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Motivation

Motivation

® | ocked-in syndrome is a neurological disorder characterized by complete
paralysis of voluntary muscles in all parts of the body.
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Locked-in Syndrome (LIS)

®» Complete paralysis of voluntary muscles in all parts of the body except those
that control blinking and eye movements.

® Patients are conscious and can think and reason but can not speak or move
anything except their eyes.

® Communication with patients suffering from locked-in syndrome and other
forms of paralysis is a challenge.

® The last possibility for those with motor disabilities is to provide the brain with a
new, non-muscular communication and control channel, a direct brain computer
interface for conveying messages and commands to the external world.



Introduction

What is Brain Computer Interface?

= Brain Computer Interface (BCl) is a system that can be used for direct
communication between a computer and the brain without actual
muscular movements.

A brain-computer interface is a technology which allows humans to
communicate/control or interact with a computer/electronic device
via thought.



Introduction

Goal of BCI Research

* The basic goal of BCI systems is to provide communications
capabilities to severely disabled people who are totally paralyzed
or ‘locked in’ by neurological neuromuscular disorders

user thinks and the computer
recognizes what he thought
about

—
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=» Brain Computer Interface (BCl)
=>» Brain Machine Interface (BMl)
=>» Direct Neural Interface

=» Mind—Machine Interface (MMI).



BCI Principle:

(a) In healthy subjects, primary motor area sends movement
commands to muscles via spinal cord.

(b) But in paralyzed people this pathway is interrupted.

(c) A Computer based decoder is used, which translates this
activity into commands for muscle control.
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A robotic arm control
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Robot Control







Type With Your Brain




Playing Games




Environmental Control

 Another important challenge for people with severe physical
disabilities is controlling devices in the environment, for
example, a television, a thermostat, or video recorder.
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Bensch, Michael, et al. "Nessi: an EEG-controlled web browser for severely paralyzed patients." Computational intelligence and neuroscience 2007

(2007).

BCI Controlled web browser
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Emotion Recognition
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Mood Recognition

Mood Recognition System Using EEG
Signal of Song Induced Activities

Table 13.1 Mental tasks with their description

Sr. no Mental task Description
| Relax Subject was asked to lie on bed without any activity
2 Happy Subject listen to the happy mood song such as

1. Koyal Boli Duniya Doli

Singer:-Lata Mangeshkar and Rafi

2. Meri Zindagi Mein Aaye Ho

Singer:-Sonu Nigam and Sunidi Chavvan

3 Sad Subject listen to the sad mood song such as

. Tanhaai, tanhaai

Singer:-Sonu Nigam

2. Khone Dil Se Wo Mehndi Ratachne Lage

Singer:-Poonam Kumar

4 Romantic Subject listen to the romantic mood song such as

1. Rim Jhim Ke Geet Sawan

Singer:-Lata Mangeshkar and Rafi

2. Ajnabii Mujhko Itna Bataa

Singer:-Lata Mangeshkar

5 National Subject listen to the patriotic mood song such as

1. Mere Desh Kee Dharatee, Sonaa Ugale

Singer:-Mehendra Kapoor,

2. Yahan Yahan Saara Jahan Dekh Liya

Singer:-A.R. Rehman




Lie Detection

PSYCHOPHYSIOLOGY Vol. 28, No. §
Copynght @ 1991 by The Society for Psychophysiological Research, Inc. Printed in US.A

The Truth Will Out: Interrogative Polygraphy (“*Lie
Detection’) With Event-Related Brain Potentials

LAWRENCE A. FARWELL AND EMANUEL DONCHIN
Cognitive Psychophysiology Laboratory, University of lllinois at Urbana-Champaign

