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ABSTRACT- Technologies of the current era provide the ability to interface and communicate directly from one human
brain to another. This can be done by using Transcranial magnetic stimulation (TMS), Brain to Brain I nterfaces (BBIs),
EEG (electroencephalograph) and the Internet. Computer commands are generated using the brain-to-computer
interface (BCl) and these commands are trandated to generate brain functions and a form of magnetic stimulation by
using computer-to-brain interface (CBI). So a way was discovered to establish a good working link between the brains,
thus creating a brain to brain interface. This new innovation can further be applied for people with disabilities or for
emer gency landing of air crafts by controlling the hand motions.
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1. INTRODUCTION

The direct communication between two individualilsais one of the fascinating research topics fier convenience of our
lives. Brain-to-brain interface (BBI) refers to tmardware and software environment that detects teamsfers thoughts
between two people, this is possible by the follapiechniques.

Brain-to-computer interface (BCI) refers to thedware and software environment that detects amglates brain activity to
control computers or stored-program architecturéiods without involving muscles or the peripherakvous system. To
characterize a specific function of the brain, Biva means such as implantable cortical microeddetrarrays that directly
detect the electrical field potentials/spikes frtme somatomotor areas have been used, for exatopfepvide BCI control
options for quadriplegic patients. Other than thB€d methods which require a surgery to implantcetales to the brain
surface, non-invasive functional imaging modaliteeech as electroencephalogram (EEG) and stimulatiodality such as
Trans cranial magnetic stimulation coil (TMS) ased now.

It is notable that the flow of information usedtime current implementation of BCI is unidirectional the sense that the
control commands originating from the brain aredied to operate a computer. To establish thedgitiimal interface between
the brain and the computer, the creation of a caenda- brain interface, namely CBI, was soughttafivhereby the computer-
generated commands can be used to modulate thiofurnd the specific brain area via its direct stlation/suppression, all
without engaging the peripheral nervous systemsarory pathways. The bidirectional interface betwthe brain and the
computer would ultimately lead to the developmehtaoBrain-to-Brain Interface’ (BBI), in which near activities from

individual brains are linked and mediated by cormputlirect electrical stimulation of the motor esstachieved by surgically-
implanted electrodes, was used to elicit animablimotion necessary for navigating through complex spatigirenments.
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Deep brain stimulation (DBS) or epicortical stintida can also be adopted for human applicationwauild require invasive
surgical procedures. Transcranial magnetic stirariafTMS) confers the non-invasive means of Neuamtatation; however,

lacks penetration depth and spatial specificity thués electromagnetically inductive nature [1]tought-process (intention
to stimulate a human brain) originating from a hanparticipant is detected in forms of EEG humarirbrehich elicits the

subsequent hand movement.

2. HISTORY

Electrical signals produced by brain activity wéirst recorded from the cortical surface in animaysRichard Caton in 1875
(Caton, 1875) and from the human scalp by Hansééng1929 (Berger, 1929). Hans Berger, who disoed¢he human EEG,
speculated in his first comprehensive review ofexgeriments with the “Elektrenkephalogramm” (B)Zbout the possibility
of reading thoughts from the EEG traces by usinghsticated mathematical analyses. In the 75 ysimse Berger's first

report, electroencephalographic (EEG) activity basn used mainly for clinical diagnosis and forlesipg brain function. In

between many scientigtsoceeded the work [2].

Studies with brain-machine interfaces had convirtbedresearchers that the brain was much moregthasn they thought. In
those experiments, the brain was able to adaplyeasaccept input from devices outside the bodg amen learn how to
process invisible infrared light generated by difiaial sensor. So, the question they asked wathe brain could assimilate
signals from artificial sensors, could it also askite information input from sensors from a diéfet body.

