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OSU’S adaptlve suspension vehicle debuts

_Q""
Ohio State Umvers:ty s six-legged eground, making the introductions.
adaptive suspension vehicle, ASV, A product of two decades of re-
made its public debut Thursday in- search, the three-ton ASV is de-
side a campus laboratory with elec-  signed to move over ditches and
trical engineer Robert McGhee, Y0r-  other difficult terrain carrying an

operator and up to 12,000 pounds of
cargo. The research is being done
under a $5 million contract with the
Defense Advanced Research Pro-
jects Agency.



IME Ui O 1ALE LANITEMN. Wednesday, July 3, 1985 ]

Machine
steps out

By Regina Sodelka
Lantern staff writer

Researchers at Ohio State will
be busy during the upcoming
summer and autumn months
teaching their newest creation
how to walk.

The creation, the Adaptive
Suspension Vehicle, is a six-
legged walking machine, 17 feet
long, B feet wide and 10.5 feet
high. The three ton vehicle is
designed to travel over rough
terrain, including mountainous
and icy regions.

The next 18 months will be
devoted to testing the machine
and teachi it how to coor-
dinate movernent of its six legs.

The Defense Advanced
‘Research ‘Project Agency sp -
sored the research. So far the
project has received $5 million in
funding from contributors.
Robert B. McGhee, professor of
electrical engineering, and Ken-
neth J. Waldron, professor of
mechanical engineering, are the
principal investigators for the
project. More than half of the 60
team mermbers are students.

McGhee, who has been work-
ing on walking machine control
problems for 20 years, said
although this particular vehicle
was bullt as a research tool, it
does have potential uses,

Fifty percent of the land sur-
face in the world is not accessi-
ble to wheeled or tracked
vehicles. This type of vehlcle
could go where the other
vehicles could not, he said.

“The machine, made of
lightweight aluminum, is design-
ed to cruise at flve mph but is
capable of speeds up to elght
mph. It should be able to step

State ressarchers, s

technologles Important to the field of industrial

across nine-foot-wide ditches
and step over whlls 7 feet high,
McGhee sald at a press con-
ference Thursday.

Sixteen onboard computers in-
terpret information received
from three sources.

An optical radar systemn,
located at the front of the vehl-
cle, scans the terraln and
measures it. For example, if
there is an increase in"elevation,
the legs will be raised according-
1y, McGhee said.

The operator transimnits in-
formation to the computer in the
form of a Joystick, which is used
to steer the vehicle. The comr-
puters then translate the simple
movement of the joystick into
the complex operations required
to move the legs.

**The computer decides where
to put the feet and the operator
decldes where the body can go,”
McGhee said.

Sensors connected to each leg
also provide the computers with

infarmation

o iea®E o]
Veronica Allen/the Laniem
The Aggx&;&!!g&%guggqnslon Vehicle, created by Ohlo robotlcs. The vehicle has cost $5 million and has 16
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mploys a number of new compulers onboard fo recelve commands.

Waldron said *“the objective
(of the project) is to prove it is
technologically feasible to do
this.”

He sald when bullding the
vehicle they had to develop new
technology allowing them to ex-
plore a number of research
issues that could be applicable to
other areas such as industrial
robotics.

“It was a very lmportant pro-
Ject for allowing us to fulfill a
strongly needed educational

As a result of the project, 21
students completed their
masters thesls and- elght
students completed their doc-

&,
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Newsmakers

Walkin’, yes indeed

The development of the Adaptive
Suspension Vehicle (ASV) at Ohio State
has received world-wide attention. The
“walking machine" is designed to travel
over rough terrain that a wheeled vehicle
can't manage.

A New York Times article about the ASV
was reprinted in the Portland (Oregon)
Oregonian, and the International Herald
Tribune in Paris, France. Also, the story
was featured in articles in McClean's, a
Canadian newsmagazine, and the New
Scientist, a British publication.

Also, the Public Broadcasting System,
the British Broadcasting Corp. and AR,
the Italian television service, have asked
for video clips and information on the
walker to use in future shows.

In America, Science '85 magazine says,
"Compared to building the six-legged
Adaptive Suspension Vehicle, inventing
the wheel must have been a cinch. Sixty
Ohio State engineers and students
labored four years to build the ASV,
which has 16 computers to coordinate leg
movements.” -

The New York Times comments, ‘“...the
robot will walk as no machine has ever
walked before.

“As large as a dinosaur but with the
agility and balance of a crab or insect, it

will maneuver through forests, bogs and
desert sand, up and down steep hills,
across ditches up to nine feet wide and
over obstacles up to seven feet high.”

Robert B. McGhee, professor of electrical
engineering, engineering administration
and comuputer information and science,
and.Kenneth Waldron, professor of
mechanical engineering, have spent much
of their careers developing the ASV,
according to the Times.

Possible military uses prompted the U.S.
Defense Department’'s Defense Advanced
Research Projects Agency to fund much
of the $5 million needed to research the

‘walker. Another $3.5 million has been

committed to the project, according to
McClean’s magazine.

However, McGhee and Waldron told the
media that the research could lead to
walkers that can cross the Arctic tundra
and work in the interior of nuclear
reactors. Currently, the technology has
found important applications in prosthetic
limbs for human patients, the Times
notes.

The Ohio State team has begun
designing a more agile, four-legged
machine, McClean's reports. The smaller
machine would move at speeds up to 20
miles an hour. McGhee told the magazine
that in four years he expects to have
finished a machine that will prove the
viability of four-legged vehicles.
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OSU researchers tesi

By Mike Demana
Lantern staff writer

The weary sergeant tugged at his
helmet, trying to keep the torren-
tial rains out of his eyes. The hill his
squad had been ordered to hold was
a morass of mud, and.no ammuni-
tion trucks could get through. He
knew that if the squad didn’t
receive amununition soon, it would
have to retreat or surrender.

Suddenly, a shout from one of his
men made him whirl. Swearing in
disbelief, he watched as a strange,
insect-like machine strode up the
hill.