ABSTRACT

The feasibility of using Event Related Brain Potentials (ERPs) in Interrogative Polygraphy (“Lie
Detection™) was tested by examining the effectiveness of the Guilty Knowledge Test designed by
Farwell and Donchin (1986, 1988). The subject is assigned an arbitrary task requiring discrimination
between experimenter-designated targets and other, irrelevant stimuli. A group of diagnostic items
(“probes™), which to the unwitting are indistinguishable from the irrelevant items, are embedded
among the irrelevant. For subjects who possess “guilty knowledge™ these probes are distinct from
the irrelevants and are likely to elicit a P300, thus revealing their possessing the special knowledge
that allows them to differentiate the probes from the irrelevants. We report two experiments in
which this paradigm was tested. In Experiment 1, 20 subjects participated in one of two mock
espionage scenarios and were tested for their knowledge of borh scenarios. All stimuli consisted of
short phrases presented for 300 ms each at an interstimulus interval of 1550 ms. A set of items were
designated as “targets” and appeared on 17% of the trials. Probes related to the scenarios also
appeared on 17% of the trials. The rest of the items were irrelevants. Subjects responded by pressing
one switch following targets, and the other following irrelevants (and, of course, probes). ERPs were
recorded from F,, C,, and P,. As predicted, targets elicited large P300s in all subjects. Probes

Farwell, Lawrence A., and Emanuel Donchin. "The truth will out: Interrogative polygraphy (“lie detection”) with event-related brain
potentials." Psychophysiology 28.5 (1991): 531-547.



Brain Fingerprinting

 Brain fingerprinting is a technology designed to determine hidden
information in individual's brain by measuring electrical brain
wave responses to words, phrases, or pictures presented on a
computer screen.

BRAIN FINGERPRINTING



Monkey thinks, Robot does!

P Experiments with monkey operating a robotic arm with its mind




Brain-Spine Interface
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to control his limb after spinal
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Capogrosso, Marco, et al. "A brain—spine interface alleviating gait deficits after spinal cord injury in primates.” Nature539.7628 (2016): 284.



Reverse BCI




Ratbot!

e Reverse BCI

SCIENTISTS COMNMTROL RAT'S MOVEMEMNTS

1. The scientist sends signals to a rat's brain.

2. The rat is instructed %, |
wihich way to move by = |
the technology

k] !I
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Scientists hack
rat brains to control their imbs -
making them run, freeze and turn
around at the flick of a switch

Terrifying advance allows scientists to control movement after
minor surgery which could go unnoticed

O @ COMMENTS

PICTURE walking down a street and suddenly freezing up - with no control of your
limbs - because a scientist is remotely controlling your brain.

The nightmarish scenario is now feasible, thanks to a terrifying scientific advance by
LS scientists.
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Figure 1. Schematic for the real-time rat-navigation experiment. Each experimental trial comprised a



Providing a Sense of Touch to human




Artificial Vision for the Blind




Artificial Vision for the Blind by Connecting a Television Camera
to the Visual Cortex

Dobelle, Wm. H.

ASAIO Journal: January-February 2000 - Volume 46 - Issue 1 -p 3-9
State of the Art

Abstract Author Information Article Outline

Blindness is more feared by the public than any ailment with the exception of cancer and AIDS. We report the
development of the first visual prosthesis providing useful “artificial vision™ to a blind volunteer by connecting a
digital video camera, computer, and associated electronics to the visual cortex of his brain. This device has been
the objective of a development effort begun by our group in 1968 and represents realization of the prediction of an
artificial vision system made by Benjamin Franklin in his report on the “kite and key” experiment, with which he
discovered electricity in 1751,

This new visual prosthesis produces black and white displays of visual cortex “phosphenes” analogous to the images
projected on the light bulb arrays of some sports stadium scoreboards. The system was primarily designed to promote

Dobelle, Wm H. "Artificial vision for the blind by connecting a television camera to the visual cortex." ASAIO journal 46.1 (2000): 3-9.



TECHNOLOGY TO BEAT BLINDNESS
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1 A tiny video camera in the bridge
of the glasses captures moving
images and sends them viaa

wire to a computer

2 The computer unit, carried ina
pocket, transforms the images into
electrical signals and sends them
back to an antenna on the glasses

3 The signals are then transferred
wirelessly to a receiver implanted
on the back of the skull

4 They are sent on to electrodes
placed on the surface of the brain

5 The electrodes stimulate the
neural cells in the visual cortex -
enabling the wearer to see




Restoring Hearing: Cochlear Implants
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Transformation of sound into neural signals in the cochlea. (Image: Creative
Commons).

