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ABSTRACT

Over hundreds of years, humans were dreaming about controlling people or
animals with our brain. Recent developments in field of neuroscience and engineering
took a leap closer to fulfill this dream. This review is about two experiments conducted
this year in which the scientists have successfully created a technology so called brain-
to-brain interface. In so called brain-to-brain interfacing the two subjects were able to
cooperatively solve the task by transferring information from one brain to the other. The
scientists were able to transfer a meaningful signal generated from brain of first subject
to cause a desired response in the second subject through brain-to-brain
communication. The two main techniques used are electroencephalography (EEG) and
transcranial magnetic stimulation. This technology holds hope for the disabled.
According to the researchers many practical applications can be implemented using the
brain-to-brain-communication such as a senior surgeon could control the hands of
another surgeon in training during an operation or a patients suffering from neural
disease and can interact with the environment or other people by transferring brain
signals, the person with disabilities could communicate his/her wish to say food or
water. In the case of some emergency if the pilot becomes incapacitated, someone on the
ground could help a flight attendant or passenger to land an aero plane. The brain
signals would work if they don't even speak the same language. This breakthrough

brings to mind all kind of science fiction scenarios.
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INTRODUCTION

Whilst BCI is no longer a new thing and
person to person communication via the
nervous system was shown previously in work
by Professor Kevin Warwick from the
University of Reading, here we show, for the
first time, true brain to brain interfacing. We
have yet to grasp the full implications of this
but there are various scenarios where B2B
could be of benefit such as helping people with
severe debilitating muscle wasting diseases, or
with the so-called ‘locked-in’ syndrome, to
communicate and it also has applications for
James  from

gaming.” Dr  Christopher

University of Southampton. [2]

BACKGROUND OF THE STUDY

In an amazing development in the field
of neuroscience, a group of researchers under
Miguel A. L. Nicolelis of Duke University
Medical Center have created a Brain-to-brain
interface by means of which two rats were able
to communicate with each other. According to
Ralph Hartley, “In any given communication
the sender mentally selects a particular symbol
and by some bodily motion, as his vocal
mechanism, causes the receiver to be directed
to that particular symbol”. The Brain-to-

Machine interface (BMI) works in accordance
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with Ralph’s theory and uses the signal from
the brain to communicate with the outside

environment with the help of artificial
actuators.
In this research a brain-machine-

interface is established between the two rats
that is capable of transmitting behaviorally
meaningful sensorimotor information in real-
time. In this experiment, particular behavior
responses were recorded in the encoder rat with
the help of different patterns of cortical
sensorimeter signals. The electrical activity
from neurons in the brain of the rats is recorded
with the help of cortical microelectrodes that
reach into the motor cortex which are capable
of neuronal ensemble recordings as well as
intracortical micro stimulation. This recorded
behavior responses s then passed through intra-
cortical micro stimulation (ICMS) to the

decoder rat.

THE PROPOSED METHOD

The encoder rat was first trained to
respond to the either tactile or visual stimuli
and the decoder become adept to the ICMS
stimulus. This intra-cortical microstimulation
(ICMS) is then passed directly to the brain of
decoder rat. The apparatus of BTBI motor task

consist of a dark operant chamber equipped
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with two levers, an LED above each lever and a
water reward port. The encoder rat needs to
press one of the two levers to receive small
water reward in accordance with the visual
stimulus generated by the LED. An ICMS
pattern is created from the neural activity of the
encoder rat by calculating the Zscore and
converted using sigmoid function. The brain
activity is then passed to the cortex of the
decoder rat and the decoder rat has to press the
same lever pressed by the encoder rat without
seeing the LED.

The decoder rat only uses the neural
activity of the encoder rat that is passed to the
cortex through electrodes. The encoder rat will
receive an additional reward when the decoder
rat performs the task correctly. That means the
encoder rat will change its brain activity and
behavior if the decoder rat is not performing
the task correctly. In this BTBI experiment, the
performance of the encoder rat was above 90%
and neural activity exchanged through BTBI
aided the decoder rat to perform above 70%
that is significantly above chance level. The
performance of the decoder rat was only 50%
when there was no BTBI connecting the

encoder and decoder rat.
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Fig.1: Experimental apparatus scheme of a
BTBI for transferring cortical motor signals
(behavioral motor task)
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Fig.2: Experimental apparatus scheme of a
BTBI for transferring cortical motor signals
(behavioral motor task)
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Fig.3: Experimental apparatus scheme of a
BTBI for transferring cortical motor signals
(tactile discrimination task)
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Fig.4: Experimental apparatus scheme of a