Its six, mud-spattered legs car-
ried it easily through places a truck
or tank would founder. Stenciled on
the outside of the machine’s wet
sides, the sergeant could see the in-
signia of his army. But more im-
portantly, he had a feeling that on
the inside would be the ammunition
his squad desperately needed. . .

This scenario could come true if a
four-year-old research project at
Ohio State proves successful in the
next few months.

The project, the Adaptive
Suspension Vehicle, is a six-legged,
mechanical walking machine
created to test the feasibility of a
vehicle that moves by legs, instead
of wheels or tracks.

The vehicle is expected to stand
up on its own this month, then takes
its first steps early next year, said
Kenneth Waldron, professor of
mechanical engineering.

Robert McGhee, professor of
electrical engineering, said the
chief advantage of a legged vehicle
over a wheeled or tracked one is
that it can adapt to the terrain,
rather than just trying to roll over
or around it.

Both Waldron and McGhee, co-
directors of the project, called the
experiment a ‘‘proof of concept’
vehicle.

““The vehicle should adapt to the
terrain in the same way you, I, or
an animal does,”” McGhee said.

We flex our knees and vary the
motion of our limbs-in a way that,
when we cross rough terrain, we
don’t experience the shock or vibra-
tion like a wheeled or tracked vehi-
cle does,’’ he said.

The more than $5 million funding
for the project has come solely
from the Defense Advanced
Research Projects Agency.
McGhee said the agency funds
research with potential, long-range
military applications.

William Isler, program manager
for robotic systems at the agency,
said the military is interested in a

legged vehicle because, ‘“‘army
studies show that 50 percent of the
earth’s land surface is off-limits to
the type of vehicles we have in the
service, now."”’

“Our goal is to demonstrate the
feasibility of using legged
(vehicles) in those environments,”
he said.

Isler said examples of terrain
that is impassable to wheeled or
tracked vehicles are very rocky or
muddy areas, or places with a lot of
ditches.

“These environments are impor-
tant to the military,’" he added.

“We have pictures of trucks

" stuck in mud up to their hubs,’ he

said. “But a legged vehicle could
essentially walk right through that
type of area.”

Waldron said OSU’'s vehicle
should be able to deal with the
above types of terrain.

He explained that the wvehicle
first takes a good ‘‘look’ at the ter-
rain it must cross. To do this, it
mounts a laser optical radar
system.

It uses and infrared beam to scan
the area, in front of it, which pro-
vides a model.of the terrain for an
onboard computer.

The computer, which is really 15
computers crammed together ina 2
foot by 4 foot box, is located behind
the driver’s cabin.

‘It reads the commands from the
driver, and the information from
the terrain scanner, then issues
commands to the legs,” Waldron
said.

The computer also has a safety
feature allowing it to disregard
commands from the driver that will
damage the machine, and to pick
the best path to go in the direction
the driver wants.

“BEach leg can move in three
directions,’ Waldron said. It can be
lifted up and down, moved for-
wards or backwards, and also
shifted closer to the vehicle’s body,.
or further away from it.

Waldron said this in and out mo-
tion can be used to crabwalk
sideways, or for turning and going
around curves.

The driver controls the vehicle
with a joystick.

As for crossing ditches, McGhee
explained that the wehicle first
measures the width with its optical
system.

“Then, (the computer) adjusts
the motion of each leg, making sure
it is lifted from the near side of the
ditch and placed on the far side,”
McGhee said. ‘

The vehicle is designed to be able
to cross ditches up to nine feet wide,
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McGhee said.

- One. limiting factor of the
machine is its speed. Waldron pro-
jects the maximumn speed will be
eight mph.

He explained that this is due to
the vehicle being a “‘statically
stable” machine. This means if its
motion were suddenly Erozen, it
would not fall, because it will
always have at least three legs on
the ground.

To go faster, the machine woulld
have to behave like a man or
animal instead of an insect, and
give up static stability. A running
man- or animal is not statically
stable, and would fall if their mo-
tion were frozen.

“This trotting or galloping would
require a completely different
machine,’’ Waldron said.
“IHowever we are researching non-
statically stable machines.”

Isler pointed out that eight mph
over rough terrain isn’t that bad.
“If you can go eight mph over ter-
rain that you can’t go over at all
now, it's still an advantage,”’ he
said.

“The side that gets the mobility
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to traverse this type of terrain first,

‘will have an advantage,” Isler said.

He said the military would pro-
bably use legged vehicles as an
alternative to trucks in rough ter-
rain, rather than actual attack
vehicles, like the Imperial Walkers,
in George Lucas' Star Wars.

“You can visualize (legged
vehicles) being used for
reconaissance, to transport people,
for route surveillance along roads,
and to carry ammunition,” Isler
said.

“They can be used for almost
anything trucks are used for right
now,” he said. _

Waldron agreed with the
possibility of OSU’s vehicle being
used in a truck’s role. ‘‘Basically,
it's a vehicle for carrying people
and loads,”’ he said.

However, McGhee saw other uses
for the vehicle.

«] speculate that (the military)
sees the vehicle as an alternative to
a helicopter,” McGhee said.

Although McGhee admitted the
vehicle is being researched for

military applications, he saw a.

wide range of possibilities for the

vehicle's use elsewhere.

“Wherever humans are sub-
jected to dangerous or tedious
work, we ought to try to substitute a
robot,’” he said.

“For example, the vehicle could
be used in firefighting, forestry,
underground mining, and in high
radiation areas,” McGhee sald.

Since the vehicle requires a
human driver, it is not technically a
robot.

However, Waldron said the
researchers here are working on
making the vehicle autonomous.

«yery little needs to be done to
make it operate autonomously,”
Waldron said. “We already have
software in;the computer capable
of moving the vehicle in a straight
line (without a human driver).”

Waldron said a series of
autonomous demonsirations are
planned for next year.

«Fssentially, we just put a
gyrecompass on the vehicle, and
tell it which direction to go,” he
said.

“The military is very interested
in autonornous operations,’’ he add-
ed. )

3.

