIS (2022-2026)

Brain communication systems for people with severe motor disabilities
(P1ID2021-1272610B-100)

5th July 2026 IARIA Congress 2026 (Nice, France) 9
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« Objective: Improvement of training using VR techniqgues
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INTENTIA project

Video 2

[Ron09a] Ricardo Ron-Angevin, Antonio Diaz Estrella, “Brain—computer interface: Changes in performance using virtual reality techniques”, Neuroscience letters,

449, 2009, pp. 123-127.
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« Objective: Control of a wheelchair in a Virtual environment

- Many commands are necessary

Brain Computer Interface
Fordward
Traitement données 1
I l Right Left
Acquisition Contréle > e
signal EEG Command [control 4
A

Amplificateur Electrodes

Feedback
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Wheelchair control based on mental task discrimination

 How to increase the number of navigation
commands?

— Increasing the number of mental tasks.
 Two mental task: Two commands
 Three mental tasks: Three commands

 Problem:

— An increasing number of classes resulted in a decrease of
the classification accuracy [Obermaier 01], [KroneggOQ7].

— The highest classification accuracy is achieved by
classifying only two classes.

I
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« In a BCI driven wheelchair, for safety concerns, it is
very important to guarantee a high level of
classification

* Anew type of BCI system to control a wheelchair :

— Four different navigation commands
Move Forward

Turn Left - Turn Right

— Only two mental tasks 1
Move Back

5th July 2026 IARIA Congress 2026 (Nice, France)
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*BCI based on two mental tasks discrimination

*Training in safe environment (based on virtual reality
techniques)

«Control interface proposition

Threshold
. y K I 4
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Navigation in VE

TeenolonaElechronica
‘ Universidad de Milaga —
Video 3
[Velal0] Velasco-Alvarez F., Ron-Angevin R., Blanca-Mena M.J., «Free Virtual Navigation Using Motor Imagery Through an Asynchronous Brain-Computer
Interface», Presence, Teleoperators and Virtual Environments, Vol.19, No. 1,. Massachussets Institue of Technology, 2010, pp. 71-81.
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« 2-Training in knowing environment

Video 4
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 3- 3D Environment

Video 5
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« 4- 3D environment without obstacle: To pilot a plane

Brains

Video 6

Brains

Excellence Project of the Junta de Andalucia
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« Objective: Control of a real wheelchair

* First step: Microrobot control in VE (4 commands)
— Discret commands+Visual+Audio cues+ VR

Video 7

5th July 2026 IARIA Congress 2026 (Nice, France) 21
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« Second step: Real microrobot control (4 commands)
— Continuous commands+Audio cues+Real

Video 8

[Vela2013] Velasco-Alvarez, F., Ron-Angevin, R., da Silva-Sauer, L., Sancha-Ros, S., “Audio-cued motor imagery-based brain-computer interface:
Navigation through virtual and real environments”, Neurocomputing, 2013
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« Thrid step: Control of the real wheelchair
Video 9

[Ron2017] Ron-Angevin,R., Velasco-Alvarez,F., Fernandez-Rodriguez,A., Diaz-Estrella,A., Blanca-Mena,M.J., Vizcaino-Martin,F.J., , “Brain-
Computer Interface application: auditory serial interface to control a two-class motor-imagery-based wheelchairl”, Journal of NeuroEngineering and
Rehabilitation, Volume 14, issue 1, May 2017,
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« Objective: Control of domotic system

Voice command emitted by the
UMA-BCI Speller computer Google Assistant

| --'lllluuuu-.u|....>

EEG

Speaker 1

@

Voice command emitted by the
computer

Infrared

Message text

Speaker 2 Contact’s phone

@DD<

Response from Google Assistant or music
from Spotify emitted by the smartphone

- w

[Vela2022] Velasco-Alvarez, F., Fernandez-Rodriguez, A., Ron-Angevin, R., «Brain-computer interface (BCl)-generated speech to control domotic

devices», Neurocomputing, 2022
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Send WA Radio ON

Announcement Radio OFF

Command Air OFF High light

White light Blue light Light OFF

Mid light

Low light

o 0 Yellow light Red light No Control
Del L Start  Del W

Video 10 Example: Spotify

5th July 2026 IARIA Congress 2026 (Nice, France)


video_1_demo_recorte.mp4

Y ma UMABCY

( b . b
‘.r/ g'l.('v_s.
o ¢
UNIVERSIDAD a o A
DE MALAGA

TeenoloafaFlectronica T

Universidad de Malaga

Questions?
Thanks for your attention

Ricardo Ron Angevin (rron@uma.es)
Grupo DIANA (www.diana.uma.es)

BRAIN Project (www.diana.uma.es /brains)
INCADI Project (www.incadi.uma.es)
LICOM Project (www.licom.uma.es)
SICCAU Project (umabci.uma.es/siccau)
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