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Brain-computer Interface (BCI)
• A brain-computer interface (BCI), sometimes called a direct neural interface or a 

brain-machine interface, is a direct communication pathway between a human or 
animal brain (or brain cell culture) and an external device. 



Lebedev and Nicolelis, Trends in Neurosciences (2006)



















EEG recordings









Brain implants: 
a new interface for communication

An emerging technology developed by Emory University neuroscientist Philip R. 
Kennedy, M.D., and Emory neurosurgeon Roy E. Bakay, M.D. who have developed 
an electrode brain implant that is allowing speech-impaired patients to communicate 
through a computer. 



Thought Translation Device (TTD) 







Kevin Warwick: the first cyborg? 







Read‐out technology



Mind-reading technology





Write-in technology



Cortex modulators for tic suppression 
Significant changes in signal intensity were seen in the basal ganglia 
and thalamus and in anatomically connected prefrontal cortex believed 
to subserve attention-demanding tasks. 

The magnitudes of regional signal change in the basal ganglia and 
thalamus correlated inversely with the severity of tic symptoms. These 
findings suggest that the pathogenesis of tics involves an impaired 
modulation of neuronal activity in cortical and subcortical neural circuits.



EEG changes during tic suppression

The EEG recordings are monitored during tic suppression and resting.

Premonitory urge is investigated using the EEG. 





Cortical modulator for tic suppression



functional Magnetic Resonance Imaging

– developed in the early 90s

– It measures the hemodynamic 

response (change in blood flow) 

related to neural activity in the 

brain or spinal cord of humans 

or other animals.

– 3D-Encode: activated regions 

appear in multiple colour













Electroencephalogram (EEG)







EEG-based Brain-Computer Interface

an interface controlled directly by neural output, rather than by interaction with a 
standard input device (such as a keyboard, mouse or voice-controlled interface). For 
example, through the use of EEG electrodes attached to the scalp to detect electrical 
activity. This activity (Event Related Potentials or ERPs) , where directly related to 
the performance of specific tasks is detected and converted into an input or output 
command. 

















Eye-tracking technique

• Eye tracking is the process of measuring either the point of 
gaze ("where we are looking") or the motion of an eye 
relative to the head. 

• An eye tracker is a device for measuring eye positions and 
eye movement, particularly rotations of the eyes. 





Steady-state visually evoked potential (SSVEP)











The 3 major components of BCIs

1. Ways of measuring neural signals from the human brain
2. Methods and algorithms for decoding brain 

states/intentions from these signals                               
and

3. Methodology and algorithms for mapping the  decoded 
brain activity to intended behavior or action.



Basic Signal-processing blocks of BCIs

1. Preprocessing: To remove noise and artifacts (mostly 
related to ocular, muscular, and cardiac activities) to 
enhance the SNR.

2. Feature extraction: Performs feature extraction and 
selection to detect the specific target patterns in brain 
activity that encode the user’s mental tasks, detect an 
event-related response, or reflect the subject’s motor 
intentions.

3. Classification: Translating or associating these specific 
features into useful control (command) signals to be sent 
to an external device.



Signal processing from neural activity





Ethical Considerations

• There has not been a vigorous debate about the ethical 
implications of BCI

• Important topics in neuro-ethical debate are:
Risk/benefit analysis 
Obtaining informed consent
Possible side effects and consequences in life styles 

for the patient relatives 
• Professor Michael Crutcher expressed concern about BCI 

specially for ear and eye implants:
 “If only the rich can afford it, it puts everyone else 

at a disadvantage”



Ethical Considerations (Continues)

• Clausen suggested in 2009:
 “BCIs pose ethical challenges, but these are 

conceptually similar to those that bioethicists have 
addressed for other realms of therapy”

• Recently more effort is made inside the BCI community 
to initiate the development of ethical guidelines for BCI 
research, development and dissemination 

• Requirements for the social acceptance:
Sound ethical guidelines
Appropriately moderated enthusiasm in media 

coverage
Education about BCI systems 



BCI Disciplines

• Nanotechnology 
• Biotechnology
• Information technology 
• Cognitive science
• Computer science
• Biomedical engineering
• Neuroscience
• Applied mathematics



Brain-Machine Interface: interdisplinary



Benefits of BCI?

