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The future of technology and design
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Installment 1: Cybernetic Interface using biosignals
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Electrical signals (electromyographic, or EMG signals) generated
when a muscle contracts are measured with an electrode attached
to the skin and used to control robotic prostheses or wheelchairs.
| visited Hiroshima University's Department of Artificial Complex
Systems Engineering where researchers are developing interfac-
es using EMG signals and talked with Professor Toshio Tsuji about
new directions in human/machine interfaces
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Installment 1: Cybernetic Interface using biosignals
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Band type electn for measuring

The prosthesis moves by measuring the
EMG signals in the arm. These EMG sig-
nals, changes in electric potential, are read
by electrodes attached to the skin. When
| visited Professor Tsuji's lab | was shown a
demanstration, A researcher with six elec
trodes attached to his right arm perfarmed
six movements with his hand: clenching,
opening, and bending the wrist up, down,
left and right. A computer read the EMG sig
nal patterns and created a program that re-
sponded to that particular operator. One or
two minutes later, when the programming
was finished, the prosthetic hand maoved in
the same manner as did the operator's own
hand. When the operator clenched his hand
the prosthetic hand clenched In sync. Since
EMG signals also convey intensity, the pros-
thesis can even reproduce the strength of
the person’s grip. They also showed me a
video of an experiment where a person who
had lost his forearm operated the prosthe-
sis. When a person loses an arm the “image”
of that arm remains. In fact, if you imagine
bending your wrist or clenching your hand
an electrical signal moves from your brain
to your hand. With this device, electrodes
attached to the skin on the ampulee's
stump detect those electric signals and the
prosthesis moves accordingly. This is cyborg
technology that augments the human body
with a machine

Professor Tsuji's main concern, how-
ever, is not the development of a high-per-
formance prosthetic hand but research into
interfaces connecting human beings and
machines, "The key technology of this lab
is ‘learning,” Professor Tsuji explained. "The
EMG signals generated by the clenching
motion are different on any two days, even
with the same person. |f we have ten dis-
abled people they will all differ concerning
their symptoms and severity. There's no such
thing as a 'standard disabled person.’ That's
why | thought of a system that uses a neu-
ral net (a learning algorithm that mimics the
neural circuitry of the brain) that apprehends
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on the spot the strengths of the individual
and impravises an interface”

Professor Tsuji's designation for his research
Is the "Cybernetic Interface” This research
explicates and maodels human motor mecha
nisms, learning, and information process
ing, and develops interfaces that apply the
models to machines, It's called "cybernetics’
because of the idea of imitating human mo
tion in machines and making machines more
similar to human beings. The initial system
that got the prosthetic hand to move re-
guired a very |arge device. It used a magnetic
sensor to measure the position of the pros-
thetic hand and the amplifier was packed
onto a rack just like a high-end audio system
Frofessor Tsuji wondered If there was a way
to make it practical for daily living. That's
when he thought of the bio-remote system
Instead of using EMG signals to directly con
trol the machine, this system controls it re
motely through an EMG signal activated per-
sonal computer screen, Three movements
operate the computer menu; wrist up, wrist
down, and hand clenched, Clenching is used
1o select a task, performing essentially same
function as clicking a mouse

CHRIS is a wheelchair that employs this
bio-remote system, The operator uses the
personal computer ta cantrol the wheelchair
as well as home electrical appliances. | also
saw a video of an experiment where a quad
riplegic patient, who had electrodes attached
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The future of technology

under both eyes, operated this wheelchair
by using his facial muscles. "Since the patient
can operate the wheelchair remotely even
if he's not sitting in it he can send it to other
rooms in the house and participate in fam-
ily conversations via microphanes, speakers
and cameras. The robot stands in for you, it
becomes your agent and can perform many
tasks for you.”

Let your imagination work a little here
With this technology disabled people in the
future may be able to do things that go far
beyond the abilities of the non-disabled. It
may be possible to master the operation of
a remote computer or robot with one's facial
muscles alone. "Human beings, even if dis-
abled, are extremely capable. If we create a
system where machines and human beings
can learn from each other and improve each
other's abilities then we might see the birth
of applications that we could never have
conceived. | don't think it will ever come to
us leaving everything up to machines and
degenerating physically.”

At Professor Tsuji's lab they also do research
into Artificlal Life, which reenacts in a com-
puter the mechanisms of mavement of nem-
atodes and simple celled organisms such
as bacteria and the paramecium. "When
you think about it, you'll see that there's not
much difference between the human brain
cell and the paramecium. A paramecium re-
spands If there's stimulation. The movement
of that kind of cell is the same as a machine,
and can be written as an electrical formula,
However, when it comes to the brain with its
massive number of cells there is no longer
any way that such a formula could be writ-
ten. But where does the switch take place?
The secret must lie somewhere,” Professor
Tsuji continued.

But can the human senses too be quan-
tified? "Yes..., at least that's what | think. It's
a matter of taking that approach and seeing
how far we can go. | want to go beyond the
conventional domains of engineering in ac
cordance with that perspective. Many electri-
cal engineers share this view, Although it's
hard for fields like mechanical engineering
to move too far from objects, electrical engi-
neers are like nomads who can freely trans-
verse borders. | want to take a variety of ap-
proaches to the human/machine interface
through that point of view." @
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