Researchers have electronically linked the brafnga@rs of rats for the first time, enabling theemdommunicate directly to
solve simple behavioral puzzles. As the ultimast & their system, they even brain-linked two aalBrthousands of miles
apart—one in Durham, North Carolina and one in NaBaazil. To test this hypothesis, in one set aperiments, the

researchers first trained pairs of rats to solemgle problem, where the rats had to press thecblever when an indicator
light above the lever switched on, to obtain a sfpwater. They next connected the two animals'nsraiia arrays of

microelectrodes—each roughly one hundredth the elienof a human hair—inserted into the area oftcthvéex that processes
touch information. One animal of the dyad was desigd as the "encoder" animal. This animal receivedsual cue that

informed it which lever to press in exchange fdoad pellet. Once this “encoder” rat pressed tigatrlever, a sample of its
brain activity that coded its behavioral decisiomsviranslated into a pattern of electrical stimioiathat was delivered directly
into the brain of the second animal of the dyadvkm as the "decoder" animal. The decoder rat hadaime types of levers in
its chamber, but it did not receive any visual mdicating which lever it should press to obtaireaward. Therefore, to press
the correct lever and receive the reward it cratlegldecoder rat would have to rely on the cuestratted from the encoder via
the brain-to-brain machine interface [3].

Another experiment was conducted by scientistsalatved humans to control animals by thoughtghis experiment, rat was
used. The scientists controlled the movement &f tail using their mind [1].
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Figure 1 BBI between a human brain and that of i (Courtesywww.medgadget.co)

3. EXPERIMENT

Using the finding of the experiments on BBI on ratsl the other findings of BCI and CBI an experitmeas conductec
Person A wearing a cap with electrodes hooked wmelectroencephalograpmgachine, which reads electrical activity in
brain. Person B in the campus was wearing a swim roarked with th stimulation site for tF transcranial magnetic
stimulation coil that wagplaced directly ove his left motor cortex, which controls hand movementrsBe A looked at .
computer screen and played a simple video gamehigtmind. When he was supposed to fire a cannartaiget, he imagine
moving his right hand (being careful not to actuathove his hand), causing a cursor to hit the “fileitton Almost
instantaneously, Person B, who wore n-cancelling ear buds and wasn't looking at a compsteeen, involuntarily move
his right indexfinger to push the space bar on the keyboard intfod him, as if firing the cannon. Person B congghthe
feeling of his hand moving involuntarily to that afnervous tic. This was basically a -way flow of information from hit
brain to the other peon. The next step has a more equitableway conversation directly between the two br [8].

Figure 2 BBI experiment conducted by researchers on twodwbrain (Courtesywww.washington.edu.ney)
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4. SYSTEM OVERVIEW
4.1 Working principle

The technologies used by the researchers for rexpashd stimulating the brain are both well-kno®tectroencephalography,

or EEG, is routinely used by clinicians and reskers to record brain activity noninvasively frone ticalp. The Internet was a
way to connect computers, and now it can be a wayyhnect brains. Transcranial magnetic stimulaisosm non-invasive way

of delivering stimulation to the brain to elicitrasponse. Its effect depends on where the coilaiseqd; in this case, it was
placed directly over the brain region that cont@lserson’s right hand. By activating these neurstiswulation convinced the

brain that it needed to move the right hand.

4.2 Componentsused in brain-to-brain communication

421 Brain computer interface: A brain—computer interface (BCI), sometimes caltedlirect neural interface or a
brain—machine interface (BMI), is direct communicatpathway between the brain and an external de@Cls
are often aimed at assisting, augmenting or regphiuiman cognitive or sensory-motor functions.

