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SOMETHING INCREDIBLE Is HAPPENING IN A LAB AT DUKL
University s Center for Neuroengineering—though. at first,
it's hard to see just what it is. A robot arms swings trom side
1o side, eeriby litelike, as if 1 were trving to snatch nvisible
{lies out of the air 1t pivols around and straightens as 1t
extends its mechanical hand, The hand clamp shuts and
squeezes tor o few seconds, then relaxes its grip and pulls
back 1o shoot ot again in a new direction.

(K, nothing particularly astonishing here
robot armys, atter all, do evervthing from

building our cars to sequenang our DNA. But
those robot arms are operated by sottware;
the arm at Duke follows commands of a dit
ferent sorl To see where those commands are
coming from, vou have to follow a tangled
trall of cables out of the lah and down the halj
1o another, smaller reom.

Inside this 1oom sits a motionless macaaie
monkey

The rnonkey is strapped in a chair, staring
at a computer screen. On the screen a black
dot moves from side to side; when it stops. a
circle widens around it You wouldnt know
just front watching, but that dot represents
the movements of the arm in the other
room. The circle indicates the squeezing of
its rohoric grip: as the force of the grip
increases, the circle widens. In other words,
the dot and the circle are responding to the
robot arm’s movements. And the arm? 1t's
being directed by the monkey.

Did 1 mention the monkey is motionless?

Take another look ai those cables: They
snake into the back of the computer and then

out again terminatingira cap on the monkev's

head, where they receive signals from hun
dreds of electrodes buried m its brain. The
mionkey s direeting the robot with its thoughrs,

For decades scienmists have pondered, speculated on, and
pooh poohed the possibility of a divect interface berween a
brain and a machine  only in the late 1ogos did scientists
start fearning encugh sbout the bramn and signal-processing
to offer glivumers of hope that this science-fiction vision
could became reality, Since then, insights into the workings
ol the brain how it encodes commands for the body, and
howe it learns 1o improve those commands over time —have
piled wp at an astonishing pace, and the researchers at Duke
studving the macaque and the rohotic arm are at the leading
edge of the techmology. “This goes wav beyond what's been
done betore,” savs neuroscientist Miguel Nicolells, co-cirectar of
the Center for Neurvengineering. Indeed. the performance
ol the center's monkeys suggests that a mind-machine merger
conld become a reality in humans very soon.

Nicolelis and his team are confident that in fve vears they
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will be able to bntildd o robot armn thar can be controlled 1 0
persan withe electrodes implianted i~ o her Bran Then
chiel tnous 1 medical - they aing to 2ive people with pane
bezed limbs o new took 1o make evervilay lite easier But the
suceess they and other graups of scientist<are achieving has
triggered hroader exotement in both the puthe and private
sectors. The Deiense Advanced Rescarch Projects Agency nas
abreads doled out $z4 millon o varions brain machine
rescarch eflorts across the United States. the Duke group
among tirenn High on DARPAS wish listv nnnd-controlied
Dattie robots, and airplanes that can be flownowith nothing
mare than thought, You were hopiog for something o it
closer to home 2 How about a mental telephone that vou coutd

vse shimply by dhinsamy abon ik,
N tad bl

HE NOTION OF DECODING THE BRATN'S COMNANDS

can seent, an the face of 11 1o be pure hnbris fhow

could any computer covesdrop oncall the goingson
that take place in there every moment of ordinary lite?

Yer alter a century of neurological breakihronghs scien
tists aren U socintinndated by the braime thes treat it as just
another information PrOCess albietl the miost (()mplv,\ (e
in the world "W don't see the bram as being o mivsierions
organ,”savs Craig Henrgues, N obeli= < tellow co-directon of
the Center for Nenroengineering, "VWe see 1« and os popping
out of the braim, and we' e decoding o

The source of all those 1+ and o 1=, of course. the brain's
Bilbons of newrons. When a newron gets an inconung, sumu

fus et one end o example, photons stke the reting, which

<enicls that visual information 1o a neathy nearan --an elee =~

tric pubse travels the uearon’s lengthe Depending on the
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signals it receives, a neuron can crackle with hundreds of
these impulses every second. When each impulse reaches the
S endd ot tie nearon, 1t triggers the cell to dump neuro-
teanstnitiers that can spark 4 new impulse in a neighboring
aetron, 1 this way, the signat gets passed around the brain
Hie o Dizton i a tootiace, Ultimately, this rapid-fire code gives
Fise to electrical impulses that travel along nerves that lead
aut of the brain and spread throngh the body, causing mus-
clos to contract and relax inail sorts of different patterns, let-
ting us blink. speak, walk, or play the sousaphone.

