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BCI - Brain Computer Interfaces

BMI - Brain Machine Interfaces

Brain Controlled …           
... Robot

… Machine
… Home

... Automation
...
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Think & make it happen
with none any physical effort
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Fonte: Bing Chat
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https://neurosky.com/biosensors/eeg-sensor/ultimate-guide-to-eeg/
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SALIH, Thair A.; ABDAL, Yasir M.. Brain computer interface based smart keyboard using neurosky mindwave headset. TELKOMNIKA Telecommunication, Computing, Electronics and 
Control Vol. 18, No. 2, April 2020, pp. 919~927
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GANDHI, Vaibhav. Brain computer interfacing for assistive robotics. Electroencephalograms, Recurrent Quantum Neural Networks and User-Centric Graphical Interfaces. London : Elsevier, 2015.
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SCHALK, Gerwin; MELLINGER, Jürgen. A Practical Guide to Brain–Computer Interfacing with BCI2000. General-Purpose Software for Brain–Computer Interface Research, Data Acquisition, Stimulus Presentation, and Brain 
Monitoring. London : Springer-Verlag, 2010.
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SCHALK, Gerwin; MELLINGER, Jürgen. A Practical Guide to Brain–Computer Interfacing with BCI2000. General-Purpose Software for Brain–Computer Interface Research, Data Acquisition, Stimulus Presentation, and Brain 
Monitoring. London : Springer-Verlag, 2010.
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KREBS, Claudia; WEINBERG, Joanne; AKESSON, Elizabeth. Neurociências ilustrada. Porto Alegre : Artmed, 2013.
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BEAR, Mark F.; CONNORS, Barry W.; PARADISO, MIchael A. Neurociências: desvendando o sistema nervoso. Porto Alegre : Artmed, 2017.
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BEAR, Mark F.; CONNORS, Barry W.; PARADISO, MIchael A. Neurociências: desvendando o sistema nervoso. Porto Alegre : Artmed, 2017.
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BEAR, Mark F.; CONNORS, Barry W.; PARADISO, MIchael A. Neurociências: desvendando o sistema nervoso. Porto Alegre : Artmed, 2017.
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LENT, Roberto. Cem bilhões de neurônios. Conceitos fundamentais de neurociência. 2. ed. São Paulo : Atheneu, 2010.
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SCHALK, Gerwin; MELLINGER, Jürgen. A Practical Guide to Brain–Computer Interfacing with BCI2000. General-Purpose Software for Brain–Computer Interface Research, Data Acquisition, Stimulus Presentation, and Brain 
Monitoring. London : Springer-Verlag, 2010.

A - Os eletrodos são colocados de 
forma não invasiva, no couro cabeludo 
(eletroencefalografia, EEG)

B - Os eletrodos são colocado na 
superfície do cérebro 
(eletrocorticografia, ECoG)

C - Os eletrodos são colocados de 
forma invasiva dentro do cérebro (um 
único neurônio, gravações)
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LENT, Roberto. Cem bilhões de neurônios. Conceitos fundamentais de neurociência. 2. ed. São Paulo : Atheneu, 2010.
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LENT, Roberto. Cem bilhões de neurônios. Conceitos fundamentais de neurociência. 2. ed. São Paulo : Atheneu, 2010.
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LENT, Roberto. Cem bilhões de neurônios. Conceitos fundamentais de neurociência. 2. ed. São Paulo : Atheneu, 2010.
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SCHALK, Gerwin; MELLINGER, Jürgen. A Practical Guide to Brain–Computer Interfacing with BCI2000. General-Purpose Software for Brain–Computer Interface Research, Data Acquisition, Stimulus Presentation, and Brain 
Monitoring. London : Springer-Verlag, 2010.
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SCHALK, Gerwin; MELLINGER, Jürgen. A Practical Guide to Brain–Computer Interfacing with BCI2000. General-Purpose Software for Brain–Computer Interface Research, Data Acquisition, Stimulus Presentation, and Brain 
Monitoring. London : Springer-Verlag, 2010.