4.2.2 Electrodes: An electrode is an electrical conductor used toemadntact with a non-metallic part of a circuitg(e.
a semiconductor, an electrolyte or a vacuughgctrode locations and names are specified byntieenational 10—
20 system for most clinical and research applioati(except when high-density arrays are used). 3yssem
ensures that the naming of electrodes is consist@nis laboratories. In most clinical applicatial® recording
electrodes (plus ground and system reference)sa@. /& smaller number of electrodes are typicatlduwhen
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Figure 5: International -20 system for the position of electrodes on tlanbf2]

recording EEG froomeonates. Additional electrodes can be add the standard setp when a clinical or research
applicationdemandsncreased spatial resolution for a particular asethe brain. Hig-density arrays (typically via
cap or net) can contain up to 256 elodes more-ofess evenly spaced around the st

423 EEG: Electroencephalograp is the recording of electrical activity along theakp. EEG measures volta
fluctuations resulting from ionic curre flows within the neurons of the braiBlectroencephalography (EEG)
the most studied potential namvasive interface, mainly due to its fine tempaersolution, ease of use, low set
cost. But as well as the technology's susceptjhititnoise, another substantial barrier to usingsEs a brain—
computer interface is the extensive training regplipefore users can use the techno

424 LED lamp: A light-emitting-diode lam| is a solid-state lamp that uses ligimtitting diodis (LEDs) as the source
of light portability and mce the lightoutput of individual lightemitting diodes is small compared to incandes
and compact fluorescent lamps, multiple diodesuaesl together. LED lamps can be made interchangeeti
other types. Most LED lamps must also include imakcircuits to oprate from standard AC voltage. LED larr
offer long life and high efficiency, but initial sts are higher than that of fluorescent lai

425 Internet: In this system the transmission of the signalsmilzer person through the Inter:

426  Personal computer: PC is used to pick up the stream of binary digitd also it can decipher whether a zer
one was transmitted [2].

5. BRAIN-TO-BRAIN COUPLING

The premise of brain-tbrain coupling is that the perceptual system of lomaén can be coupled to the motor system of amg
Different objects in the environment emit differéfotms of energy (mechanical, chemical, electronatigh and receptol
conwert these signals into electrical impulses thathitaén can use to infer information about the stditdhe world and genate
appropriate behaviors. Thus, stimulusstain coupling is fundamental to the ability tori@ie information about the worlo
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Figure 6: To illustrate a) stimulus to brain coaplb) brain to brain coupling |

guide actions. Brain-tbrain coupling also relies on stimu-to-brain coupling as a vehicle for conveying inforroati
However, in brain-tdsrain coupling, the snal is generated bgnother brain and body that resemble one’s rather than by
inanimate objects in the physical environn (Figure 6b). Brain-tdsrain coupling is analogous t« wireless communication
system in which two brains are coupled via tlansmission of a physical signal (ligebund, pressure or chemical compot
through the shared physical environmenie coordination of behavidoetween the sender ¢ receiver enables specific
mechanisms for brain-to-brain couplinmavailable duringnteractions with the inanimateorld. One example of such
coupling is the presence of synchronous spatioteahgmatterns of brain activities that are corralateith the degree c
understanding during verbal communications betweespeaker and a liste. The presented BBI method may be use
augmenthis mutual coupling of the brains, and may hapesitive impact on human social behavior

6. TMSFORDEEPBRAIN STIMULATION
Transcranial magnetic stimulatighMS) is a no-invasive method to causkepolarizatio or hyperpolarization in

the neurons of the brain. TMS usetecromagnetic induction to induce wealectric curreniusing a rapidly changing
magnetic fieldthis can cause activity in specific or general paftthe brain with minimal discomfort, allowingrfstudy of
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the brain's functioning and interconnections [5Sfarfiscranial magnetic stimulation (TMS) devices walladjustment of the
magnetic stimulus parameters over a wide rangesePsliaping is accomplished through the use of higher insulated-gate
bipolar transistors (IGBTs), high energy storageacétors, and requisite snubber and control ciscuifMS (repetitive TMS)
produces briefer magnetic pulses than conventid®, which could reduce unpleasant scalp sensatidlS can generate
high frequency trains of unipolar pulses which rhaye more potent therapeutic effect [6].