I the 19308 nevtoscientists began to record these impulses
with implanzable clectrodes, Although cach nearon s coated in
an insulating sheath, o impulse still creates o weak electric
field outside the cell Besearchers studying rat and monkey

impossibility. "If you wanted to have a robot arm move left,”
Chapin explains, "vou would have to tind that small set of
neurons that would carry the command to move to the left.
But you don't know where those cells are in advance”

Thus everything that was known at the time suggested
that brain-machine interfaces were a fool's errand. Every-

thing, it turned out, was wrong.

o at Hahnemann University in Philadeiphia. intent
on cracking the neural code, regardless of how com-

plex it imight prove to be. At Hahnemanon he found the per-

fert collaborator in John Chapin, who had spent the previous

decade working on a device that could take 12 separate

N 1989, MIGUEL NICOLELIS ARRIVED FROM BRAZIL

Sensors in the
mechanical

hand (left}

brains found that by placing the sensitive tip of an electrode
near 1 nencen thev eould pick wp the sudden changes in the elec-
tric tield that oceurred when signals coursed through the cell.

Fhe more seientists studied this nearal code. the more they
coalized that it wasn't all that different from the on-otf digi-
‘aloode of computers. 1f scientists could decipher the code—
to transiate one signal as “lift hand™and another as ook left,”
they coubd nse the information to operate a machine. “This
e is ol new, saves lohin Chapin, a eollaborator with the
Dithe teseirchers who works at the State University of New
Yark Downstate Health Science Center in Brooklyn, "People
have thought shout it since the ‘oo

Hul most researchers assumed that each rype of movement
was governed by a specific handful of the brain's hillions of
nenrons - the need 1o meoniter the whole brain in order to
i e few would niake the successiul decoding a practical

register the
force anpiied to
a piece of foam
{not shown)
and :match that
with how hard
the monkey
thinis to
squeexe. The
center of apera-
Yions: Miguel
Micoleits
Imiddte) in his
Duke University
lab. The com-
niex task of
tracking «ll the
brain activity
‘alls to the
Multichannel
Acquisition Pro-
cessors [right).
Each of these
records signals
from roughly
150 neurons
simuitaneousty.

recordings from the brain at once; it the two ot them could
perfect it, they'd be the first 10 be able to listen to more than
one neurarn at a tme.

Every aspect of the project posed new challenges. To work
adequately, Lhe electrodes needed to be tiny enough to be
safely inserted into the brain, and precise enough to send a
reliabie stream of data to & computer. Conventional elec-
trodes would get covered in scar tissue. The problem, Chapin
and Nicolelis found, was that the electrodes. designed as rigid
spikes, were damaging the surrounding brain tissile—so the
scientists subbed in electrodes with flexible tips. "They have
1o float around,” Nicolelis says. “But if they are rigid and move
around, the brain can be dissected.”

By the mid-'9os, Nicolelis and Chapin {inally were inserting
their arrays of electrodes into the brains of living rats—and
whal they discovered instantly challenged the conventional
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wisdorm on the way neurons send therr wessages. What thev
found was that the cornmands tor even the sinpest of movie-
ments— twitching o whisker, for example -reguired tar mose
than just & v cluster of neurons, i fack o whole arehestra
of neurons scattered across Hie brain plaved mosvnehrom
And the neurons pehaved like an orchestra in another impor
tan way, Beethoven's Fitth: Svmphone and Gershwi~ Bhap
sodv in Blue sound nothing shike, even il many ot the same
musicians are plaving both pleces, o many ot the same
instruments, usmg many ol the =ane notes. Likewise. many
of the same neurons, 1t turned ot participaled by generating
many different kinds ol bady niovenient

With this discovery, the biggest suppusea verad bl e
making o brainnachine mterlace sudaent disappeared.