In a news release by the
American Forces Press Service,
the military said *. . . the vehicle$
could bring a whole new light to’
battlefield strategy, and if the sameé’
technology were applied to aircraft:
and ships, it could alter war
altogether.” L

The release quotes Clinton W,
Kelly III, director of engineering
applications at the agency, as say-
ing, “Robots will offer ‘immunity
from stress and fatigue’. . .becaust
they will continne working hour
after hour, even under dangerous
circumstances, saving precious
manpower for other jobs.” ot

The 12 faculty researchers in the
mechanical engineering, electrical
engineering, and ~Ccomputer im
formation sciences departments:
submit quarterly reporis on the
project to the agency. 5

1f all goes well on the project it
the next few months, researchers
at Ohio State may one day change
the way the military moves.

Maybe one day some army pla”
toon will be singing ‘““Over hill, over
dale, as we hit the dusty trail, as th
insects go rolling along.”
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After 20 years of research, Robert McGhee
has something to talk about

iy
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Stories by David Lore

he Adaptive Suspension
Vehicle, one of the
strangest creatures in
the histary of techno-
logy, took its first step
inside a Kinnear Rd. laboratory Dec.
217. As big as an elephant with insect
legs and a computer brain, this 3-ton
hybrid machine is expected to move
cautiously out of its hangar-sized
cocoon this summer, tethered to an
overhead crane and under the
watchful eye of its creator, Robert B.
McGhee, an Ohio State University
professor of electrical engineering.

The New York Times has called
it “the embodiment of discoveries
that have significantly advanced the
field of robotics, computer control,
biology, anatomy and even medi-
cine.”

In the past year, it has garnered
OSU mare publicity than any devel-
opment since the firing of Woody
Hayes. Reporters, magazine writers
and film makers from as far away as
Australia, England, France and
West Germany have told us about
the walker’s workings, its unique
capabilities and its special promise
for the future. But what do we know
about McGhee, the creator?

0 D O

“I'm just an engineer,” said
McGhee, currently on a one-year
appointment as a visiting re-
searcher at the Naval Postgraduate
School in Monterey, Calif. “I don’t
know if you'll find anything inter-
esting in that.”

A brisk, no-nonsense researcher
and manager, McGhee has the repu-
tation, deserved or otherwise, of be-
ing something of a loner in the OSU
College of Engineering. It may just
be he's been too busy for lunch at the
Faculty Club. McGhee and his re-
search partner, mechanical engi-
neering Professor Kenneth Wal-
dron, supervise a 60-member techni-
cal staff working under a $1 million-
a-year federal contract.

McGhee credits his team for the
creation of the walker, saying such
projects today are too complex to be
anything but a group enterprise.
“The day of the individual inventor
is pretty much gone except for sim-
ple inventions,” he said.

Until recently, he vigorously
avoided publicity, viewing press
contacts as unwise and even unethi-
cal.

“GENERALLY SPEAKING, I
don’t think engineers should specu-
late about what they might do. They
should discuss only what they've
done. It's too easy to project science
fiction as engineering, and the dif-
ference is profound,” he said.

He returns telephone calls to
reporters now because, after more
than 20 years of research, his walk-
ing machine is a reality. “Now that
it's finished, I have something to
talk about.”

McGhee, 56, came to OSU in 1968
from California, where he worked
on missile guidance systems at the
Hughes Aircraft Co. while teaching
at the University of Southern Cali-
fornia.

He’s a Midwesterner by birth,
born in Detroit and raised in Mau-
mee near Tol‘edo. From the very

. beginning, McGhee said, he was fas-

cinated by biology and technology.
“By the time I was 6, I knew 1
wanted to be involved in science,” he
said. “I’ve always been interested in
machines and living creatures and .
the relationship between the two.”
It was in California in 1964, how-
ever, when a quarter horse named
Teddy got Mc%hee thinking about
building machines with limbs in-
stead of wheels or tracks. McGhee,
an engineer at Hughes at the time,
bought the animal as a 10th birth-
day gift for his daughter, Elizabeth.
“Having the animal around, I
became intensely interested in ani-
mal locomotion,” he said. “l was
terribly impressed how superior the
horse's locomotion was compared
with that of wheel and track vehi-
cles I had worked with in the mili-
tary. I photographed him often, stu-
died his gait and then applied what I
had learned about missile guidance
to this biological control system.”
Any engineer trying to replicate
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living organisms quickly learns that
man's most sophisticated techno-
logy is crude stuff compared with
t?e wonders of bone, nerve and mus-
cle.

THE WHEEL, for example, is a
mueh simpler locomotion system
than the leg in terms of construec-
tion, control and coordination,
McGhee said.

So why didn’t Mother Nature, in
the interest of economy, just put
wheels on cows?

“Biology doesn’t need to look for
the simplest way,” MecGhee said.
“Biology can look for the most effec-
tive way. Wheels evolved over a few
thousand years. But biology uses
different materials, and the time
scale of biological evolution is thou-
sands of times longer.”

Limbs are more effective because
they allow animals more “degrees of
freedom” in their movement, he
said.

Because each of the walking ma-
chine's six legs can move up and
down, forward and backward, right
and left, McGhee's machine has 18
degrees of freedom. By comparison,
the human body has several
hundred degrees of freedom because
the skeleton and muscles make it
extremely flexible, he said.

In the 1960s, McGhee hoped to
use electronics and mechanical
parts to fabricate new limbs for
amputees. But he quickly discovered
that the technology of that era

y, March 16, 1986

wasn't up to the task of simulating
the complex, forward-falling walk-
ing action of the biped.

“T realized the environment in
the knee would render this impracti-
cal — things such as human perspi-
ration, the shock of leg action,” he
said. Miniaturization also was a
problem because, although transis-
tors were coming into use, the mid-
1960s was still the era of the vacuum
tube.

In 1966, McGhee built a four-
legged “Phony Pony” artificial
horse, but it was found to be too
wobbly in its gait. Only a six-legged
vehicle based on an insect model
could possess the necessary stability
in motion.