The design of TMS coils determines the electritdfigattern that is induced in the brain. Dependinghe stimulation target,
designs with various degrees of focality and fipghetration depth could be desirable. We are istiedein coil designs for
deep brain TMS, which are particularly challengihge to the rapid decay of electric field away fribra coil.. In the process of
coil development, finite element modeling (FEM) eléctromagnetic fields is used which allows fastimjzation designs
before a hardware prototype, is constructed. TMS$ised for transcranial brain stimulation in the preg of implanted
stimulation systems. To stimulate deep brain regianvery high intensity would be needed. Suchsitg cannot be reached
by standard magnetic stimulators using the redidare-of-eight or brain regions effectively woultimulate cortical regions
and facial nerves over the level that may leadatiaf pain, facial and cervical muscle contractiaral other undesirable side
effects [5]. The double-cone coil has a somewhailai shape as the figure-of-eight coil except tifet two rings create an
angle (95 deg) between them and their diametesiglly larger. This coil, which is able to createager electrical field
intensity, is considered to be the best tool fonglation of deeper brain regions compared witheottoils [5]. Electrical field
intensity in the tissue and the rate of decreaselagftrical field as function of distance from tb@il, depend strongly on the
orientation of coil elements relative to tissueface. Studies with volume conductors having flatl ajeometries have
demonstrated that coil elements perpendicular ¢ostirface, induce accumulation of surface chargehMeads to complete
cancellation of the perpendicular components ofindeiced field at all points within the tissue.dddition, the electrical field
in any other direction is considerably reduced.ré&fere, when designing a coil for deep brain statioh, an effort should be
made to minimize the overall length of coil elensetitat are not tangential to brain tissue surféde/siologic studies of
peripheral nerves revealed that optimal activatonurs when the field is oriented in the same timacas the nerve fiber
Hence, to stimulate deep brain regions, it is reamgsto use coils in such an orientation that thélyproduce a considerable
field in a direction tangential to the surface, ehishould also be the preferable direction to at¢ithe neurons under
consideration. Another requirement is that thelfialthe deep region will be as large as possibiagared with the field at the
cortex [7].

Hesed coil was designed to stimulate effectivelgpd® brain regions without increasing the eledtrigdd intensity in the
superficial cortical regions. Numeric simulatiomzlgphantom measurements of the total electrickl fieoduced by the Hesed
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Figure 9: The Hesed coil shape when applied owehtiman head [8]
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coil inside a homogeneous spherical volume conduatal compare these with results from a circulalt o different
orientations and from the double-cone coil. Thepdob the electrical field in the brain as a funatiof the distance from the
new coil is much slower compared with previoussdiuch a coil can stimulate deeper regions sutheasucleus accumbens
and the fibers connecting the medial prefrontadingulate cortex with the nucleus accumbens thiedesign when applied on
the human head. The coil contains several strifzelaéd to the head, all connected serially, andngawires that induce
stimulation in the desired direction. This desidibction is the anteroposterior direction. Forteatrip there is a return path
wire, having current component at the oppositectima (z direction), which is located 5 cm above tiead. These return paths
are located at the top edges of four fans, to rentbe currents flowing through them away from teemregions of the head.
The specific design of the fans is meant to redineénductance of the coil. The fans are conneitt¢de frame near strips 7, 9,
18, and 20 (see Figure 9). These loci were chaseamove the return paths as much as possibletiierdeep brain region to
be activated most effectively. The only wires watlrrents that have radial components are thoseecting the strips that are
attached to the head with their return paths, atbegsides of the fans. An optimized coil would éaflexible frame allowing
all elements of the coil that are touching the higaldle tangential to the head surface The Hesédnzgi be used to stimulate a
variety of deep brain regions. In this case traasial magnetic stimulation coil was placed dineailver the patient’s left
motor cortex, which controls hand movement [7].