A mutr-glecrrode cap [1]
enabies researchers 1o
match ¢ monkey s ren-
tions —to manpulate ¢
computer cursar by mov-
ing a joystick - with its
brain waves. After re-
cording which patterns of
neurcnai activity corre-
spond 1o tnat achot.,
researcher: fransiate the
monitey s thoughts irte
roboitc mohon, The car
noids five to 18 elec
trodes, eact with 1& 1o
128 microwires [1a]. The
eiectrodes gre implanted
in the brair at o rate of
abour C.7 miliimerers pe:
minutc. 1o 6 aept- of oniv
2 milhimeters. Once inside.
each of the blunt-tipped
microwires. which are
oniv 5G micron: wide,
aets like o numiarure
entenne capable of
recording the ciectrica
uctvire of one fe fou:
igea. nevoans [1b]. Thas
jaystick 1> disabled. Now,

wher tne monkev thaa, 75 ey [t
the electrical aetvity. then fra
whier: piot: apsb pesion 12]
these potterns wi Lo H
arm mohon: * the crome [3]

Rather than needing to find the tiny hamdtal of newrons
responsible for @ particular movement, scientists coutld, by
listening te g small fraction of newrons i brain, genevate
enough information o recognize many difterent com
mands. Think again of the brai as an orchestias You don't
need 1o set up a microphone nestto every instiament to tell
whether the orchestra is plaving Beethoven s Fitth o Bliap
sody in Blue You could probably figure itout by hstening 1o
just a handtul of mmsicians,

Totest this supposition, Chapin and Nicolelis inserted ele
trodes into a rat’s brain and began monitoring 406 neurons,
They then trained the rat 1o press a fever 1o geta drink of
water, and used the electrodes to record the pantern of signals
the animal produced to move s arm Then Chapin and
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Nicolelis disconnected the iever from the water suppiv, so it
pressing the lever did nothing. The ratwent on pressmg the
iever, but now the seientists gave the rat o drink ob water
when it simplhy produced the  press fever” commuand i i
bram. Atter 2 while, the rar stoppecd bothering to Tt 2,
and just thought about fifting 1

O LONG AETER THE RAL BREARTIROUGH Nocobels
ot a joh at Duke and begar setting up a4 new fab ter
Lake The research o a higher level, Hhere he began o
irmplant cloctiodes Tnto monkevs instead of rats, hopmg to e
them to operate more complex equipment with theis hrams.
Nicalolic teamed up with biomedieat enpreers at Prdke oy

design new arrays of electrodes, along with high capacity signal

iMonkey Mind Meld. How an animal’s thoughts can move a robot

>’

processors, that could handle the new chadlenge. " Mignel alwie
wants more channeks” says biomedical enginees Parck Woll
with a grin "1t s like, More powar, Seoty

By zooc, Nicolelis amd his colleagues had mvented ases
tent that could recognive patterns in monkey brares well
enaugh to let the animals swing a rohot arn io the let orto
the right with their thoughts The success e the
rosearchiers the confidence to set themselves @ ooad todesien
o system that would allow paralyzed people lo operate 4 pros
thetic arnt with ¢ set of implanted eleciodes e arm
wouldn'tlet people plav a prane sonata, it wortich let them
do simpler things like drink o glass of waier. "That 4 {airiy
complicaned action,” says Henriguez "Ocing out. arabhing o
class, grabbing with enough pressure o noidet it siip, g
it, drinking from it and putting i hack

The next steps Woward That goat would be to mahe the roahiot
arr move i more intricaie wavs, and then e add a sipic
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hand that could also follow @ monkey s commands. This 1s the

svsten that's online todav: A monkey learns how to use it by
Sinting Lt computer screen and using ajovstick 1o move acur-
~or dartoss e sereen. When a dot appears on the screen, the
monkey diags the cersor on top of iU order 1o get a squirt of
wice through o mbe rigged up next taits mouth. The elec
trodes i the monkey s brain record the signals from s motor
senrans as they Torm the commands that move its arm.

Fhee sienals are piped into a computer, which compares
then to the jovstick s ivovements and lgures out how to pre-
dict shie lacer foom the Tormiesn Once the computer has grown
famitiar enough with the monkey’s hrain patterus, it uses
tose signals rather than input feam the joystick 1o move the
I sor across the sereen,

“After aowhile, Hke the rats betore her, she realizes she
doest t hinve to move ber band " savs Nicolelis, The monkey
simply thinks the cursor across the screen.