BTBI for transferring cortical motor signals
(behavioral motor task)
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In BTBI research conducted using the
tactile discrimination task, the encoder rat have
to sample a variable width as ‘Narrow’ or
‘Wide’ using its facial hair. The encoder rat
received a small water reward if it was able to
find out whether the aperture is ‘narrow’ or
‘Wide’. An ICMS signal is generated by
recording the brain activity of the encoder rate
and then the micro simulations are passed on to
thedecoder rat. The decoder rate is expected to
make a response in accordance with the ICMS
signals. The encoder rat will be given an
additional reward when the decoder rat
performs the task successfully. In this BTBI
experiment, the performance of the encoder rat
was above 85% while the performance of the

decoder rat was above 65%.
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Fig.5: Experimental apparatus scheme of a
BTBI for transferring cortical motor signals
(tactile discrimination task conducted between
two continents)
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The BTBI was tested over the network
to demonstrate its full potential of BTBI and
termed it as “Brain-Net”. To test an encoder
rat performed the tactile discrimination task at
ELS-IINN (Natal, Brazil) and the decoder rat
responding to the ICMS signals from the
encoder rat was at Duke University (Durham,
USA). The micro simulations from the encoder
ICMS

signals at ELS-IINN and sent over the internet.

rat was recorded and converted to

At the Duke University this ICMS signals were
delivered to the motor cortex of the decoder rat.
The behavioral response from the decoder rat
was then sent back to the encoder rat at ELS-
IINN via

researchers were able to establish the BTB

internet.  In this test also the
interface and the performance of the decoder
rat was above 62% despite of noise and delay
in transmissions. Nicolelis introduced the
concept of a "brain-net" in his book Beyond
Boundaries, in which he describes that complex
task, can be performed by creating a network of
brains and thereby exchange, process, and store
information as shown in the experiments. He
says, “We cannot predict what kinds of
emergent properties would appear when
animals begin interacting as part of a brain-net.
could

In  theory, you imagine that a

combination of brains could provide solutions
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that individual brains cannot achieve by
themselves." According to Nicolelis, “This
could lead to organic computers that perform
heuristically instead of using algorithms. | have
no doubt that human brain nets will be possible

in the future.

Interface
Links

Non-Invasive Brain-to-Brain
(BBI):  Establishing Functional
between Human Brain and Rat

A group of neuroscientists from
Harvard University under Seung-SchikYoo,
FUS-based

interface (CBI) techniques in combination with

used the computer-to-brain

the EEG-based brain-to-computer interface
(BCI) techniques to non-inversely establish a
functional link of brain activity between human
and Sprague-Dawley rat. The goal of this
experiment is to employ the stimulus from
human brain to control a motor that is

responsible for rat’s tail movement.

EXPERIMENTAL METHODS

The overall set-up in the
implementation of Brain-brain-interface is
shown in the figure below, which consists of
(BCI)

computer-to-brain interface (CBI) segments.

brain-to-interface segments  and
Brain-to-computer (BCI) interface is a software
and hardware environment that detects the
brain signals produced by the central nervous

BRAIN-TO-BRAIN INTERFACE — A MINI REVIEW - Shahna Shajahan, Swetha Sudhikumar

2014 Vol. 2 (2) Page 46



International Journal of Research in

Engineering and Bioscience

ISSN 2321-743X

Volume 2 (Issue 2) Pages (42-50)

IJREB

system and translates these brain signals into
commands to control the output devices such as
computer without the use of brain’s normal
output pathways of muscles and peripheral
nervous system. In the BCI segment, the
simulation from a human brain is detected
using the surface electrodes that are implanted
to the brain surface as EEG-based steady-state

visual evoked potential (SSVEP).

The individual had a computer monitor
placed in front of him that displays a flickering

pattern of light at different frequencies
generated by the Matlab codes. When the
individual focus on the flickering light,

simulations are generated by the brain in
conjunction with the external visual stimuli
thus generating SSVEP. If the volunteer did not
focus on the flickering pattern, his brain waves
would not produce the simulations that
synchronize with the flickering light. The
acquired EEG signal is passed through a band-
pass filter and the increased level of resulting
EEG signals represents the neural activity of
the individual in response to the flickering

pattern.

In the CBI this detected

SSVEP stimulation is used to trigger the

segment,

operation of the FUS, which elicits the tail
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movement by stimulating the motor cortex of
Sprague-Dawley rat. Transcranial sonication of
focused ultrasound (FUS) has emerged as a
new type of non-invasive region-specific brain
stimulation technique to deliver highly focused
acoustic energy to the localized deep regions of
the brain, and have been used in thermal
ablation of brain tumors and functional
neurosurgery. [1] Different frequency patterns
were applied to human subjects and subsequent
stimulations caused in the motor cortex are
measured from the tail movement of the rat

using a motion sensor and analyzed.