MCGHEE SAID HE was not em-
ulating the insect as much as he was
putting a set of “training wheels” on
the four-limbed vehicle to provide
stability during rapid movement. If
anything, the mechanical walker
needed better brain and muscle co-
ordination than most insects, which
have rather primitive motor con-
trols.

“Insects trip a lot over their
legs,” he said. “They fall down a lot,
and it simply makes no difference
because they're so small.”

Even after vehicle stability was
achieved, the necessary brain power
to control and coordinate movement
was lacking. In early models, the
human operator’s brain was the con-
trol center, directing the hands and
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legs, which in turn controlled the
movement of the mechanical limbs.
The whole exercise was extremely
difficult and tiring for the operator,
limiting the practicality of the vehi-
cle.

The problem was overcome in
recent years by the development of
very powerful but small computers.
The current model, for example, is
controlled by a cerebral complex of
16 on-board computers. Limb move-
ment is based on directions from the
operator and environmental data
received from an optical radar in the
front of the machine and terrain
sensors in the foot pads.

After 20 years of reseafrch and $5
million to develop the Adaptive Su-
spension Vehicle, the work has
achieved only its first goal — the
development of a controllable
limbed vehicle, McGhee said.

The challenge now is to perfect
the control systems to make possible
a four-legged walking machine that
can operate independently in haz-
ardous or dangerous terrain without
the aid of a human operator.

“NOW I WANT to focus on the
brain of the beast instead of its
body,” he said. “I understand how to
put together an effective walking
machine, Now the question is how to
teach it to take its next step inde-
pendently.”

The 2lst century could be the
century of the walking vehicle,
MeGhee said. In areas as diverse as
arctic tundra, mountain forests,
ocean bottoms and even the craters

of distant planets, walking ma-
chines could explore and deliver
heavy loads across terrain where
wheeled or track vehicles would bog
down. Even now, for example, the
Adaptive Suspension Vehicle is de-
signed to climb a 7-foot embank-
ment or step across a 9-foot-wide
ditch.

There also has been interest in
using robot svalkers for hazardous
industrial duties, such as climbing
about the inside of a nuclear power
plant, he said.

SINCE 1980, military interest in
the project has revived. McGhee's
work is supported by the Defense
Advanced Research Projects Agen-
¢y on an unclassified basis. .

McGhee emphasized that his job
is to prove that such vehicles can
work in concept, rather than to de-
velop specific prototypes for actual
use.

But the ultimate challenge is to
successfully mesh metals and elec-
tronics with flesh and bone, McGhee
said. He hasn't worked on the devel-
opment of prosthetics since 1980,
but he’s encouraged by the suceesses
of other engineers and scientists.

“It's an extremely difficult prob-
lem,” he said. “It’s much easier to
build a walking machine that is fully
mechanical than it is to build an
integrated biological and mechani-
cal system.”

David Lore is a science reporter
for The Dispatch.
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Robert McGhee and his Adapti

OSU photo
e Suspension Vehicle. Dennis Pugh, a member of the design team, is at the controls.



Twice-Told Tales

Catching up on past stories

0SU Quest, Spring 1986/13
#

As this issue of Quest goes to press,
one of the most famous products of
Ohio State researchers is making
history.

The Adaptive Suspension Vehicle
(ASV) is set to take its first steps
outdoors this summer.

The 17-foot-long ASV is expected to
be the world’s most advanced
“walking machine.” Its six mechanical
legs will be able to cross nine-foot-
wide ditches and walk at about eight
miles per hour, It was created by
Robert McGhee, a professor of
electrical engineering at Ohio State; .
and Kenneth Waldron, a professor of
mechanical engineering; along with

some 60 other faculty, students, and
technicians.

The ASV was the subject of two
articles (Vol. 4, No. 4 and Vol. 7,

No. 4).

The project has come a long way
toward completion since the first story
in June 1982.

In that, we detailed how McGhee
tried to play host to a Soviet scientist
who specializes in the advanced
robotics that helped make the ASV
possible. But because of national
security concerns raised by the State
Department and chilly relations
between the U.S. and the Soviet
Union, that meeting never took place.

Despite that setback, the research
pushed on, and by last summer, the

" walker was unveiled to an eager and
very interested media.

Last fall, McGhee left Ohio State to_
take a temporary appointment at a
Navy postgraduate school in
Monterey, California.
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OSU walking machine’s

By David Lore
Dispatch. Science Reporter

The ereator of Ohio State Universi- .

ty’s unique, 3-ton walking machine has

<‘taken a-walk himself, accepting a new

‘job'in‘Monterey, Calif. /
Robert B. McGhee, an OSU electrical
‘engineer who hasbeen working on walk-
~ing mechanical vehicles for the military
since the 1960s, is taking early retire-

" “ment'to stay at the Naval Postgraduate
*i School in Monterey. He has been a visit-
¥ ing professor there since last September.

¢ - McGhee’s machine, however, will,
+ ‘gtay at OSU because the university hasa

31 million-a-year contract with the De-

fense Advanced Research Projects
Agency for its development.

Vehicle testing has reached the point
where outdoor trials are planned this
fall without a safety tether on the walk-
er, OSU spokesman Earle Holland said.

McGhee’s machine is called the adap-
tive suspension vehicle. It is an elephan-
tine structure of aluminum, 17 feet long

‘and 10 feet high. It moves moves for-

ward, backward and sideways on six
legs. The vehicle has an on-board human
operator and a computer control system

- that" coordinates “leg - movements and
.processes information from optical ra-

dars and pressure sensors in the feet.

The walking machine is part of the
research agency’s larger effort to devel-

~ op legged vehicles capable of moving

across terrain where wheeled or track
vehicles cannot operate.

McGhee’s OSU research partner, me-
chanical engineer Robert Waldron, will
take over as project director despite the
fact that Waldron is on leave this year
from OSU to work at Stanford Universi-

. ty in California:

William Isler, project manager for
vehicle systems at the defense research

- agency, said: McGhee will continue to

work with the team as a researcher
under a separate $100,000 agency con-
tract. - 3 ;
. Since 1981, the U.S. Defense Depart-.
ment has spent approximately -$6 mil-
lion on the computer-assisted, six-legged

vehicle after tests of cruder, four-legged

creator takes hike

walking machines proved disappointing.