Then the ntonkey learns to use its mind to control a robot.
(The monkey, however, doesn’t realize the robot even exists;
s shimpiv foensed onmoving the cursor 1o gain rewards )
The monkey opeates the jovsiick again, but the signals from
the jovstick goto the robot arm. The cursor still moves across
the sereen: now, however, its tesponding to the robot's move-
ments rather than the jovatick’s. The switch is awkward at
tirsi for the monkeyv—it's a bit like learning o type with the
tips of two pens insteasd of vour fingers. But by watching the
curson move on the sereen. the monkey manages to control
the tobot with its brain signals alone

When amonkey has learned this skill, its readv tor the
thord and Hingl challenge: reaching plus grabbing. When
the monhkeyv moves the cursor to the dot, 1t now has t
~quecze the joystick. Sensors measure how hard the mon-
nev squeezes, and the computer sereen displavs the foree
as an expanding dise on the sereen. By watching the disc
expand, the monkev learns how o applv different amounts
of toree in ovder 1o get its reward, "She has to squeeze verv
preciseiv, savs Nicolelis,

Noone snew it g monkey conld meet this challenge. Clearly,
the electiade arravs could recognize commands to move the
arnt hack and forth, Bt whar if squeezing was controlled by
neutons oo far away from the electrodes 1o he monitored?
Nieoiclis pul his Laith i the orchestral nature of neurons—
and he wasn disgppointed. The svsiern could predict how
hard the monkey was squeezing as well as it could predicr
where 1t was movine the arm, “The predictions,” he says with
e e tnhelievably sood.”

GOH OF THE AMONEY THAT FUNDS NICOLELIS™S

rosearch cotnes trom ARPA, which in 2003 ratch-

eredd np s dong <tanding interest in brain-related
tesearch o a new Jevel by launching the Brain-Machine
[ntertare Pracram (BN with an initial grant ot Szq million
diveded among <o different labs. “Tmagine how aseful and
Bnportant £ conle be forawar izhter touse only the powes
a1 his thowshits todo things o great distances, says Tony
Tether the director of DARPA.

DARPA 15 famoens Tor funding Tuuristic rechnojogy of ail
~arts, from the nrecursor to the Internet ta the ill-fated ter-
corist tutures marker witich was attacked by Congress last
~umner. And aceording 1o tormer BMI program director
Vian Kudoloh, DARPA s well aware that theres no guarantee

that the brain-machine interface research will ever make it
onto the battletield. "There's plenty of nish.” he says. “If there
wasn t a lot of risk, we wouldn't e Involved”

In addition to the Duke research, DARPAS funding s help-
ing other scientists pursue the linkage of brain and machine,
Al the University of Michigan, tor example, it's supporting e
search that may eventually let humans control o more classic
free standing robot with their thoughts, The robot in ques-
tion, known as Rbex, can scurry around on six tegs like a
mechanical cockroach. Researchers are investigating how 1o
teach rats to control the movement of Rilex by pressing
levers that steer the robot Teft and right. Then, ina process
simmilar to the one emploved at Duke, seientists will decode
the brain patterns the rats use to prass the ditlerent levers,

“YOU COULD
IMAGINE
THINKING
ABOUT TALKING
AND HAVING IT
PROJECTED INTO
A ROOM 2,000
MILES AWAY,
SAYS CRAIG
HENRIQUEZ. “I
DON'T SEE THAT
THAT WILL BE
A PROBLEM.”

and enable the rat to guide RHex by thonught alone. lHumans
could someday use the same system o guide robots into col-
lapsed buildings or across rough 1errain on distant planets—
or, DARPA hopes, inlo battle,

Not all of DARPA's research is limited 1o manipulating
machines. The brain does more than just move arms and
legs -t also sends oul complex commands that control mus-
cles in the throat, tongue and mouth, ereating speech. Tt's
comeeivable that a computer could leart 1o recognize those
commands beiore they leave the braim and then transiate
ther into words " You could imagine thinking about talking
and having it projected into a room 2000 miies away,” savs
Craig Henriquez. T don’t see that that will be o problem. 1ts
very, very passible.”

But Henriguez and other neuroengineers do see one par
ticularily enormous roadblock in the wav ol DARPAS goal.

According to Rudolph, it would be unethicel to implant

——
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electrodes in the heads of healthy sol-
diers. He's betting that future technology
“will be able to read brain signals without
actuallv being inside the brain. Today
the most common wav to attempt this is
with electroencephalograpby [EEG) n
which electrodes are placed on the scaip.
But EEG has a serlous drawback: It can
only pick up a blurry, weak signal com-
pared to what electrodes nestled in the
brain can record. People can learn to con-
trol a computer by altering their EEG
patterns. but it takes months of training
to type st a few letters a minute. That's
net the sort of bandwidth vou want for

operating an arm. “To the best of o
knowledge, that doesn 't look very prom-
ising at the moment.” Henrquez says.
Rudalph expeets other approaches to
pay off down the oad "Out at 2 years
I have a lot of hope,” he says. He points
to 2 new kind of brain imaging known
as magnetoencephalography, or MEG,
that uses magnets to pick up eiectrical
activity in the brain. MEG has the sort of
speed and resolution that might make a
brain-machine interface possible. In
their current form. MEG scanners have
to be protected by shielded walls and
cooled with giant tanks of heliom.
Bul Rudolph speculates that room-
temperature superconductors and other
materials of the future will make MEG
portable. “1f vou think about using
superconducting magnets, maybe you
could figure out how to make a helmet,”
he save. 1t might be possible in a few
derades to design a helmetlike scanner
that a soldier could wear along with a
signal processing supercomputer in his
hackpack. “At least DARPA's got some
people fooking at that.” Rudolph says.