• BCI might help us better understand how the human brain 
works in terms of reorganization, learning, memory, 
attention, thinking, social interaction, motivation etc. 

• BCI research allows us to develop a new class of 
bioengineering control devices and robots to provide daily 
life assistance to handicapped and elderly people.

• Several potential applications of BCI hold promise for 
rehabilitation and improving performance, such as treating 
emotional disorders (for example, depression or anxiety).

• BCI can expand possibilities for advanced human computer 
interfaces (HCIs), by enhancing the interaction between the 
brain, the eyes, the body, and a robot or a computer.



BCI Potential Applications

• Healthcare (Ex: Help disabled People)
• Automobile (Ex: Help Drivers/pilots)
• Gaming (Ex: Help users manipulate systems)
• Biometrics (Ex: Pass-thought authentication)
• And others. 



TOBI Project

• TOBI (Tools for Brain Computer Interaction)

– Budget: €12 millions

– Duration: Nov. 2008 – Dec. 2012

– Coordinator: Ecole Polytechnique Fédérale de Lausanne

– “Selected” list of partners:

• T. U. Berlin, T.U. Graz, U. Heidelberg, U. of Glasgow 
and some others. 

• Non-invasive type BCI applications

• “TOBI is a large European integrated project which will 
develop practical technology for brain-computer interaction 
(BCI) that will improve the quality of life of disabled people 
and the effectiveness of rehabilitation.”

• http://www.tobi-project.org/welcome-tobi 



TOBI Project- (Motor Disability)

• Four emerging application areas
– Communications and control
– Motor substitution
– Entertainment
– Motor recovery



1. Communication & Control

• Deriving useful EEG control signals is high priority than 
interactions. 

• TOBI will provide suitable and comfortable devices to
– Suppress noise
– Better dynamic properties 

of control signals
– Multimodal interfaces

• Visual
• Audio
• Haptic F/B

(TOBI website, 2010)



2. Motor Substitution

• High priority is to restore lost motor functions for the 
disabled. 

• TOBI has worked on developing neuroprostheses 
• Case-1: Two operations will be developed

– hand (grasping) 
– elbow (reaching)
– assistive mobility

• Case-2: 
– User can mentally drive mobile robot.

(TOBI website, 2010)



3. Entertainment

• Target group: Giving patients controls of ambient 
features  wall display, lighting and music

• Non-verbal way of interaction.

• New features under investigation
– photo browsing
– music navigation
– Couple BCI interfaces to social networking

• BCI-controlled games/interactive games

(TOBI website, 2010)



4. Motor Recovery

• BCI enhances motor function recovery after a 
cerebrovascular accident. 

• In addition to active and/or passive residual movements, 
imaging movements can be a way to access the motor 
system in absence of any "real" movements

• TOBI will introduce the mental practice of motor actions via 
BCI training, that might boost the clinical rehabilitation 
strategies

• This in turn would lead to a better 
functional outcome.

(TOBI website, 2010)



EEG-based Brain-Computer Interface





Google glass





Memory aid system for Alzheimer’s disease



Portable EEG measurement device



Smart phone apps using EEG signals

















Bone conduction technology













‘My history’ glasses
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인간의 흥미를 파악 할 수 있는 A-ha Signal

• 관련연구: 
- Gerson, A., Parra, L., Sajda, P., Cortical origins of response time 

variability during rapid discrimination of visual objects. 
NeuroImage 28, 342–353, 2005.

- Adam D. Gerson, Lucas C. Parra, and Paul Sajda, Cortically-coupled 
Computer Vision for Rapid Image Search, IEEE 

TRANSACTIONS ON NEURAL SYSTEMS AND REHABILITATION 
ENGINEERING, VOL. 16, Jun, 2006, pp. 174-179.

