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En esta presentación

• Interfaces Cerebro-Computaroda

• Ritmos sensorimotores

• Brain switch asincrónico

• Estudios en línea
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Interface Cerebro-Computadora (BCI)

• Es un sistema que otorga una nueva 
vía de comunicación no muscular entre 
el cerebro de una persona y una 
computadora
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BCI no invasivas
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BCI basadas en EEG

• Activas: No requieren de estimulación exógena y 
ninguna actividad muscular.

• Pasivas: Requieren de estimulación externa para 
evocar una respuesta y alguna actividad muscular.
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Ritmos sensorimotores

• Las oscilaciones de la corteza sensorimotora cambian 
de forma dinámica con la ejecución del movimiento de 
algún miembro
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(De)sincronía relacionada a eventos
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(De)sincronía relacionada a eventos
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Patrones estables

• Los fenómenos ERD/ERS están presentes durante

–movimiento voluntario,
–movimiento pasivo,
–imaginación de movimiento y
–movimiento inducido por estimulación eléctrica 

funcional
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• Organización somatotópica estrícta
• Componentes frecuenciales somatotopicamente 

específicos
• “Cross-talk” entre las áreas de representación y el 

área motora suplementaria
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Características del 
Beta ERS o beta-rebound
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Nuevas aplicaciones de BCIs

• En la acutalidad las BCI son atractivas como control 
alternativo para el público en general
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derivation was possible, means one electrode was directly over 

e.g. C3, the remaining four were placed 2.5cm anterior, posterior, 

lateral and medial to this position. The reference electrode was 

mounted at the left mastoid; the ground electrode was mounted at 

the right mastoid. EEG was recorded using gBsamp (g.tec, Guger 

Technologies, Graz Austria) amplifier, 0.5 – 50 Hz band pass 

filter, Notch filter on, and a sensitivity of 100uV. The sampling 

rate was 250 Hz. 

2.3 Data Processing 
The real-time Graz-BCI system is based on Matlab and Simulink 

using RealTimeWindowsTarget toolbox (The Mathworks Inc, 

Nattick USA). Online Laplace derivation CLAP was computed 

applying equation (1) in a sample by sample basis. Here Ccenter 

was e.g. C3, Csurr were the orthogonally surrounding electrodes. 
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Further, logarithmic band power features were computed by 

filtering, squaring and averaging (window was 1s) the EEG data, 

also in a sample by sample way. By applying Fisher’s linear 

discriminant analyses (LDA), which weights were trained during 

the cue-based training period, a classification was realized. The 

LDA distance was then used to evaluate the brain pattern. 

2.4 “Jump and Run” Game 
For the purpose of subject training a computer game like 

paradigm was created in form of a “Jump and Run” game. 

Subjects were controlling a jumping ball and had the task to 

leapfrog obstacles presented in random intervals between 10s and 

15s along the way. The obstacles were presented in form of small 

hills with the length of 1 or 3s. Each time the LDA output was 

exceeding a selected threshold (TH = class mean plus one time its 

standard deviation) the difference between the actual LDA output 

and the threshold was mapped to the height of the ball. Subjects 

were instructed to perform motor imagery only to over jump the 

obstacles (Fig.1) and not in the periods in-between. Six runs (each 

lasted 300s) with ten short and ten long obstacles each were 

performed. At the upper left corner of the screen, a number 

corresponding to the game performance was displayed. It 

increased, when the ball moved over the obstacles. 

 

Figure 1: “Jump and Run” game. The task was to leapfrog 

short and long obstacles. 

For further analyses EEG data, landscape and the way of the ball 

are stored. 

2.5 Data Analyses 
To receive a more detailed analyses compared to the performance 

measure during the game, the ball movement was analyzed. 

Therefore, four parameters were defined. The true positives (TPs) 

display whether the ball was correctly moving over the obstacles. 

Here the maximum number was 40s (100%). The false positives 

(FPs) give the time when the ball was jumping without moving 

over the hills (maximum 260s, 100%). Taking into account that a 

user will starting earlier to jump before the hill begins, and also 

jumps a little wider then the hills’ duration, the number of TP and 

FP was calculated in a second way. Additionally to the duration 

of the hill, one second was attached at the beginning as well as at 

the end of the hill, receiving hill durations with 3 and 5s (see 

Figure 2). 