NE OF THE WAYS YOU CAN tell

that the monkey-controlled

rohot arms at Duke aren’t sa
ence fiction i that sometimes they dont
work. Some davs the circuit boards fry,
and other davs the prospeet of a reward
of jnce just su't enough to motivate
monkevs to play the game. For all the
progress the researchers have made m
recent years, the work is still hard, and
there's a lot more hard work ahead
heiore they see their research making a
difterence in people’s lives,

BRAIN-MACHINE BETA TESTING

Devices that harness broin or nerve impuises fo help patients see, hear,
move, and communicate are already available —though for now they
remain relatively primitive.

- FREEING “LOCKEL-IN" PATIEN TS
Electrod |, Amplitier & FM N logist Philip K dv h d
Recewving .- fransmitter eurolcgis ilip Kennedy has create
wl : 3 Y o device to help torally paraiyzed people
T control a computer cursor—and thereby
communicate—with their thoughts. An
electrode is surgically implanted into the
patient’s motor cortex, the movement-
controlling part of the brain; the electrical
signals it picks up are converted to soft-
ware commands. Learning to use the
device is o process of mentol frial and
error: Patients think about making vari-
ous movements and watch how those
thoughts affect the cursor; over time they
learn which thoughts make the cursor move up, down, right and left. The
brain data is sent to the computer via an FM transmitter, 50 no wites are nec-
essary. So far six people have tried the $100,000 Brain Communicator, which
is made by Kennedys compuany, Neural Signals, in Atlanta, Georgia.

X-ray of Brain Communicator

MACHINE-GENERATED VISION

Surreal-looking spectacles designed by ophthaimalogist Mark Humayun of
USC are helping blind people regain some sight. Arificial retinas are implanted
in patients’ eyes, then connected vio wires to a small magnatic disc sutured
onto the scalp. When o person dons the glasses, miniature video comeraos pick
up ambient light and turn it into electrical impulses, which are fransmitted
wirelessly to the magnetic discs and, from there, sent via the retinal implant to
the brain’s optic nerve, recreating the natural sight pathway. The device offers
patients only fuzzy spots of light in a limited field, but Humayun hopes to
improve resolution by determining which patterns of electrical pulses most
effectively stimulate the optic nerve.

ELECTRONIC EARS

Cochlear implants, small electronic devices
implanted under the skin behind the ear, have
helped 59,000 people worldwide regain
some hearing. in o heclthy person, the inner
ear converts sound waves into electrical
impuises, which activate a nerve that sends
sound signals to the brain. A cochlear implant
mimics this natural process. The device’s
speech processor turns sounds picked up .
from a microphene into electronic bursts, e
which stimulate the auditory nerve to create
the perception of sound in the brain.

Trensmitting coil

Ear hook

Microphane

Speech processar
L—

BIONIC ARM

Three years agoe ufility-line repairman Jesse Sullivan touched a live wire, bumn-
ing his arms so badly they had to be amputated. But o technique devised by
biomedical engineer Todd Kuiken, director of amputee services at the Rehabili-
tation Institute of Chicago, enables Sullivan to control his artificial left arm with
his mind alone. Kuiken grafted nerve endings from Sullivan’s shoulder onto his
chest muscie. When Sullivan thinks about raising his arm, his brain sends sig-
nals te the nerves thet once initiated this function; the nerves spur his chest
muscle to contract: and electrodes on the graft pick up these twitches and
translate them into prosthetic-arm movements. —EUZABETH SVOBODA

connected by cables 10 a robat arm. The Duke researchers will

Take the equipment itself. Wires sprout from the implants need to design a far more portable, unobtrusive system to
in a4 monkeyv's head and are jucked in1o a big signal processor, make it practical tor humans. They envision implanting an
which in turn is plugged into a computer, which in turn is — array of electrodes in key regions of a guadriplegic patient’s

hrain, The signals detected by the electrodes would Lravel

n More human-machine interface research: popsci.com/exclusive

through a wire to a small processor embedded in the skull,
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From there, the processor would ICONTINJED ON PAGE 102)»

AILWH AYITHDOD ASILNNGD SIVRDIS 19NN AGILHNOD dOL WD




IT'S LIKE A NAP
ON STEROIDS.