• A-ha Signal = P300



01P300 detection using Support Vector Machine



적은 채널 사용, 실시간 탐지 불가 VS. 실시간 탐지, 64ch EEG Cap 사용

* 실시간 P300 탐지
* 64 채널 EEG Cap착용
* Averaged Accuracy: 
92%

* 9번 이상 측정한 후, 
P300 탐지 가능

* 5개 채널 사용
(Fz, Cz, Pz, O1, O2)

* Averaged Accuracy: 80%

Cortically-coupled Computer Vision 
for Rapid Image Search (2006) 

Assessing the speed of a P300-based 
brain-computer interface (2000)

Insight: 2~3개의 뇌파 측정 전극만을 사용하여, 실시간 P300 검출 가능한
활용도 높은 P300 탐지 알고리즘의 개발이 요구됨



1차 실험 개요

• 1차 실험은 흥미로운 장면을 보았을 때 발생하는 특이적인 뇌파를 검출하여 정의하고, 

정의한 뇌파를 명확하게 측정 할 수 있는 뇌파 측정 channel을 선정하기 위해 수행되었다.

• 피험자:

12 명의 건강한 오른손잡이 피험자[M:F(4:2); (mean age 27 years, Range 24-31 years)] 대상

대학 이상의 학위, 정상 시력, 정신병력 없음. KAIST IRB의 지침에 따라 모든 실험 동의서 수령

• 실험 방법

32채널 뇌파 캡을 사용하여 뇌파 측정

피험자들에게는 사람, 전자제품, 자동차, 경치, 패션 등의 다양한 사진들이 보여짐

한 번의 실험 Trial은 총 112장의 사진, 2개의 실험 Trial을 통해 총 224장의 사진을 봄

03



흥미로운 시각 자극에 대해 발생하는 특정 뇌파

Definition:
C4, TP8, T8 채널에서 기록되는, VERP를 동반한, 
0.09초~0.186초 구간의 뇌파 Amplitude의 최소값에서
0.26~0.309초 시간대의 뇌파 Amplitude의 최대값으로의
Amplitude 증가 량이 Null-response 일 때 보다
24.88%이상 큰 P300 파형

정확도: 

범위 : 58 – 69%, (평균: 65%)
Omission error:  about 30%
Commission error:  about 40%

VERP

Subject No. Detection Success Times/
Total Detected Images

01 63.91% (69/128)

02 66.67% (23/30)

03 64.04% (28/47)

04 69.34% (36/61)

05 50.68% (32/59)

06 51.18% (26/51)

07 77.25% (38/51)

08 51.22% (22/41)

09 70% (24/30)

10 81.28% (34/39)

Average 65.69% (340/537)



Trigger Sending/Receiving Bluetooth Module

Sender Prototype: Aha Signal Detection 알고리즘을 통해 특정 뇌파가 검출되면
사진을 촬영하라는 신호를 카메라 모듈에 전달.

Acode 300a
Bluetooth 
Module

Power

Interface Board

Brain-Computer Interface 개발



Wearable Digital Camera Module

Receiver Prototype: 
Trigger가 전달되면 사진 촬영

Acode 300a
Bluetooth
Module

Lens



‘My history’ glasses



Posttraumatic stress disorder 
(PTSD)



Background
: Neuroimaging from PTSD patients

• Medial prefrontal cortex (mPFC)-amygdala circuit
– normally allow the organism to adjust its emotional behavior 

when  envioronmental circumstances changes.
– medial prefrontal cortex deactivation in PTSD patients.





• Fear conditioning model

• TMS experiment : TMS vs. Sham

Conditioning
After
Conditioning

 TMS for PTSD therapy 
: Animal Model Experiment

3/1
7
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•Theta Coherence

•ApEn in LA

 Fear memory signal analysis
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-Electrode implant 
surgery

Electo
rde

Connecting 
to amp

MGN, LA 
location

 Hubo & rat communication

- Wireless transmission chip.
: collaboration with Hubo lab. 

- Neuronal signal Processing

1. Rat gets visual stimulus.
2. Hubo gets visual information 

from the rat.
3. Hubo solves the problem 

given to the rat. 



Brain dashboard: 
Earphone-typed ‘portable brain activity 

recording system’.



BCI Systems Challenges

• Researchers are still learning how to effectively implement it 
and adapt it to different needs. 