Neuroengenharia
Pesquisadores captaram, por meio de microeletródios inseridos no cérebro de um macaco a 
atividade elétrica simultânea de grande número de neurônios, encarregados da programação 
motora do braço (fig. A)
Depois, os padrões de movimento para coletar uma fruta foram analisados e um braço robótico 
pode ser acionado a partir dos movimentos detectados (Fig. B)
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KREBS, Claudia; WEINBERG, Joanne; AKESSON, Elizabeth. Neurociências ilustrada. Porto Alegre : Artmed, 2013.



si
m

ao
@

uf
pr

.b
r -

 2
02

3

LENT, Roberto. Cem bilhões de neurônios. Conceitos fundamentais de neurociência. 2. ed. São Paulo : Atheneu, 2010.
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KREBS, Claudia; WEINBERG, Joanne; AKESSON, Elizabeth. Neurociências ilustrada. Porto Alegre : Artmed, 2013.
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O que estudar? Exemplos...
● Artérias – se falta sangue em uma área um 

comportamento ou movimento pode ser 
prejudicado

● Drogas – como a química funciona e afeta o 
funcionamento do cérebro

● Comportamento – estruturas cognitivas e seus 
problemas
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O que estudar? Exemplos...
● Sinais

– Como descobrir, ou ‘tentar descobrir’ o que está 
acontecendo no cérebro em função dos sinais captados 
a partir de seu funcionamento

● As interações entre os neurônios são eletroquímicas, geram 
sinais (e campos) elétricos
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https://www.bci2000.org/mediawiki/index.php/DownloadBCI2000
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SCHALK, Gerwin; MELLINGER, Jürgen. A Practical Guide to Brain–Computer Interfacing with BCI2000. General-Purpose Software for Brain–Computer Interface Research, Data Acquisition, Stimulus Presentation, and Brain 
Monitoring. London : Springer-Verlag, 2010.



si
m

ao
@

uf
pr

.b
r -

 2
02

3

SCHALK, Gerwin; MELLINGER, Jürgen. A Practical Guide to Brain–Computer Interfacing with BCI2000. General-Purpose Software for Brain–Computer Interface Research, Data Acquisition, Stimulus Presentation, and Brain 
Monitoring. London : Springer-Verlag, 2010.
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Monitoring. London : Springer-Verlag, 2010.

Olho piscando Olho movimentando

Músculo atuando
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Common average reference (CAR)
vi é a diferença de potencial entre o 
eletrodo ith e a referência, e n é o número 
total de eletrodos.

Quando i = j, o CAR pode sofrer um sobre 
ajuste (over-fit), pois o potencial do i-
ésimo eletrodo é reduzido devido ao 
processo de média utilizado, podendo ser 
reduzido não incluindo-se o i-ésimo 
eletrodo na soma.

GANDHI, Vaibhav. Brain computer interfacing for assistive robotics. Electroencephalograms, Recurrent Quantum Neural Networks and User-Centric Graphical Interfaces. London : Elsevier, 2015.
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GANDHI, Vaibhav. Brain computer interfacing for assistive robotics. Electroencephalograms, Recurrent Quantum Neural Networks and User-Centric Graphical Interfaces. London : Elsevier, 2015.

Preprocessamento
● Refering Method
● Principal Component Analysis, PCA
● Independent Component Analysis, ICA
● Common Spatial Patterns, CSP
● Neural Time Series Prediction Preprocessing, 

NTSPP
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GANDHI, Vaibhav. Brain computer interfacing for assistive robotics. Electroencephalograms, Recurrent Quantum Neural Networks and User-Centric Graphical Interfaces. London : Elsevier, 2015.

Neural Time Series Prediction Preprocessing, NTSPP
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GANDHI, Vaibhav. Brain computer interfacing for assistive robotics. Electroencephalograms, Recurrent Quantum Neural Networks and User-Centric Graphical Interfaces. London : Elsevier, 2015.

PDF = probability density 
function
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GANDHI, Vaibhav. Brain computer interfacing for assistive robotics. Electroencephalograms, Recurrent Quantum Neural Networks and User-Centric Graphical Interfaces. London : Elsevier, 2015.
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SCHALK, Gerwin; MELLINGER, Jürgen. A Practical Guide to Brain–Computer Interfacing with BCI2000. General-Purpose Software for Brain–Computer Interface Research, Data Acquisition, Stimulus Presentation, and Brain 
Monitoring. London : Springer-Verlag, 2010.