Over the past year, the walking ma-
chine has prowled about inside its Kin-
near Rd. research laboratory with an
operator in the cab. With a safety tether
attached to an overhead crane, the vehi-
cle has been tested forits ability to carry

“loads, coordinate movement of its feet

and maneuver in close quarters.

Isler said no decision has been made
about what to do with the walker after
‘this fall's tests. McGhee said last spring,
however, that his research is focused on
improving computer systems so walking
machines can move without a human
operator on board.

The 21st century will see walking
machines operating in environments

such as arctic tundra, forests, the ocean
bottoms, the interior of nuclear reactors
and the surface of other planets,
McGhee predicted:

“QObviously, we're sorry to see Dr.
McGhee leave OSU. But he’s still part of
the team, and we hope everything will _
move ahead as usual,” said Hsien Ko,
chairman of the electrical engineering

department.

~ McGhee’s departureisnota surprise.
He had reportedly told several OSU
colleagues earlier this year he planned
to stay in Monterey.

McGhee earned advanced engineer-

ing degrees and worked in California
‘between 1955 and 1968.
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Suspension vehicle takes first steps

By Traci L. Cooke
Lantern staff writer

After five years of research, the |
Adaptive Suspension Vehicle took its
first steps for the public Wednesday -
in front of a group of engineers and
spectators from across the nation.

Vincent J. Vohnout, vice president
of Mechanical Systems for Adaptive
Machine Technologies, a subcontrac-
tor of the project, said this was the
first public demonstration of the se-
ven thousand two hundred-pound
vehicle.

The vehicle, which has been under
construction since 1981, has six legs,
and 17 computers. The vehicle can
also be maneuvered in six directions
by a joystick, Vohnout said.

The demonstration was part of the
1986 Design Technology Conference
sponsored by The American Society
Of Mechanical Engineers.

The concept for the vehicle was
based on a four-legged vehicle built
by Robert McGhee, professor of elec-
trical engineering. McGhee, who re-
tired from Ohio State last month,
and his colleague Kenneth Waldron,
a professor of mechanical engineer-
ing, started work on the six-legged
vehicle in 1981.

Vohnout said although other
walking machines have previously
been developed, this vehicle is the
most effective. The joystick enables it
to be more easily maneuvered than
vehicles in the past.

“Patents have been around on
walking machines since 1890 in the
United States and Europe, but this is
the first that works and is practical,”
Vohnout said.

e

The Adaptive Suspension Vehicle File photo
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NEWS ADVISORY

~Engineering researchers at Ohio State University will show off
a giant six-legged walking machine at a special demonstration for
the news media on Thursday (11/13) at 10:30 a.m. EST.

The "Walker," as it has been dubbed, is a 17-foot long,
nine-foot high off-road vehicle designed to walk, rather than roll
across rough terrain. Formally named the Adaptive Suspension
Vehicle (ASV), the Walker is the product of six years and $8
million of research.

Supported by the Defense Advanced Research Projects Agéency,
the research and development wing of the Department of Defense,
the new vehicle is designed to travel in areas where wheeled and

tracked vehicles cannot go. It is capable of stepping over seven-
foot high embankments or walls and stepping across nine-foot wide
ditches.

The'demonstration will be held behind the Building Materials
Laboratory at the rear of the Ohlio State Un1versxty Research
T~ Foundation, 1314 Kinnear Road, Columbus. '

Reporters planning to attend this demonstration should contact

Earle Holland, Office of University Communications, 1125 Kinnear
Road, Columbus, Ohio 43212; telephone (614) 292-2711.

UNIVERSITY COMMUNICATIONS.
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Legged vehicle
'stops in tracks
! because of cold

By Pat O’Bryan
Lantern stalf writer

Cold weather literally froze Ohio State's
six-legged walking machine in 1ts tracks
yesterday at an outdoor exhibition to demons-
trate the vehicle's mobility.

At first, it looked as if the cold weather
would have no effect on the 17-foot all-terrain
vehicle. It reared up on its six legs, stretching
back and forth like some kind of metallic
centipede warming up for a foot race.

But a computer foul-up temporarily immo-
bilized the vehicle and the freezing winds
behind the University Research Foundation, on
Kinnear Road, turned the vehicle's hydraulic
system into what one technician called “syr-
up.”
Vincent Vohnout, vice president of Adaptive
Machine Technologies — the company sub-
contracted by the university to help develop
the vehicle, said the thickened hydraulic fluid
caused massive amounts of power to be sucked
out of the system when the vehicle attempted
to move,

Dennis Pugh (left), vice president for control systems for Adaptive Machine Technologies, discusses a malfunction of SRS L
the control panel with Vincent J. Vohnout, vice president of mechanical systems for the company. See Page 2, VEHICLE
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VEHICLE- Cold weather stifles walk

Continued from Pape One

Vohnout said he did not know
why the vehicle's computers were
not operating correctly, but spe-
culated the malfunction may have
been caused by cold weather.

Vohnout said the vehicle is an
experimental project designed to
show it is technically possible to
build such a machine. It is not
the prototype for some mass-
produced product. “I{ was never
intended to be operated in these

conditions,” he said, “We've never
run it this cold.”

The Department of Defense has
provided nearly $8 million to the
university over the past six years
to develop the vehicle.

William Isler, program manager
of the Defense Advanced Research
Projects Agency, which supports
the project, said the vehicle is the
most advanced project in walking
machine technology today.

Sixteen single-board ¢omputers,
each with the equivalent power of

an IBM.PC, run the vehicle and
allow it to keep its own balance.
Together with an optical radar
system, the computers also allow
the vehicle to decide where to put
its feet. The operator uses a

joystick to tell the vehicle where .

to go.