• very expensive, very large, making them impractical. 
• Complex to use and require the involvement of Experts.
• Steep Learning curve for the Users (to learn how to use their 

thoughts to create the brain signals that generate desired 
actions) 

• Many companies are not investing the time and money 
necessary for effective product development.

• An issue particularly noninvasive approaches is Signal 
Accuracy, the ability to accurately capture signals from the 
brain.

• Invasive BCI systems can experience problems with their 
electrodes since the brain recognizes and remove foreign 
objects.



Current and future trends 
in noninvasive BCI

• Unimodal to multimodal - that is, simultaneous monitoring 
of brain activity using several devices and combining BCI 
with multimodal HCIs;

• Simple signal-processing tools to more advanced machine 
learning and multidimensional data mining;

• Synchronous binary decision to multidegree control and 
asynchronous self-paced control;

• Open-loop to closed-loop control - neurofeedback 
combined with multimodal HCI; and

• Laboratory tests to practical trials in the noisy real world 
environment.





Future of BCI

• Challenges have to overcome in
• hybrid BCI architectures
• user-machine adaptation algorithms
• BCI reliability analysis by exploiting users’ mental 

states
• BCI performance analysis and confidence measures
• Incorporate HCI to improve BCI
• Development of novel EEG devices



Research Challenges (1/5)

• Improve Non-invasive BCI based assistive technologies 
• Develop Hybrid BCI (hBCI)  

– Severe motor disabilities do not allow people to 
have full benefit of current assistive products.

BCI 
Enhancement

Assistive
Products (AP)

+

hBCI approach

el.
The hBCI needs “at least” one BCI channel to work: other 

channel(s) can be AP inputs/biosignals or another BCI channel.

Millan et al. (2010)



Research Challenges (2/5)

• Dynamic Adaptation  Two-level adaptation process

First Level 
Self Adaptation

2nd level 
Dynamic Adaptation

The best interaction channel 
should be dynamically chosen

The best  EEG phenomena that each 
user better controls should be
dynamically chosen:
• P300 or SSVEP  

This necessitates the development of novel training 
protocols to determine the optimal EEG phenomenon for 
each user, working on psychological factors in BCI.

Millan et al. 
(2010)



Research Challenges (3/5)

• Improvement needs on current BCI outputs
– Current BCI 

• has low bit rate, 
• noisy and has less reliability 

• Promising solution: 
– To adjust the “dynamics of BCI”, modern Human-

Computer Interaction (HCI) principles can be used. 

• Alternative solution: 
– Use “shared autonomy (or shared control)” to shape the 

dynamics between user and brain-actuated device such 
that tasks are able to be performed as easily as possible.



Research Challenges (4/5)

• BCI assisted technology can benefit from the recent 
research on the following-
– Recognition of user’s “mental states”

– mental workload, stress, tiredness, attention level
– Recognition of user’s “cognitive processes”

– awareness to errors made by the BCI

the dynamics and complexity of the
interaction will be simplified

This is another aspect of “self-adaptation.

it will trigger OFF brain interaction and
m n

it will trigger OFF brain interaction and
move on to muscle-based interaction

High mental 
workload 

Or stress level OR

Ex
am

pl
e:



Research Challenges (5/5)

• There are challenges to develop easy-to-use and aesthetic 
EEG equipment.

• Issues to address:
• portability 
• aesthetic design

• Aesthetic and engineering design should be merged.
• One key issue for any practical BCI for disabled 

people.
• Users don’t want to look unusual  social 

acceptability
• Example of advanced devices:

• Dry electrodes instead of gel

























Cognitive ‘neural prosthesis’

Theodore Berger





Neuro-marketing/design using portable brain 
scanners



• Michael Schaefer and Michael, Rotte, Thinking on luxury or pragmatic brand 
products: Brain responses to different categories of culturally based brands, Brain 
Research, 1165(24):98-104 (2007)
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Brain dashboard (earphone + mobile device)

- Mobile device에서 ‘동영상 처리속도’가
현저히 빨라지면서, 핸드폰/태블릿 PC 사
용자의 상당수가 지하철/버스, 길거리 등
지에서 핸드폰과 이어폰을 함께 사용하는
문화가 급속도로 확산 (드라마, podcast 
시청, facebook/twitter 에서 링크).