The schematics of the implemented brain-to-
brain interface (BBI).

BCI

CBI

FUS electonics — FUS-hased CBI
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Fig.6: Experimental apparatus scheme of a
BTBI for transferring cortical motor signals
(tactile discrimination task conducted between
two continents)
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The implementation consists of steady-
state visual evoked potential (SSVEP)-based
brain-to-computer interface (BCI: on the left
column) and focused ultrasound (FUS)-based
computer-to-brain interface (CBI) segments (on
the right column).

The results of this experiment will
definitely have a far reaching impact in relation
to the cognitive neuroscience. According to the
researchers, this technology can be used for
Brain-to-brain coupling or Neural Coupling
with the help of indirect sensory/somatomotor
communication, During a verbal
communication the degree of understanding
between the two people increases when they
exhibits synchronous pattern of brain activities.
Hence the brain-to-brain coupling will have a

positive impact on the social behavior of man.

Direct Brain-to-Brain Communication in
Humans

The researchers Rajesh P. N. Rao and
Andrea Stocco of the University of Washington
have demonstrated the first noninvasive human
brain-to-brain interface allowing one researcher
to control the hand motions of another by using
brain signals sent over the Internet. According

to Andrea Stocco, “The Internet was a way to
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connect computers, and now it can be a way to

connect brains.”

MATERIALS AND METHODS

The objective of the research was to
create a brain-to-brain interface with the aid of
which two humans will cooperatively perform
a task by transmitting a meaningful signal
extracted from one brain to the other. In this
research Electroencephalography (EEG) is used
for recording the noninvasively recording
electrical activity from the scalp and
Transcranial magnetic stimulation (TMS) is

used for noninvasively stimulating the brain.

> EEG Recording of
Brain Activity

0
Brain 1 (*Sender’)
(sees target, decides to fire cannon) #

| Hand motor
I imagery
------- - dE‘eCtad

Brain 2 ("Receiver’)
(stimulation moves
the hand to press
the key)

Fig.7: Experimental apparatus scheme of a
BTBI for transferring cortical motor signals
(tactile discrimination task conducted between
two continents)
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In this research the subjects have to play
a computer game which involves saving a city
by getting hit by rockets fired by the pirate
ship. The subjects have to press the "fire"
button to fire cannon at the rocket that will
destroy it before reaching the city. The subjects
must avoid firing the cannon at the "supply

plane™ that may appear instead of rockets.

EXPERIMENTAL SET-UP

In this brain-to-brain collaboration, the
Sender imagines the hand movements and these
brain activities were recorded using EEG. The
neural activities of the Sender are converted to
a hand motor imaginary signal with the help of
the computer and are transmitted over the
The TMS

machine causes brain simulation in Receiver by

internet to the TMS machine.

delivering a magnetic pulse to the left motor

cortex region of the receiver.

The research is conducted in such a way
that the Sender can watch the game screen but
unable to press ‘fire’ button and the Receiver
can press the ‘fire’ button. In the EEG segment
the electrical signals caused by the imagined
hand movements were recorded from the
Sender’s scalp using the non-invasive
technique of EEG. The artifacts common to
electrodes are reduced

nearby using a
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Laplacian spatial filter. The decrease in power
caused by the Sender’s hand imaginary was
computed across the electrode and is translated
with the help of the computer which was
mapped to upward movement of the cursor.
The computer assumes that the Sender has
engaged in motor imagery, when the cursor hit
the blue circular target at the top and sends a

magnetic stimulation pulse to the Receiver.

Transcranial ~ Magnetic ~ Stimulation
(TMS) is a noninvasive stimulation technique
used to directly influence the brain activity by
applying simulations on a specific spot on the
brain’s surface. In the TMS segment, the
stimulations induced by the Sender will
generate a rapidly changing magnetic field by a
special circular coil placed over the Receiver’s
head. The TMS coil is localized in a specific
spot of Receiver’s brain surface that controls
the wrists and fingers. The TMS stimulation
pulse cause an upward movement of Receiver’s
right hand, which is resting slightly above the
"fire" key on a keyboard which will result in
the firing of the cannon in the Sender's

computer game.

Four research sessions were conducted,
each with 5-7 trials which involved R. Rao as

Sender and A. Stocco as Receiver. The receiver
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achieved a performance level of 90% in couple
of sessions, while both the Sender and Receiver
achieved a 100% performance in one of the

sessions.

CONCLUSION

New technologies have both advantages
as well as disadvantages. Based on the
successful implementation of these experiments
we can certainly say that the Brain-to-brain

interface have a far reaching impact.
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