The vehicle is powered by a 70
horsepower motorcycle engine
which provides all of the vehicle's
mechanical and electrical energy.
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wouldn’t budge. Cold weather was blamed
for the machine’s lack of locomotion. De-

tails on Page 4 D.
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OSU’s walker wouldn’t
special demonstration for the news media,

yesterday. Driver Dennis Pugh revved the
engine, but the 17-foot-long apparatus

Ohio State University’s $8 million walking
machine sits on its haunches as researchers
try to figure out what went wrong at a
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alking machine gets

cold feet during debut

By Mary Carmen Cupito
Dispateh Staff Raportoer

With dozens of reporters and television ca-
meras watching, Ohio State University’'s $8 mil
lion, 10-foot-tall walking machine was supposec
to take its maiden steps in public yesterdaj
morning.

It cooperated — for a while,

The six-legged machine, which looks like pari
bug, part farm machmery, stood up. Its giant
jointed legs bent forward, then back. It leaned tc
its left. It leaned to its right. It did a couple of deef
knee bends. Its nose rocked toward the ground; it:
rear did the same.

Just when it looked all warmed up, it stopped.

THE DRIVER revved the engine. The walking
machine shivered. The driver revved again. It sat
down.

“Sometimes,” sald Kenneth J. Waldron, prin-
cipal investigator for the project, “things g¢
wrong.”

What went wrong, researchers said, was the
weather.

It was a frigid morning with the thermometer
reading about 22 degrees, but the wind-chill
factor made it feel more like 4.

The oil flowing in the walking machine’s
hydranlic veins apparently couldn’t stand the
cold. The oil apparently “turned into Karo syrup,”
said Vincent J. Vohnout, vice president of me-
chanical systems for Adaptive Machine Technol-
ogies, a spinoff company developing the walker
with O3U.

The walker’s 16 on-board computers also shud-
dered at the temperature and didn’t work proper-
ly. 8till, the machine walked perfectly in a private
practice run the night before in equally cold
weather, Vohnout said.

“It's not just the cold,” he said. “Something is
going on there we don’t understand.”

THE DEMONSTRATION began at 10:40 a.m.
behind a research building at OSU. It ended about
11:40, when the partly frozen researchers finally
admitted their baby wasn't going to walk, no
matter who was watching.

Its technical name is the Adaptive Suspension
Vehicle. Funded by the Defense Advanced Re-
search Projects Agency, the machine was devel-

Photo on Page | A

oped in the past six years by more than 60 people,
led by electrical engineer Robert McGhee.

In September, McGhee retired from OSU and
tock a job at the Naval Postgraduate School in
Monterey, Calif. But he is still involved with the
project, and he came to Columbus yesterday to
watch.

The machine is designed to step over 8-foot-
wide ditches and climb 6-foot embankments. It is
supposed to walk at 5 to 8 mph.

McGhee has predicted that its successors,
which won't need human operators, will work on
the ocean floor, the arctic tundra, the inside of
nuclear reactors. The Defense Department hopes
they can go where tanks and other military
vehicles can't.

BUT THIS machine, MeGhee said, is so experi-
mental that it is “not even a prototype” of future
walkers.

“The erucial point, really, was when it stood up
last December,” McGhee said, comparing it to a
baby learning to balance itseif before it takes its
first step.

At first, a human operator had to mechanical-
ly direct each leg to make the machine walk.
Later, computers took over that task, and the
driver merely indicated which direction the ma-
chine should go.

{t has been walking — tethered to an overhead
rope, just in case — since December 1985. Since
Oct. 8, McGhee said, it has walked tether-free.

BUT NOT YESTERDAY. All researchers
could do was show a videotape of how it had
performed the night before on the same parking
lot, with snow flurries whistling past its alumi-
num legs.

It moved in a surprisingly graceful, fluid
motion, its legs rolling forward and back. It glided
to the end of the parking lot. It lifted its rear legs,
placed them to its side and turned itself around.

Flawlessly.

Waldren said the publie will have to wait,
maybe until the spring thaw, {or a repeat per-
formance.




RESEARCH FOCUSES ON

By Steve Benowitz, University Communications

Two of Ohio State's major research
projects continued to make headlines.

The University of Chicago became
the newest partner in a $60 million project
to build the world's largest optical-infrared
telescope. Chicago joins Ohio State and
the University of Arizona in the effort.

The Columbus Project involves the
construction of a huge 11.3-meter (38-foot)
reflecting telescope atop Mount Graham in
southeast Arizona.

When completed in 1992, the “‘two
shooter,"” as it is called, will be sensitive
enough to detect the light from a burning
candle at twice the distance to the moon—
500,000 miles—or see a penny more than
500 miles away. It will be the world's most
powerful telescope.

Current plans are for a telescope
with two separate eight-meter (26-foot)
mirrors mounted side-by-side and functioning
like a giant pair of binoculars.

Each of the two mirror assemblies
also could be used separately to allow
astronomers to observe the same object
differently at the same time.

The mirrors will be made with a unique
manufacturing method called "'spin-casting.”
The telescope mount and housing also will
be radically new in design.

Astronomers will be able to remotely
control the telescope from their respective
campuses. :
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Ohio State’s Adaptive Suspension Vehicle can move in several directions.
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Optical infrared telescope will be able to detect candlelight at 500,000 miles.

({lllustration by Jim Stephenson)

The twin-mirror design should be five
times as powerful as the five-meter Hale
telescope in California and nearly four times

(Photo by Kevin Fitzsimons)

as powerful as the six-meter Soviet telescope,
currently the world's largest.

Meanwhile, with feet firmly planted
onthe ground, the University’s unigue, 3-ton
walking machine took its first, tentative —
and untethered—steps earlier this month
as engineers led it on a leisurely stroll near
its Kinnear Road home.

Much of the public interest in the
Adaptive Suspension Vehicle, known as the
“Walker," has rested in its potential as a
military vehicle, largely because funding for
the project —approximately $8 million since
1981 —has come mostly from the Defense
Advanced Research Projects Agency in
the Department of Defense.

The walking machine is part of the
research agency's larger effort to develop
legged vehicles capable of moving across
terrain where wheeled or track vehicles
cannot operate.