- 뇌활동을 안정적으로 (움직임에 의한 잡
음, 접착 불량, 외부 소음 등) 측정할 수 있
는 장치가 절실히 필요. 



‘Brain dashboard’를 핸드폰에 장착

- Resting EEG(or ear-EEG)를 통해 평가 가능한 brain function 만도 무려 10
여 가지: attention level, emotion and mood, mental fatigue, wakefulness, 
stressfulness, memory recall etc.

- Resting EEG(or ear-EEG)를 통해 진단 가능한 neurological or psychiatric 
disorders 는 약 20 여가지: 치매, 우울증, 불안 장애, 공포증, 조현증 (정신분
열증), 외상후스트레스 장애, 파킨슨병, 뇌졸중, brain tumor 등: 일생에서 신경
정신질환에 걸릴 가능성은 약 15%. 약 45% 가 잠재적 불안 및 고통.



뇌와 몸이 만들어내는 신호(정보)를
가지고 노는 시대



Lover’s cup: what is the function of 
cups?







Most hungry monkey in the world?



Roachbot or Roach laborer



• Bionic man: Jesse Sullivan 

– Dr. Todd Kuiken: Neural Engineering Center for Artificial 
Limb(NECAL) at the Rehabilitation Institute of Chicago 
(RIC)



EEG-based Brain-Computer Interface



Cognitive ‘neural prosthesis’

Theodore Berger



What will win?: 로봇 태권 V vs. 마징가 Z



Exoskeletons





DARPA supports development of 
human brain-machine interfaces

DARPA supports a new focus area within the Defense Sciences Research Technology 
Program, "Brain-Machine Interfaces," which solicits projects that will lead to new 
technologies for augmenting human performance through the ability to noninvasively 
access brain codes in real time and integrate them into peripheral device or system 
operations.



IEEE Spectrum   (Jan. 2004)

72 %

58 %



Invasive versus Non-invasive BCI [1]

• Invasive techniques: which implant 
electrodes directly onto a patient’s brain; 

• Noninvasive techniques: in which medical

scanning devices or sensors are mounted 
on caps or headbands read brain signals.



Invasive versus Non-invasive BCI [1]

• Noninvasive approaches are less intrusive 
but can also read brain signals less 
effectively because the electrodes cannot 
be located directly on the desired part of 
the brain. 

• Invasive techniques, however, require 
surgery and carry the risk of infection or 
brain damage.

• Noninvasive approaches’ ability to read 
signals from many points in the brain could 
help identify a wider range of brain activity.  

However, processing the large amount of 
data that neurons in multiple parts of the 
brain would generate would be difficult for 



Subjects use specific thoughts as passwords (called pass-
thoughts).When someone 

tries to access a protected computer system or building, they think of 
their pass-

thought.A headpiece with electrodes records the brain signals.

The system extracts the signal’s features for computer 
processing,which includes 

identification of the feature subset that best and most consistently

Carleton University’s proposed BCI-based biometric system [1]



Outline

• Introduction to Brain Computer 
Interaction (BCI)

• Early work (1970 – 2000)

– Animal BCI 

– Success Stories

• Human BCI

– Invasive, Partially-invasive, Non-invasive 
BCIs

• Case Study: BCI in Health Care

• Future of BCI: Technical Challenges

Scientific American
(Nov. 2008)



Introduction to BCI

• A brain–computer interface (BCI) is a 
direct communication pathway between 
a brain and an external device

– sometimes called a direct neural interface 
or a brain–machine interface

– BCIs are often aimed at:
assisting, augmenting or repairing human 

cognitive or sensory-motor functions

Signal processing for BCI



Motivation:

• Developing technologies for people 
with disabilities:

Need to develop hardware and software to 
disable people
• Assist blind people to visualize external images

• Assist paralyzed people to operate external 
devices without physical movement

• Decode information stored on human 
brain (as memory)

• Decode information from brain to 
display human thinking or dream on a



Early Work (1970-2000)