7. ADVANTAGES

7.1 Help people with severe debilitating muscle wastitigeases, or with the so-called ‘locked-in’ symdeg to
communicate.

7.2 Help in direct brain communication in completelyglgzed patients.

7.3 Help to those who suffer from disorders like ALSnfpotrophic lateral sclerosis), Brainstem strokeiioror spinal
cord injury [2].

8. LIMITATIONS

8.1 Liability: Most people would agree that, under normal cir¢dantes, we are fully responsible for our actions.
However, if our intent was affected by a brain—catep interface, incorrect actions may be produdetply by
incorrect detection of correct intent.

8.2 Privacy: The capacity to induce information into the brenay provide us with the ability to base our actiomsa
better assessment of the environment. Becausénfbisnation is provided by a computer, it could d&ecessed and
modified by third parties, which may allow themindluence our actions.

8.3 In terms of the speed, accuracy and robustnesgedéthnology, there is long way to go [2].

9. APPLICATIONS

9.1 Communication and control: BBIs provide options for communication and contiml people with devastating
neuromuscular disorders (such as amyotrophic laselarosis, or ALS, brainstem stroke, cerebrakyabnd
spinal cord injury).
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9.2 Military defence system: DARPA (Defence Advanced Research Projects Agehag)been interested in Brain-
Machine-Interfaces for a number of years for militapplications like wiring fighter pilots directlp their planes
to allow autonomous flight from the safety of thewund[2].

10. FUTURE ENHANCEMENTS

More experiments have to be conducted to transmiernomplex information from one brain to the othégars from now the
technology could be used, for example, by someoré® ground to help a flight attendant or passelag®l an airplane if the
pilot becomes incapacitated. Or a person with difab could communicate his or her wish, say, flood or water. The brain
signals from one person to another would work g/drey didn't speak the same language [8].

11. CONCLUSION

Coupled brains can create new phenomena, incluginigal and nonverbal communication systems anddbald not have
emerged in species that lack brain-to-brain cogplBrain-to Brain Interface will help people who suffeith “Locked —In”
syndrome, and can also be used in our militaryrdefesystem. One person can chat, that is brainaio-bt speed of thoughts with
the person miles away. The technology will cut dowa whrbal communication in coming era. A broadbanghection, however,
would be essential.

REFERENCES

[1] Yoo S-S, Kim H, Filandrianos E, Taghados $drk SNon-Invasive Brain-to-Brain Interface (BBI): Estaltling Functional Links between Two Brains

[2] Singh G, Kaushik M,Brain to Brain Communication: Without any Interface imagioughts can be exchanged between mwais3, No. 9, September
2012, International Journal of Computer SciencengiBeering Technology (IJCSET)

[3] Halkiotis S First Brain-to-Brain Interface allows Transmission of Tilcand Motor Information between Raiebruary 2013

[4] Hasson U, Ghazanfar A A, Galantucci B, Gar®and Keysers (Brain-to-Brain coupling: a mechanism for creatingdasharing a social world, Trends
in Cognitive Science&ebruary 2012, Vol. 16, No. 2

[5] Roth Y, Zangen A, Hallett MA Coil Design for Transcranial Magnetic StimulatiohDeep Brain Regions

[6] Ruchonen J, Ollikainen M, Nikouline V, Virtanehn limoniemi RJ., Coitlesign for real and sham transcranial magnetic station, IEEE Trans Biomed
Eng. 2000 Feb;47(2):145-8, Medical Engineering @ertelsinki University Central Hospital, Finland

[7] Vadimharel E, Rabany L, Deustch L, Bloch Y, Zangerand Levkovitz Y,H-coil repetitive transcranial magnetic stimulatidar treatment resistant
major depressive disorder: An 18-week continuasiafety and feasibility study

[8] Researcher controls colleague’s motions in 1st humarain-to-brain interface in courtesy of: Doree Armstrong and Michelle Ma,
http://www.washington.edu/news/2013/08/27/researcbhatrols-colleagues-motions-in-1st-human-braibtain-interface/

149