The six-legged, insect-like machine
is 17 feet long and 10 feet high. Each of the
seven-foot-high legs can move forward,
backward and sideways. The vehicle has
an on-board human operator and acomputer
control system that coordinates leg move-
ments and processes information from an
optical radar system.

October 25, 1986

THE OFFICIAL OHIO STATE FOOTBALL PROGRAM
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The Adaptive Suspension Vehicle on a test run
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OSU's walking machine is strutting its stuff again

By David Lore

Dispatch Science Reportar
t is a shy beast, keeping to the back fields
where the tall weeds grow, crouching on pow
erful haunches to play dead when strangers
come to stare.

But on a sunny day, when the oil is warm
and the electronies crisp, Ohio State Univer-
sity’s walking machine friskily rambles the
fields of the West Campus, its six massive

legs smoothly stroking the ground like so many
0ars In a stream.

It is the Adaptive Suspension Vehicle, or ASV,
a 3'%-ton walking machine with a 50-horsepower
motorcycle engine that steps out at a gentle but
deliberate gait of 2 to 3 mph.

The brainchild of former OSU engineer Robert
B. McGhee, the walking machine is part of a
long-range Pentagon experiment on the potential
of walking vehicles to overcome difficult battle-
field terrain.

McGhee originally patterned the machine af-
ter a horse, Assembled, however, the machine's
long body and powerful limbs give it more the ap-
pearance of a robotic grasshopper: a creature that

It has the appearance of a
robotic grasshopper: a creature
that seems to have lumbered
out of prehistory to be re-
eéngineered for the future.

seems to have lumbered out of prehistory to be
re-engineered for the future.

The ASV is cantrolled by a human pilot and
16 on-board computers. The computers have their
own sensory devices, “feeling” the ground
through pressure sensors in the foot pads and
spotting objects up to 35 feet away through the
forward-looking laser scanning device.

The laser scanner is a particularly tricky picce
of new technology. It plots the machine’s path in
6-inch-square bites, making a continuous map of
objects and ground features in front, under and
hehind.

When the machine moves, it takes 50-inch
steps, alternating kicks to maintain three-legged
tripod stability at all times. The 7-foot limbs are

made of welded aluminum. Jointed at the hip,
they move in an almost delicate gait, incongruous
for a mechanical brute weighing 7,200 pounds.

Too big for the laboratory, the ASV since last
winter has been put out to pasture.

But project engineers hope it is not a case of
early retirement. After $8 million and 6 years in
development, the machine is hitting its stride,
nearly recovered from the embarrassment of its
aborted public “walk-out” last November.
Shocked by chill air and hot lights, the machine
that day refused to perform, only briefly shaking
its giant limbs before settling back dead on its
haunches, the victim of a power connector failure,

Its performance has improved over the inter-
vening 10 months, but project engineer Kenneth
J. Waldron still has to make excuses now and
then for the walker's balky personality.

“There's an old saying,” Waldron explained
during one robotie temper tantrum, “that the
probability of failure is directly proportional to
the number of cameras pointed at this machine.”

But when the walker goes out for its exercise,

Please see WALKER next page




it's hard to avoid a crowd.

The test site was moved well
pack from Kenny Rd. after motor-
ists began pulling over to gawk. It
has been invited to various par-
ades and science fairs, but all such
appearances have been refused. A
British television station was al-
lowed to film a documentary, how-
ever, and film crews from Italy,
West Cermany and France are
still pressing. In certain engineer-
ing and technology circles, it
seems, the walking machine is
more af a symbol of Ohio State
than the horseshoe stadium and
the buckeye nut.

Yet, the walker is treading on
pins and needles these days be-
cause of uncertainty about future
funding from DARPA, the De-
fense Advanced Research Projects
Agency.

The project’s 3-year contract
has lapsed, so current tesis are
being carried out under a 3-month
extension.

“WE'RE QUITE optimistic,”
Waldron said. “We think we'll be
doing something, but we don't
Lknow exactly what,”

If DARFPA drops the project, it
will be difficult to find a new
sponsor, The walker, after all, is
not a prototype for any line of
military or industrial vehicles. It
is simply a “proof-of-concept”
machine that demonstrates that
ceriain mechanical and control

systems are possible. Since one,

doesn't. shoot metal horses, “we'd
sent it to a museum, I suppose,”
Waldron said.

Waldron and Vincent J. Voh-
nout, the machine’s chief opera-
tor, think there's a lot more to
learn from the ASV and walking
vehicles like it.

The machine has successfully
negotiated mud, snow and rela-
tively gentle prades during its
prowls this year about the West
Campus.

In recent tests, for example,

2 D/The Columbus Dispatch/Sunday, Sept. 20, 19587

The walker makes its way through field near OSU

the walker has pulled a 2,000-
pound sled without any heavy
breathing. But Vohnout believes
that. with improved computer in-

‘stramentation, it should be capa-

ble of pulling loads of 10,600
pounds or more as well as on-
bourd ecargoes of A00 pounds or
more.

THE MACHINE'S computer
software has been under constant
refinement. The laser scanner, for
example, has heen particularly
troublesome. In addition, Wal-
dren would like to see how the
machine handles tougher chal-
lengres, such as steep hills, serious
obstacles and heavier tow leads.

“Rach leg is capable of lifting
4,000 to 5000 pounds and the
whole vehiele is aver 7,000 pounds,
so pavload is not much of a prob-
lem.” Waldron said.

In the case of heavy tow loads,
the ASV's operater can simply
switeh to a different gait, pulling
with four legs and then resting

ATRIL)

with twa, or even “lurching” for-
ward one pace with all six legs.

ASV, however, is a machine
and walks like one. It doesn’t work
Like a4 human or animal, Waldron
points out.

“We'd like funding for a sec-
ond-generation machine; one that
is faster and more apile,” he said.
“This one is stable like a chair, in
that it won't fall over, rather than
being like an animal, which moves
by falling and catehing itsell.”

Vohnout rides in a cab ai the
head of the machine, controlling
the direction of travel and moni-
toring the vehicle's basie systems,
while the computers control gait,
speed and balance.