• Animal BCI:

University of California started research in 
BCIs in the 1970s (Schmidt et al 1978)

experimental BCI started on animals: monkey 
and rats

Several laboratories managed to record signals 
from monkey and rat cerebral cortex in order to 
operate BCIs

Scientist started to work on developing BCI 
algorithm



Success Stories

• Research in1970s found:
monkeys can control the firing rates of individual and 

multiple neurons 
 Can generate appropriate patterns of neural activity

 Algorithms were developed to reconstruct movements 
from motor cortex neurons

• In the 1980s:
 Research in JHU found a mathematical relationship 

(based on a cosine function) between
 the electrical responses of single motor-cortex neurons 

in rhesus macaque monkeys, and
 the direction that monkeys moved their arms

 Established that dispersed groups of neurons in 
different areas of the brain collectively controlled 
motor commands 

(Schmidt  et al 1978)

(Georgopoulos et al 1989)



Human BCI

• Human BCI Types:
 Invasive
 Partially invasive
 Non Invasive 

• Invasive:
 Implanted directly into the grey matter of the brain 

during neurosurgery

• Partially-Invasive: 
 Partially invasive BCI devices are implanted inside the 

skull but rest outside the brain rather than within the 
grey matter

• Non-Invasive:
 Implanted outside the skull



Invasive BCI

• implanted directly into the grey matter 
of the brain during neurosurgery

• targeted repairing damaged sight 
• Providing new functionality to persons 

with paralysis
• produce the highest quality signals 
• Vision Science: 
Direct brain implants have been used to treat 

non-congenital (acquired) blindness
William Dobelle was one of the first scientists to 

come up with a working brain interface to restore 
sight

The Human Brain  
(Lennon, J. 2010)



Invasive BCI (Continues)

• William Dobelle (1st Generation):

First prototype was implanted into “Jerry” 
– blinded in adulthood, in 1978

Single-array BCI containing 68 electrodes 
was implanted onto visual cortex

Succeeded  in producing phosphenses –
the sensation of seeing light

The system included cameras mounted on 
glasses to send signals to the plant

Enable him to perform daily tasks 
unassisted 



Invasive BCI (Continues)

• William Dobelle (2nd Generation):
More sophisticated implant enabling better 

mapping of phosphenes into coherent 
vision

Jens Naumann blinded in adulthood (2002) 
was able to drive slowly in the parking lot 
immediately after the implant

• Disadvantage:
Prone to Scalar tissue build up 
Causes signal to become weaker or even 

lost as the body reacts to a foreign object



Partial Invasive BCI

• Implanted inside the skull but rest 
outside the brain 

• Produce better resolution signals than 
non-invasive BCIs having a lower risk 
of forming scar-tissue in the brain than 
fully-invasive BCIs.

• Examples:

Electrocorticography (ECoG)

Light Reactive Imaging BCI 



Partial Invasive BCI (Continues)

• Electrocorticography (ECoG)

– Measures the electrical activity of the brain 
taken from beneath the skull

– Electrodes are embedded in a thin plastic 
pad that is placed above the cortex, 
beneath the dura mater.
• First trialed in humans in 2004 by Eric 

Leuthardt and Daniel Moran

– Enabled a teenage boy to play Space 
Invaders using ECoG implant: 
• Controls are rapid, and requires minimal 

training



Partial Invasive BCI (Continues)

• Light Reactive Imaging BCI
Light Reactive Imaging BCI devices are still in the 

realm of theory
 involve implanting a laser inside the skull. 
 laser is trained on a single neuron and the 

neuron's reflectance measured by a separate 
sensor. 
 When the neuron fires, the laser light pattern and 

wavelengths would change

• Advantages of Partial Invasive BCI
Better signal to noise ratio
Higher spatial ratio
Better Frequency Range



Non-Invasive BCI

• Recorded signal have been used to power 
muscle implants and restore partial movement

• Signals are weaken as skull dampens the 
signal 

• Although the waves are still detectable, it is 
hard to determine the area of the brain or the 
neuron that created the signal

• Examples:
Electroencephalography (EEG) 
Magnetoencephalography (MEG)
Magnetic resonance imaging (MRI)



