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Brai nwave Comruni cati on Research May Open
Doors for the “Locked-in”

by Debbi e King

| magi ne being able to comunicate with
others nerely by controlling your thoughts.
It may sound futuristic, but a research team
at the University of Victoria is conducting
groundbr eaki ng research in brai nwave

comuni cation to nmake this concept a reality
for certain types of disabled patients.

The project driving this research
i nvol ves a seventeen-year old nanmed Caire
M nkl ey. Born with a severe genetic disorder
simlar to cerebral palsy, Caire has little
muscl e control. Yet through the tedious
process of using a letter board, the
strai ght-A high school student has
denmonstrated strong intellectual abilities.
To achi eve her goal to study astronony and
physiology in college, however, Caire wll
need a nore advanced form of conmmuni cati on.

A specialized team of researchers from
a variety of disciplines is working to nake
such conmuni cati on possible for aire and
ot her di sabled patients who suffer fromloss
of muscul ar control. The University of
Victoria Assistive Technol ogy Team (UVATT)
in Victoria, British Colunbia is finding
t hat non-di sabl ed subj ects generate periodic
brain signals that they can turn on and off.

Bil | Hook, communications engi neer and
project director of the UVATT brai nwave
comuni cati on research, explains that these
periodic signals are simlar to those
generated by the transmtter in a cell
phone. According to Hook, the first two non-
di sabl ed test subjects generated signals of
“incredible purity.” Mre testing of non-

di sabl ed test subjects is planned.

The UWVATT hopes this discovery wll
pave the way for “locked-in” disabled
patients such as C aire—those whose m nds
are active but who have little or no nuscle
control--to conmunicate with others just by
flipping a nental switch in their brain.

Funded primarily by a Victoria software
devel oprent firm Anthony Mcaul ey
Associ at es, Hook and ot her UVATT nenbers



51
52
53

55
56
57
58
59
60
61
62
63

65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

have spent the | ast two years devel opi ng
what is known as coherent detection
software, which acts as a receiver for
detecti ng and denodul ating the transmtted
brain signals. Hook points out that this
receiver is simlar to those used in cel
phones and virtually all digital

comuni cati ons systens.

What di stinguishes this software,
call ed the Cyberlink Coherent Detection
System from ot her brai nwave conmuni cation
devices, is its ability to pick up the
periodic brain signals while rejecting
“electrical noise” generated by background
brai nwave activity and involuntary nuscle
spasms.

The idea for Cyberlink was born from
U.S. Air Force technol ogy designed to help
pilots performother tasks while flying
usi ng nuscle or brain signals. Former Air
Force researcher Andrew Junker created the
Cyberlink software to provi de conputer
access for the disabled. “It provides a link
that | ets people who are locked in their
body find a way out,” says Junker, an
el ectrical engi neer and neurophysi ol ogi st.

Wth Junker’s perm ssion and hel p, Hook
adapted the Cyberlink software to use
coherent detection processing to pick up the
periodic brain signals. “W have
denmonstrated, using a brai nwave sinul ator,
that Cyberlink can be reprogranmed using our
new software to detect these signals,” Hook
says.

“I'ts just like tuning into a radio
station and finding a signal,” adds N gel
Li vi ngston, biologist and UVATT chair.

“You’' ve actually tuned into a particul ar
frequency.”

Besi des working with Claire, the U/ATT
is seeking patients suffering from
anmyotrophic lateral sclerosis (ALS), also
known as Lou Gehrig’s disease, and brain
stem strokes for the next phase of the
Cyberlink research: teaching disabl ed
subjects how turn the detected signals on
and of f. These patients are considered to be
i deal candi dates because their brains are
not affected by the progressive nuscle
degenerati on associated with their disease.
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Therefore, in theory, they should be able
learn to control the periodic brain signals.

Detecting the periodic brain signals in
Claire will be nore difficult. Livingston
points out that, since Claire has no contro
over her nuscles, they fire all the tinme and
generate a lot of electrical noise. “You ve
got to get rid of all of that, and try and
tune into this frequency that's being
broadcast,” Livingston explains, “so that’'s
very technically chall enging.” However,
Caire s father, John M nkl ey, has assured
Li vi ngston and Hook that even if she can
signal only 15 words an hour, if she can
comuni cate with others w thout help, it
wi |l be an incredible breakthrough

Al'l test subjects wear a headband or
cap of non-invasive el ectrodes | ocated on
t he top-back portion of their head and are
asked to clear their mnds and enter a
rel axed nental state. In non-disabled test
subj ects, the revised Cyberlink software
easily detects a |l arge | owfrequency
brai nwave pattern of about 10 Hz (cycl es per
second). This frequency falls within the
range of Al pha waves, typically associated
with relaxation or neditation.

Subj ects are then asked to visualize a
compl ex mental inmage, such as a spinning
cube. The height, or anplitude, of the
brai nwave signal, drops sharply to a mnim
val ue. “What you’ ve got is two very
different states,” says Livingston.

“That’s the start of a conmmuni cation
system” he continues, “because that’s kind
of like yes and no--a binary system?”

By equating the “rel axed” signal wth
“YES” and a cognitive signal with “NQ,”
subjects learn to control the brain signals
in response to yes/no questions through
either auditory or visual feedback

The signals are anplified, processed,
and digitized through a hand-sized piece of
hardware, and transmtted to the Cyberlink
software on a | aptop conmputer for coherent
detection processing. Software packages are
avai l abl e that can interpret the yes/no
deci si ons processed by Cyberlink and
transl ate theminto neani ngful sentences.
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Li vi ngst on and Hook envi sion that
patients could be hooked up to a conputer
t hat asks the yes/no questions. Once
filtered through Cyberlink, the signals
could be then fed into the interpretation
software, or perhaps eventually a voice
synt hesi zer.

Hook |ikens their research to the
mechani cal switch that noted physici st
St ephen Hawki ng uses to communi cat e.
Hawki ng, who suffers from ALS, operates the
switch using hand, head, or eye novenent to
send nessages to a portable conputer and
speech synt hesi zer nounted on his whee
chair. “We are trying to replace the switch
t hat Stephen Hawki ng uses with a brai n-wave
activated switch,” Hook concl udes.

Debbi e King is an experienced technical
witer, and is currently a Science News
Witing student at the University of
Washi ngt on.
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G aire Mnkley hooked up to the UATT
Cyberlink Coherent Detection device, with
Dr. Nigel Livingston (left), and Claire's
father, John (right). Photo: Diana
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[Pul | -quote 1:]

“I't [the Cyberlink technol ogy] provides a
link that | ets people who are | ocked in
their body find a way out.”

-- Dr. Andrew Junker