'-/

So how does it work?

This CD has been designed
using a scientifically proven
fechnique to take you down
and wake you up refreshed
and relaxed in 25 minutes.

Am!nn déapdaap B }-ohauamumue a0k sasesnuy -
1_ AjjEarEmep 0 Sty o asE p2jeaday ORIN VM i

Get the equivalent of a deep,

relaxed sleep in just 25 minutes.

|
|

L—

[CONTINUED FROM PAGE 52}

wirelessly transmit its signals out
ot the body. “It's like having an
implanted cetlphone,” says Nicolelis.

These signals would be picked
up by a portable computer, which
would then generate commands tor
the artificial limb. Patrick Wolt has
been aggressively tackling this part
of the system, and has already built
a wireless backpack computer for
the Duke monkeys, with enough
power to fransmit their brain signals
100 meters through the air.

The researchers are also grap-
pling with the fact that getting com-
mands out of the brain is not the full
secret to controlling an arm. The
brain also needs feedback in order 1o
make its commands more precise.
Imagine trying to pick-up a glass of
water without a sense of touch:
Instead of guiding your fingers
around its side, you might simply
knack it over. Or, once you'd man-
aged to grab the glass, you might
crush it accidentally as you tried to
pick it up. Or, after passing those
stages successfully, you might just
splash your face with water.

John Chapin is working on ways
to give people the feedback they'll
need to make the Duke brain-
machine interface a reality, He's
experimenting with how to deliver
information directly into the brain
——particularly to the region of
the brain that handles the sense of
touch. But that's long-term research.
in the short-term, a group at MIT 13
designing a cloth-like material that
can be attached to a place on a per-
son’s body where he or she still has
a sense of touch. Force sensors o
the limb can then relay their signals
to the cloth, which will turn that
information into different vibra-
tions. [t's not the same thing as feel
ing a glass in your hand, but your
brain can probably learn to take
advantage of the information.

Learning, in fact, tirns out o be
the secret weapon of brain-machine
interfaces. Nicolelis's latest studies
have shown what 1s happening to
the Duke monkeys on a neurclogi-
cal level as thev use the dots and cir-
cles o the computer screen o alter
the commands their brains gener-
ate. "Now we have plenty ot evi-
dence that the brain is rhanging,
and in ways [ didn't expect.” says

N

Nicolelis. "It happens in a matter of
minutes.” As the monkey trains,
neurons in its brain begin to alter
their firing patterns. More and more
neurons get involved in producing
commands—in fact, the number
can triple. At the same time, a spe-
cial set of neurons emerges that
hecomes active only when the mon-
key operates the robot directly with
its hrain, and not when it uses the
jovstick. Remarkably, these neurons
switch on as scon as Nicolelis dis
ables the joystick.

With this extra sel of neurons,
Nicolelis explains, “the brain is
assimildting the robot. 1t's creating a
representation of it in ditferent
areas of the moter cortex"—the part
of the monkey's brain where move-
ment commands are generated. As
the brain carves out & special place
for its representation of the robot,
Nicolelis speculates, it's possible that
the robot begins to feel as much a
part of the body as the monkey’s
OWT arm.

If he's correct, this is very good
news for people who might some-
day try to use his prosthetic limb.
Their brains will reorganize them-
selves to master the limb, which will
take on a natural feel. And since
humans can be told what they
should be learning—instead of fig-
uring it out on their own as mon-
keys do—the training process may
take even less time. “This could be
done in a matter of a few trials,
because you could instruct a human
what to do,” says Nicolelis.

The fact that the monkeys' brains
adapt so readily gives the Duke
researchers confidence in the face
of all the challenges that lie ahead.
While it's too soon to say whether
hrain-machine interfaces are going
to turn up on the battletield, they
are almost certainly headed ior the
doctor's office. “We have a plan for
every part of the puzzle” says
Patrick Wolt, who strongly believes
that the Duke team will meet 11s
tive-vear deadline. "l don't see any
showstopper.” =

Carl Zimmer is u science writer hused
in Guilford, Connecticut. His most
recent book, Soul Made Flesh: The
Discovery of the Brain—-and How It
Changed the World, was published
by the Free Press in January.
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