Schematic diagram of a cochlear implant. The external components consist of a micro-
phone, a sound processor, and a transmitter of power and processed signals. The internal
components consist of a receiver and stimulator, along with an array of electrodes that can be
seen wound up within the cochlea in the figure. (Image: Creative Commons).



FROM THE APRIL 2014 ISSUE

Brain-Machine Interface Could Give
\Voice to the Voiceless

A speech prosthetic could give voice to people who can't
speak, by converting their brain activity into words.

By Cordy Slack | Monday, March 17, 2014

RELATED TACS: BRAIN STRUCTURE & FUNCTION, MEDICAL TECHNOLOGCY
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Brain-to-brain interface




Brain-to-brain interface
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Scientists at the University of Washington have successfully completed brain-
to-brain communication experiment. It allowed two people located a mile
apart to play a game of "20 Questions" using only their brainwaves, a nearly
imperceptible flash of light, and an internet connection to communicate.

Stocco A, et al. (2015) Playing 20 Questions with the Mind: Collaborative Problem Solving by Humans Using a Brain-to-Brain
Interface. PLoS ONE 10(9): e0137303



Bibliography

1. Akram, F.; Han, H.S.; Kim, T.S. A P300-Based Brain Computer Interface System for Words Typing.
Comput Biol Med 2014 45, 118—125
2. Akram, F.; Han, S.M.; Kim, T.-S. An Efficient Word Typing P300-BCI System Using a Modified T9

Interface and Random Forest Classifier. Comput Biol Med 2015, 56, 30-36,
doi:10.1016/j.compbiomed.2014.10.021.

3. Masud, U.; Saeed, T.; Akram, F.; Malaikah, H.; Akbar, A. Unmanned Aerial Vehicle for Laser Based
Biomedical Sensor Development and Examlnatlon of DeV|ce Trajectory. Sensors 2022, Vol. 22, Page 3413 2022,
22,3413, doi:10.3390/522093413.

4, Igbal, A.; Akram, F.; Ul Hag, M.l.; Ahmad, |I. A Comprehensive Assistive Solution for Visually
Impaired Persons. Proceedings - 2022 2nd International Conference of Smart Systems and Emerging
Technologies, SMARTTECH 2022 2022, 60—65, doi:10.1109/SMARTTECH54121.2022.00027.

5. Akram, F.; Han, H.-S.; Kim, T.-S. A P300-Based Brain Computer Interface System for Words Typing.
Comput Biol Med 2014 45,118- 125 d0| 10.1016/j.compbiomed.2013.12.001.
6. Akram, F.; Han, H.-S.; Kim, T.-S. A P300-Based Word Typing Brain Computer Interface System Using

a Smart Dictionary and Random Forest Classifier. In Proceedings of the ICCGI 2013, The Eighth International
Multi-Conference on Computing in the Global Information Technology; July 2013; pp. 106—109.

7. Masud, U.; Jeribi, F.; Alhameed, M.; Tahir, A.; Javaid, Q.; Akram, F. Trafflc Congestion Avoidance
System Using Foreground Estlmatlon and Cascade CIaSS|f|er IEEE Access 2020 8,178859-178869,
doi:10.1109/ACCESS.2020.3027715.

8. Han, H.-S.; Hwang, S.Y.; Akram, F.; Jeon, H.J.; Nam, S.B.; Jun, S.B.; Kim, J.T.; Kim, T.-S. Neural Activity
Modulation via UItrasound Stlmulatlon Measured on Multi- Channel EIectrodes In Proceedlngs of the
Proceedings of the World Congress on Engineering; WCE 2014: London, U.K, 2014.

9. Pires, G.; Castelo-Branco, M.; Nunes, U. Visual P300-Based BCI to Steer a Wheelchair: A Bayesian
Approach. Conf Proc IEEE Eng Med BIO/ Soc 2008, 2008, 658-661, doi:10.1109/IEMBS.2008.4649238.
10. Long, J.; Li, Y.; Wang, H.; Yu, T.; Pan, J.; Li, F. A Hybrid Brain Computer Interface to Control the

Direction and Speed of a Simulated or ReaI Wheelchair. IEEE Trans Neural Syst Rehabil Eng 2012, 20, 720-729,
doi:10.1109/TNSRE.2012.2197221.