 
Figure 2: Definition of TP and FP. A) Using the strict criteria, 

TPs are defined only for the duration of the hill. B) TPs with 

additional time to start jumping before the hill begins and 

time after the hill ended. This time was defined with 1s. 

3. RESULTS 
Table 1 represents the number of TPs and FP for both, the strict 

and weak conditions during 6 runs (total 30min) of 5 subjects. 

Table 1. Results of pulse-width modulated brain switch during 

6 runs (total 30 min) “Jump and Run” game. Electrode 

position and the type of imagination is presented in column 2 

and 3 (R.. right hand, L.. left hand, F.. feet). TP% and FP% 

during strict conditions, TPw% and FPw% during weak 

conditions. Numbers in () represent the maximum time for 

each condition. 

subject electr.

pos. 

type 

imag. 

TP% 

(40) 

FP% 

(260) 

TPw%

(80) 

FPw%

(220) 

ak10 C3 R 55 29 51 26 

al4 C4 L 94 37 92 27 

al7 C3 F 51 49 52 48 

al9 C3 R 56 24 54 19 

al10 C3 L 95 41 90 33 

 

Videojuegos

self_paced_bci_r7.doc (7/19/2007)  CIN: Special Issue on Brain Computer Interfaces 

Draft  page 10 of 20 

 

 

Figure 3. A. The freeSpace Virtual Environment. The screenshot shows the tree, some hedges and a 

coin to collect. In the lower mid part of the screen the navigation commands are shown. The number 

of collected coins and the elapsed time are presented in the upper left and right side, respectively. For 

orientation a map showing the current position (red dot) was presented. B. Presentation of the VE on a 

conventional computer screen. C. Stereoscopic visualization of the VE on a projection wall 

(perspective point of view). 
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Brain switch asincrónico

• Una BCI que detecta un único patrón en el EEG

• Problemas para un “uso fuera del lab”
– Montaje sencillo

– Estrategia simple para generar un classificador (confiable)

– Retroalimentación rápida

– Apropiada para usuarios sanos

• soluciones
– conjunto reducido de electrodos : derivación Laplaciana

– uso de un patrón cerebral estable: beta ERS

– optimización rápida (clasificador y características): SVM / LDA + DSLVQ

– entrenamiento con ejecución real de movimiento: flexión balística de pies
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Esquema
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Metodología
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Preguntas

• Es posible...

– detectar la ejecución de movimiento con una 
sóla derivación Laplaciana?

–utilizar la beta ERS para un brain switch?

–detectar imaginación de movimiento (MI) con 
un clasificador entrenado con ejecución de 
movimiento (ME)?
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Solis-Escalante et. al. 2008

Pfurtscheller and Solis-Escalante 2009

Solis-Escalante et. al.  submitted
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Detección de ME
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Uso de beta ERS para un brain switch

• 5 sujetos, clasificador: SVM + 29 características

• Clasificación de MI con ERD y ERS
• ERD con un TPR  máximo de 0.39  (promedio 0.28)
• ERS con un TPR máximo de 0.79 (promedio 0.59)
• FPR fue mantenido abajo de 0.10
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ME-MI

• 9 sujetos, clasificador: SVM + 29 características
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• Es posible...

– detectar la ejecución de movimiento con una 
sóla derivación Laplaciana.

–utilizar la beta ERS para un brain switch.

–detectar imaginación de movimiento (MI) con un 
clasificador entrenado con ejecución de 
movimiento (ME)?
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Respuestas
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y ERD+ERS podría mejorar el desempeño

ERS es una mejor característica que ERD

con un trade-off de 83%
pudiendo mejorar con una actualización del clasificador y 

entrenamiento del usuario
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Experimentos en línea

• Brain switch de rápida configuración
• Control de una mano virtual con un brain switch

• Diseño en 3 etapas

–ME guiada

–MI guiada

–MI libre
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Resultados

• Brain switch de rápida configuración

–4 sujetos, certeza promedio
–clasificador: LDA + 1 característica
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Resultados

• Control de una mano virtual con un brain switch

–6 sujetos
–clasificador: LDA con 2 características (ERD + ERS)
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Resumen

• Nuevas aplicaciones de BCI para usuarios sanos

• Los patrones ERD y ERS son similares entre diferentes tipos de 
movimiento

• Este trabajo presenta un brain switch con una FPR baja y de rápida 
configuración
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Trabajo futuro
• Configuración automática

• Maximización del trade-off

• Combinación con otras BCI (BCI híbrida)
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