O peso wh,i é uma 
função da distância 
dh,i entre o eletrodo 
de interesse h e seu 
vizinho i

Superfície Laplaciana
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TATUM, Willian O.; HUSAIN, Aatif M.; BENBADIS, Selim R. Handbook of EEG interpretation. Florida : Demos Medical Publishing, 2008.
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NeuroSky  
MindWave
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RAMESH, Siliveru;  KRISHNA, M.Gopi; NAKIREKANTI, Madhu. Brain Computer Interface System for Mind Controlled Robot using Bluetooth. International Journal of Computer Applications (0975 – 8887), Volume 104 
–  No 15, October 2014.
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GOUTHAM, P; SHIVARAJ, Hosad; VINAY, K.; PRAJWAL, S,; SHETTY, Shreshta Subodh K. Mind Controlled Robot. IJESC, Volume 11 Issue No.07, July 2021.
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Imagens: do autor

Sensor 
frontal

Sensor no 
lóbulo

O sensor 
frontal mede 

o grau de 
‘meditação’, 
enquanto o 
sensor no 
lóbulo da 

orelha mede 
frequência 
cardíaca/ 

resistência 
da pele/ 
serve de 

referência
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Imagens: do autor

Visão 
interna do 
NeuroSky 
Mindwave

Visão do 
chip de 

análise de 
dados e 

do 
módulo 

bluetooth
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KARVINEN, Tero; KARVINEN, Kimmo. Make a mind-controlled Arduino robot: use your brain as a remote. O’Reilly : Sebastopol, CA, USA, 2011.
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KARVINEN, Tero; KARVINEN, Kimmo. Make a mind-controlled Arduino robot: use your brain as a remote. O’Reilly : Sebastopol, CA, USA, 2011.

Comunicação com o módulo, sem bibliotecas

Usa o protocolo de comunicação do 
mindwave

EEG Raw
 Attention int 0-100
Mediation int 0-100

Blink Strength int 0-255
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https://www.instructables.com/Brainwaves-Fly-a-Drone/

https://newatlas.com/udrone-mind-controlled-drone-umind-review/58791/
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https://uavcoach.com/mind-control-drone/

https://www.hackster.io/WesleyCMD/mind-control-drone-c8b28a
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Imagens: do autor  / Aliexpress

Módulo 
TGAM

‘Kit’ 
TGAM

Placa com chip de 
análise de dados, 
módulo bluetooth, 
eletrodo sensor de 
ondas frontal e dois 
plugues para os 
lóbulos
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Cópia de tela da execução do software MindViewer, capturando ondas cerebrais do autor por meio do módulo TGAM

delta (2-4Hz), theta (4-8Hz), alpha (8-12Hz), beta (15-30Hz), gamma (30-80Hz)
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Cópia de tela da execução do software MindViewer, capturando ondas cerebrais do autor por meio do módulo TGAM



si
m

ao
@

uf
pr

.b
r -

 2
02

3



si
m

ao
@

uf
pr

.b
r -

 2
02

3



si
m

ao
@

uf
pr

.b
r -

 2
02

3

https://developer.neurosky.com/features/mindcraft/
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Textos utilizados como base de discussão 
na disciplina de Tópicos Emergentes / BCI 
e Neuroética, UFPR-PPGGI. Ver 
referências a seguir.
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https://www.wsj.com/articles/chinas-efforts-to-lead-the-way-in-ai-start-in-its-classrooms-11571958181

Um número crescente de 
salas de aula na China 
está equipado com 
câmeras de inteligência 
artificial e rastreadores 
de ondas cerebrais. 
Embora muitos pais e 
professores os vejam 
como ferramentas para 
melhorar as notas, eles 
se tornaram o pior 
pesadelo de algumas 
crianças.
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use your brain as a remote. O’Reilly : Sebastopol, CA, USA, 2011.



si
m

ao
@

uf
pr

.b
r -

 2
02

3

RAMESH, Siliveru;  KRISHNA, M.Gopi; NAKIREKANTI, Madhu. Brain Computer 
Interface System for Mind Controlled Robot using Bluetooth. International 
Journal of Computer Applications (0975 – 8887), Volume 104 – No 15, October 
2014.

GANDHI, Vaibhav. Brain computer interfacing for assistive robotics. 
Electroencephalograms, Recurrent Quantum Neural Networks and User-Centric 
Graphical Interfaces. London : Elsevier, 2015.

GOUTHAM, P; SHIVARAJ, Hosad; VINAY, K.; PRAJWAL, S,; SHETTY, Shreshta 
Subodh K. Mind Controlled Robot. IJESC, Volume 11 Issue No.07, July 2021.

TATUM, Willian O.; HUSAIN, Aatif M.; BENBADIS, Selim R. Handbook of EEG 
interpretation. Florida : Demos Medical Publishing, 2008.
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simao@ufpr.brImagem: Google
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