Bibliography

11. Galan, F.; Nuttin, M.; Lew, E.; Ferrez, PW.; Vanacker, G.; Philips, J.; Millan, J. del R. A Brain-
Actuated Wheelchair: Asynchronous and Non-Invasive Brain-Computer Interfaces for Continuous Control of
Robots. Clinical Neurophysiology 2008, 119, 2159-2169, doi:10.1016/j.clinph.2008.06.001.

12. Lenhardt, A. A Brain-Computer Interface for Robotic Arm Control 2011.

13. Sepulveda, F. Brain-Actuated Control of Robot Navigation. In Advances in Robot Navigation;
InTech, 2011.

14. McFarland, D.J.; Wolpaw, J.R. Brain-Computer Interface Operation of Robotic and Prosthetic
Devices. Computer (Long Beach Calif) 2008, 41, 52—-56, doi:10.1109/MC.2008.409.

15. Li, Y.; Long, J.; Yu, T.; Yu, Z.; Wang, C.; Zhang, H.; Guan, C. An EEG-Based BCI System for 2-D Cursor

Control by Combining Mu/Beta Rhythm and P300 Potential. IEEE Trans Biomed Eng 2010, 57, 2495-2505,
doi:10.1109/TBME.2010.2055564.

16. Wolpaw, J.R.; McFarland, D.J.; Neat, G.W.; Forneris, C.A. An EEG-Based Brain-Computer Interface
for Cursor Control. Electroencephalogr Clin Neurophysiol 1991, 78, 252-259, doi:10.1016/0013-
4694(91)90040-B.

17. Long, J.; Li, Y.; Yu, T.; Gu, Z. Target Selection with Hybrid Feature for BCI-Based 2-D Cursor Control.
IEEE Trans Biomed Eng 2012, 59, 132—-140, doi:10.1109/TBME.2011.2167718.
18. Lee, P.-L.; Sie, J.-J.; Liu, Y.-).; Wu, C.-H.; Lee, M.-H.; Shu, C.-H.; Li, P.-H.; Sun, C.-W.; Shyu, K.-K. An

SSVEP-Actuated Brain Computer Interface Using Phase-Tagged Flickering Sequences: A Cursor System. Ann
Biomed Eng 2010, 38, 2383-2397, d0i:10.1007/s10439-010-9964-y.

19. Coyle, D.; Garcia, J.; Satti, A.R.; McGinnity, T.M. EEG-Based Continuous Control of a Game Using a
3 Channel Motor Imagery BCl: BCl Game. In Proceedings of the 2011 IEEE Symposium on Computational
Intelligence, Cognitive Algorithms, Mind, and Brain (CCMB); IEEE, April 2011; pp. 1-7.

20. Finke, A.; Lenhardt, A.; Ritter, H. The MindGame: A P300-Based Brain-Computer Interface Ga



Bibliography

21. Li, M.; Li, F.; Pan, J.; Zhang, D.; Zhao, S.; Li, J.; Wang, F. The MindGomoku: An Online P300 BCI Game Based on
Bayesian Deep Learning. Sensors 2021, Vol. 21, Page 1613 2021, 21, 1613, doi:10.3390/521051613.

22. Saleh, G.; Alkaabi, F.; Al- HaJhou1, N.; Al-Towailib, F.; AI Hamza, S. Design of Non-Invasive Glucose Meter Using
near-Infrared Techmque J Med Eng Technol 2018, 0 1-8, doi:10. 1080/03091902 2018.1439114.

23. Lotte, F.; Faller, J.; Guger, C. Comblnlng BCI with Virtual Reality: Towards New Applications and Improved BCI. In
Proceedings of the Proceedings of the 6th International Conference on Foundations of Digital Games; 2013; pp. 1-24.

24. Aloise, F.; Schettini, F.; Arico, P.; Leotta, F.; Salinari, S.; Mattia, D.; Babiloni, F.; Cincotti, F. P300-Based Brain-

Computer Interface for Environmental Control: An Asynchronous Approach. J Neural Eng 2011, 8, 025025, doi:10.1088/1741-
2560/8/2/025025.

