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For at least eight years, DARPA has been funding R&D
with the aim of building a better prosthetic arm, the
Modular Prosthetic Limb (MPL). The primary objective
is to advance the state of the art in prosthetics, making
them more lifelike with more capabilities and more intui-
tive to control by amputees. Then, if all goes well, that
R&D will be leveraged into both artificial arms and legs
for wounded soldiers. The research results could also be
used in other areas such as robotics.

It’s an ambitious project with some far-reaching goals.
For example, one goal is to have an arm/hand device that
can be controlled by the amputee’s thoughts. The project
has made great strides, thanks to the concerted efforts of

The Modular Prosthetic Limb, a project
funded by DARPA, has been a major source of
new technologies developed for prosthetics.

A project
to perfect

hundreds of scientists and engineers spread across 30 col-
leges and research labs, and millions of dollars in funding.
Here’s alook at what they’ve been doing.

Power

One of the many challenges in building the MPL
was deciding on a power source. Initial estimates in-
dicated it would need 50 W-hr for one day’s activity,
and the couldn’t weigh more than 0.75 Ib. Research-
ers explored several options. One, gas-powered gen-
erators, were too noisy and emitted noxious fumes.
Another alternative, controlled chemical reactions
— such as catalytically breaking down hydrogen per-

A DARPA-funded
effort pushes

the state of the artin
biomedical engineering.
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oxide to create gases that would spin small generators
— was deemed too dangerous.

The team quickly settled on batteries largely based on
the fact that the MPLs sensors and motors would all need
electricity, and batteries provide it without extra equip-
ment such as generators or combustion chambers.

“Today we are using lithium-polymer batteries,” says
Project Manager for MPL Development Matthew Jo-
hannes at Johns Hopkins University’s Applied Physics
Lab (JHU APL). “We use them for their charge/discharge
performance and power density. Cur-
rently, the batteries are in a standard
configuration, but in next-generation ’

—

designs, they could be custom shaped to make better use of
the available space. As the design stands now, we have al-
most the entire forearm empty and available for batteries”
Lithium-polymer batteries are the power choice of several
prosthetic companies, including RSLSteeper in the U. K.
That firm’s bebionic3 prosthetic hand uses 8.8-V lithium-
polymer batteries with either 1,300 or 2,200 mAh, depend-
ing on how hard the patient will use the artificial arm. “The
technology is well understood, commercially available, and
provides a lightweight power source that can supply all the
hand’s motors when operated simultaneously; says Ted Var-
ley, director of Development & Operations at Bebionic.
For the bebionic3, a single charge can power it all

The Wish List

DARPA managers laid out a long
list of requirements for its Modular
Prosthetic Arm (MPL). It included:

+ Duplicate the five-fingered
hand with an opposable thumb,
and include a wrist, elbow, and
shoulder.

- Give wearers feedback on objects
the MPL touches or grasps,
including temperature, texture,
whether the object is hard of
soft and how strong the grasp
is, and proprioception, letting
the wearer know the motion and
position of arm.

- Have as many degrees of
freedom as a human shoulder,
arm, elbow, wrist, and hand: 26.

« Look, feel, and weigh the same
as a human hand without being
noisy.

The fingers on the MPL are all
the same and interchangeable.
The fingers, thumb, and

wrist are activated by

15 brushless-dc motors with
embedded controllers and
low-level position and velocity
algorithms. The motors are all
housed in the palm. Cobotics,
an alternative method for
moving the fingers and

thumb, was rejected. It used
assingle electrical drive with

15 independent outputs driven
through infinitely variable
transmissions.
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day for the average user. The MPL team is also looking for
a battery that could supply a day’s worth of power.

“Currently, the MPL needs two, maybe three battery
swap outs per day, says Mike McLoughlin, deputy busi-
ness area executive for Research and Exploratory develop-
ment at JHU APL. The MPL needs more capable batteries
because it has more electrical motors, processing power,
and sensors.

Control

One of the most-difticult tasks will be to let users con-
trol prosthetics merely by thinking. In state-of-the-art
prosthetics currently on the market, like the $25k to $35K
bebionic3, movement of the elbow, wrist, and fingers is
through myoelectric signals, those emitted by muscles
when they flex. These relatively strong signals can be de-
tected outside the skin, so it’s a noninvasive approach (no
surgery needed). When a wearer flexes certain rarely used
muscles, the grip will contract or the wrist will turn. The
downside of this approach is that it is difficult for the pa-
tient and can be taxing. There also aren’t that many mus-
cles that can be used, so controlling an arm with 10 de-
grees of freedom is almost impossible.