Non-Invasive BCI (Continues)

 Electroencephalography (EEG) 
 Most studied potential non-invasive interface

 Fine temporal resolution

 EEG in Mid1990s:
 Niels Birbaumer  (University of Tübingen in Germany) 

trained severely paralyzed people to self-regulate the 
slow cortical potentials in their EEG

 EEG signal was used as a binary signal to control a 
computer cursor

 Ten patients were able to move computer cursors by 
controlling their brainwaves

 Slow – required an hour to write 100 characters



Non-Invasive BCI (Continues)

 EEG in 2000’s:
 Jessica Bayliss  (University of Rochester)  showed that 

volunteers wearing virtual reality helmets could control 
elements in a virtual world using their P300 EEG readings

 including turning lights on and off 

 bringing a mock-up car to a stop

(Ebrahimi  et al. 2003)



Non-Invasive BCI (Continues)

 Advantages of EEG

 Ease of use

 Portable

 Low setup cost



Non-Invasive BCI (Continues)

 Magnetoencephalography (MEG)

 MEG is a technique for mapping brain activity by 
recording magnetic fields produced by electrical 
currents occurring naturally in the brain

 By using Arrays of SQUIDs (superconducting quantum 
interference devices)  

 Application :

 Localizing the regions affected by pathology, before 
surgical removal

 determining the function of various parts of the brain

(Ranganatha 2007)



Non-Invasive BCI (Continues)

 Magnetic resonance imaging (MRI)
 MRI is a technique used in radiology to visualize detaile

d internal structures

 Functional MRI or fMRI is a type of MRI scan that meas
ures the hemodynamic response (change in blood flow) 
related to neural activity in the brain or spinal cord
 fMRI allowed two users being scanned to play Pong in real-

time

 by altering their haemodynamic response or brain blood flo
w

 Recent research in ATR (Advanced Telecommunications 
Research, in Kyoto, Japan) on fMRI
 allowed the scientists to reconstruct images directly from the 

brain and display them on a computer. 



Most Recent BCI News: (27 

October 2010)

• http://spectrum.ieee.org/biomedical/bionics/br
aincomputer-interface-eavesdrops-on-a-
daydream/

• Scientists from Germany, Israel, Korea, the 
United Kingdom, and the United States have 
performed combined experiments:
– Are able to monitor individual neurons in a human 

brain associated with specific visual memories
– Display visual memory onto a television monitor, 

and to replace with another
Scientists have found a neural mechanism 

equivalent to imagination and daydreaming
– the mental creation of images overrides visual 

input



Most Recent BCI News: (Continues)

• The researchers inserted microwires into the 
brains of patients with severe epilepsy as part 
of a pre-surgery evaluation to treat their 
seizures

• The subjects were interviewed after the surgery 
about places they’d recently visited or movies 
or television shows they’d recently seen:
– images of the actors or visual landmarks the 

subjects had described are shown on a display
– Slides of the Eiffel Tower, for instance, or 

Michael Jackson—who had recently died at the 
time of the experiment—would appear on a 
screen. 



Most Recent BCI News: (Continues)

• Technical Challenges:
• about 5 million neurons in the brain encode for 

the same concept, Cerf says.

• Need to decode 5 millions neurons to get the 
complete picture 

– We are only able to read a limited number (for 
example: 64 )

Complexity of Neural 
network (Lennon, J. 2010)



More news headings on BCI

• “Researchers Using Rat-Robot Hybrid 
to Design Better Brain Machine 
Interfaces ”

• “Monkey Controls Advanced Robot 
Using Its Mind”

• “Monkey's Brain Can "Plug and Play" to 
Control Computer With Thought” 

IEEE 
Spectrum
(Oct. 2010)



Conclusions

• Brain Computer Interaction is:

– Send outside signal to brain neuron 
• vision signal for blind person

– Read the neuron signal 
• To operate external devices without physical 

intervention

• To read memory or display user imagination 

• Significant progress in last ten years

– Technical challenges need to be overcome

• Significant potential uses in medical 
science to assist physically disabled





Creativity resides in between. 