25. Leeb, R.; Friedman, D.; Miller-Putz, G.R.; Scherer, R.; Slater, M.; Pfurtscheller, G. Self-Paced (Asynchronous) BCI
Control of a Wheelchair in Virtual Environments: A Case Study with a Tetraplegic. Comput Intell Neurosci 2007, 2007,
doi:10.1155/2007/79642.

26. Edlinger, G.; Holzner, C.; Guger, C.; Groenegress, C.; Slater, M. Brain-Computer Interfaces for Goal Orientated
Control of a Virtual Smart Home Environment. In Proceedings of the 2009 4th International IEEE/EMBS Conference on Neural
Engineering; IEEE, April 2009; pp. 463—-465.

27. Martinez-Cagigal, V.; Santamaria-Vazquez, E.; Gomez-Pilar, J.; Hornero, R. A Brain—Computer Interface Web
Browser for Multiple Sclerosis Patients. Neurological Disorders and Imaging Physics, Volume 2: Engineering and clinical
perspectives of multiple sclerosis 2019, 327—-357, doi:10.1088/978-0-7503-1762-7CH12.

28. Louis, J.D.; Alikhademi, K.; Joseph, R.; Gilbert, J.E. Mind Games: A Web-Based Multiplayer Brain-Computer
Interface Game. : A Web-Based Multiplayer Brain-Computer Interface Game." Proceedings of the Human Factors and Ergonomics
Society Annual Meeting 2022, 66, 2234—-2238, d0i:10.1177/1071181322661538.

29. Gannouni, S.; Alangari, N.; Mathkour, H.; Aboalsamh, H.; Belwafi, K. BCWB: A P300 Brain-Controlled Web Browser.
International Journal on Semantic Web and Information Systems (1JSWIS) 2017, 13, 55-73.
30. Jirayucharoensak, S.; Pan-Ngum, S.; Israsena, P.; Jirayucharoensak, S.; Pan-Ngum, S.; Israsena, P. EEG-Based

Emotion Recognition Using Deep Learning Network with Principal Component Based Covariate Shift Adaptation, EEG-Based
Emotion Recognition Using Deep Learning Network with Principal Component Based Covariate Shift Adaptation. 2014, 2014,
2014, 627892, d0i:10.1155/2014/627892, 10.1155/2014/627892.

31. Farwell, L.A.; Donchin, E. Talking off the Top of Your Head: Toward a Mental Prosthesis Utilizing Event-Related
Brain Potentials. Electroencephalogr Clin Neurophysiol 1988, 70, 510-523, d0i:10.1016/0013-4694(88)90149-6.



	Slide 1: Brain Computer Interface
	Slide 2: Brain Computer Interface
	Slide 4: Motivation
	Slide 5: Locked-in Syndrome (LIS)
	Slide 6: What is Brain Computer Interface?
	Slide 7: Goal of BCI Research
	Slide 8: BCI Principle:
	Slide 9: What has been done? / can be done 
	Slide 10: Controlling a Wheelchair 
	Slide 11: A robotic arm control
	Slide 12: Robot Control
	Slide 13: Controlling a cursor on the screen
	Slide 14: Type With Your Brain
	Slide 15: Playing Games
	Slide 16: Environmental Control
	Slide 17: BCI Controlled web browser
	Slide 18: Emotion Recognition
	Slide 19: Mood Recognition
	Slide 20: Lie Detection
	Slide 21: Brain Fingerprinting
	Slide 22: Monkey thinks, Robot does!
	Slide 23: Brain-Spine Interface
	Slide 24: Reverse BCI
	Slide 25: Ratbot!
	Slide 26
	Slide 27
	Slide 28: Providing a Sense of Touch to human
	Slide 29: Artificial Vision for the Blind
	Slide 30
	Slide 31
	Slide 32: Restoring Hearing: Cochlear Implants
	Slide 33: 1 
	Slide 34: Brain-to-brain interface
	Slide 35: Brain-to-brain interface
	Slide 36
	Slide 37: Bibliography 
	Slide 38: Bibliography 
	Slide 39: Bibliography 