To get better control of the prosthetic, a pair of doctors on
the team developed targeted innervation. In this approach,

CHARACTERISTIC

Degrees of freedom |26

Motors (degrees of control) |17

Weight of hand and wrist|2.9 Ib

Weight of upper arm 761b
Payload of hand
(witl)l’wrist active) 151b . Absolute Position Sensor )

Payload of hand (with wrist
static and upper arm active)

Cylindrical grasp force| 70 Ibf

Two-jaw pinch force | 15 Ibf

Three-jaw chuck pinch force |25 Ibf

Sensor

Upper-arm joint speed | 120°/sec

Wrist-joint speed | 120°/sec

Hand open or close time|300 msec

Voltage |24V

Communications|CAN

351b Contact Sensor
Torque Sensor

Joint Temperature

3-Axis Acclerometer
3-Axis Force Sensor

Additional Sensors

nerves are removed from one of the patient’s rarely used
muscles, usually in the pectoral region. The muscle is then
repopulated with nerves from the amputated arm or hand.
Electrodes placed over the reinnervated muscle now pick
up electrical signals when that muscle is flexed. So when the
patient wants to turn his wrist, he uses the same mental com-
mands he once used to control his real wrist. This makes his
reinnervated pectoral muscle flex, and that is picked up by an
electrode to form the basis of a control signal.

This nerve switch works both ways. For example, when
an ice cube is placed over his newly reinnervated pectoral,
the patient feels a cold sensation in his absent hand. This
can work with heat and texture, and the MPL team has
toyed with the idea of add-
ing an actuator to the patch
holding the electrodes. It
would push harder
on the pectoral as
the prosthetic hand’s
grip gets stronger.

This control tech-
nique also has sev-
eral downsides. The
first is that it requires
surgery and about a

-
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year of rehab before the patient staris using his new poos-
thetic. Bat this could be allaviated, says Mcdoughlin, “Tf
reinnervation hemmes popular for controlling prosthet-
ics, the operation opuld beoomes 2 matter of murse given
in patients when they first lose their imhs. It ke the fuct
that inday, reconstruct ve surgery is done at the same time
& tmaor is removed from o mammary gland . &t the san-
dard of @re’

Amn additiona] problemisthat there is hitfle chanos thene

will be ane-in-one mrmespondence between sahvaged ne-
implanted nerves and muscles ofthe arm and hand. &n
armyputes midght have onl piowr viahle nerve fmusde sies he
an conirnlindspend ently, and biomeadical enginesrshave
in-adapt the prosthefic 4o that Hmidation.

Amnagther control method takes reinnervation one shep
farther by eliminating the nesd for nerves. Instead, darc-
trodes are placed on the portions of the brain that oontnal
arm and hand mewvement. Fortunatey, thoes amess are on
the top of the brain and ndathvely sy 0 aomss incberms of
brain surgery. In murrent experiments, wirss run o de

MPL spin-offs

DARPIE MPL & an BED pmjes and not niended to
ever be wsed by hundreds of ampumees. Thats why it
@lled a modular peosthetic. Bomedial eng neers and -
hab sdentits can bomow and adape echnoibgies deved
oped by DGR B, for e im thelr owmn bess-apable but also
lezs-enpermive prosthe@os Jun dother indu stries;, including
defenise. could Moely find spineoff wses for #he new ted
nolbgy being developed ower #he oourse of the pogram.
in fact, they've direadyhad several other indusries dhow
imtarest For exarmple:

» Soph islicated algorifens $hat wn rdatively smple
and ceod e sigral tairs into ending and more-ratoal
mosernents could bewssd on smpla prosthegcs
Bebionics peosthetic arm, for rstanoe, s e dmple
mnirol shigrals o ac@vahe one of elght different grips.

That way, engin sem need notgive the patent so mudh
mniml ower his artifidal fngersand thumbs, but e
patientan stll camy oot mo st daily t ke

» Thehand, wish srmal] Fegh-tomue motors that move
the fingerm, & bang adapted foruse as an end effecor
fior explordive-h andiing robot. Barlier mbotsused o
defiur & D and min e ladosd the d esterity of ghe MPL
 izalkoo posdible dat beo-apab e vemiore oould be
devdioped for Gony-floormbots

» Mawerial resenndh for e M PL discovessd that grownd-
uy cason rano ubes mibed with oh er matesals
rmadoes fior 2 ypd mo pho bic ooafing {one #iat epels
water]. Engimesrs ane booking at ways o use thisnew
byiorid raserialito nea prosthescs sodoet iwhere
wiats ket of ghe patient’s Imb s in close prodmiby to
thepeoshetic). The theony is that the liming woold wick
saeat and molshune away from the s kin, Impeoving
Mo and msduding 5 kbn etathon
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the patients head ina where brain emiss ions are
decnded, algorithms applisd. and contral signals gener-
ated for the MPL. Pabients (including the first, 2 monkey]),
havebeen ahle to move the prosthebic up and doen, hadk
and forth, and grip and let go, all without meming a mms-
e, just by thought.

The problems with this method imeohee the elechndes
and gething the signals out of the body without needing
2 break in the skin. Such breaks, like portals nsed for di-
alysis, are anmameon sites for infections. Besear chers hope
0 snlve this latter challenge by iing wireless slactrnd e
and sending paowerin and getting ammpli fied s gnals out via
induction. The signals nesd to be amplifisad hecame un-
like the dactric fidds genemaied by fladng musd e, those
aated by active nerves @nnot be relidghly detected for
demnding outside the had

The second challenge might be more difficult to
mvercome: defending slactrodes against attack by the
body’s cormsive environment and its antibodies and
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st huers have

developed & silicon &
“glove The covering s

&bz o-oosmetic and can ba

mesde tol oo krealis tic But
rissanivers had tobe asrare

thait if they made the gloee
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