“IT'S QUITE casy to drive”
Waldron said. “It's simpler to
learn than learning how todrive a
car.”

For the future, DARPA’s pri-
ority is developing vebicles that
function without xn on-board op-
erator, either autonomously or by
remote control.

Dispatch photo by Deral Chenoweth [t

Such robots work better on ,
jegs than on wheels or tracks,
Waldron said, because walking
machines are less likely to get
stuck or be stopped by obstacles in
their path.

Men have been trying 1o build
walking machines for more than a
century, but Waldron says O8U is
the first to unleash the beast.

“We've done what we set oui to
de, which is, prove you can build a
machine of useful scale and devel-
ap ail the necessary software to
run it on irregular terrain,” he
said.

“Refore we started this pro-
ject, there were a lot of laboratory
machines running around on level
floors. But in terms of something
to carry a substantial load over
ureven terrain, this is the first.”

NO PATENTS have been

sought or issued on the ASV or its
systems, and its creators say they
have only the haziest idea about
the commercial future for me-
chanieal walkers.

Although the work has been
funded by the military, Waldron
and Vohnout think it could be
more useful on the planting field
rather than the battlefield.

ASV moves well in even deep
mud, and someday it might allow
farmers to worry soft dirt without
rutting the soil or getting stuck.

“It’s remarkably gentle with

the terrain,” Waldron said. “In
the weeds, you can hardly tell
where it's been, although it does
leave footprints.”

The legacy of the Ohio State
walking machine could, however,
be fields quite removed f{rom
transportation. It already has
provided important information,
for example, on how to design
artificial knees and limbs.

“Even if walking machines are

a blind alley,” Waldron said,
“there have been lots of lessons
jearned which can be used for
other things, particularly in the
area of robotics.”

VOHNOUT THINKS it is too
early to predict the future of this
technology.

DARPA's primary interest, he
said, is the development of auton-
omous vehicles — whether they be
wheeled, tracked or legged.

“In 10 years, we could develoj
a machine that is field-deployabls
and at least semiautonomous,’
Vohnout said. “And we're no
talking about having to solve ‘Sta:
Wars’ kinds of problems.

“We're sort of at the sam
point that the Wright Brother
were at,” he said. “How did the
assess the demand for the flyin
machine before anybedy bha
flown? We don't know exactl
what optiens, what tasks, ther
are for the machine.”
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}uo State Umver51ty S hxgh
¥ technology metal walking ma-

“We've become famous. for

.- scrounging parts from people’s ,
* trash,” says Vincent J.. Vohnout,:
vice president for mechanical sys--
“tems of Adaptivé Machine Technol- -
“ofles Inc. “It's turned out to be quite
* a bargain for the government.” -

Adaptive Machine, 1224 Kinnear

“Rd., is a research and development
.company organized in 1983 to act as

a subcontractor to OSU on the
Adaptive Suspension Vehicle pro-
ject, because OSU was poorly organ-.
ized for such hardware develop-
ment.

“A UNIVERSITY is a difficult
place for a project like this because
of the bureaucracy and the civil
service strueture,” Vohnout said.
“It's very dlffxcult for a un:vers:ty to
be adaptive”

Vohnout became involved in the
project as a graduate student in
mechanical engineering at 0SU. His
partners at Adaptive Machine are
two former OSU graduate students
in electrical engineering: Dennis
Pugh, vice president for control sys-
tems, and Eric Ribble, vice president
for computer systems. The company,
with offices in the OSU Research
Park, has about a dozen employees.

Adaptwe Machme was given a
large university garage on Kinnear
Ed. to build the machine. The pro-
ject’s relatively small $1 million-a-
year budget, however, didn't allow
the new company to shop in the
same cireles as do the major defense
contractors.

Machine tools, materizls and

o " chine evolved from the scra .
. pheaps of Columbus.

“contractor, he said, would normaily

support vehicles were assembledf-',
from surplus and serap being -dis-.
posed of by OSU and the U.8. De-

fense Construction Supply Center. A

.example, now takes the 7,200-pound

computer support trailer, bought

used for about $2,000, Vohnout said.

“THIS ISN'T the way things are
normally done in the aerospace in-
dustry,” he said. A major defense

spend more on just the computer
trailer than Adaptive Machine has
spent on the entire ASV project.

Although the company organ-
ized around the walking machine,
it's no longer totally dependent on
that project, Vohnout said. -

The company has a $500,000 con-
tract from the Defense Advanced
Research Projects Agency to devel-
op a robotic manipulator arm for
vehicles such as the walkmg ma-
chine. Additional money is being
sought from the National Aeronau-
tics and Space Administration to
perfect computer controls for sucha
manipulator.

“We have enough now to keep
going even without the ASV,” Voh-
nout said. “We're in the black. We re
not making a lot of money, but we 're

making ends meet and we're

scrounging for new contracts.”

There is some commercial inter-
est in the technology coming out of
Adaptive Machine. But Vohnout
said U.S. industry is usually too
impatient to support such long-
range developmental work.

“We had a call from somebody in
Chicago who wanted to use the

walking machine out for its exercise. -
.“Another element of the convoy is the -

. one-time Air Force fire truck, for:@ -

Vmcent Vohnout at the controls

“A university is a
difficult place for a
project like this
because of the
bureaucracy and the
civil serv1ce
structure.”

walking machine to build a pipeline
across a muddy section of Africa,
But this is not a shelf item, and
that's the problem you have with
industry, and that’'s why the Japa-
nese are kicking our butt,” he said,
“For the Japanese, a 10-year devel-
opment period is not-a problem, but
in the U 5., 6 months can be a’
problem.”

ADAPTIVE MACHINE'S niche,
he said, is to build and test experi-
mental machines and robets in sup-

Dlspatch photo by Doral Chenoweth T

port of university engineering pro-
jects.
‘There is tremendous mterest in

. military circles, he said, in develop-
‘ing autonomous battlefield ma-

chines that can operate in chemical
or high-radiation environments —
warfare that would stop human sol-
diers. :

Adaptive Machme, in fact, is-
part of a larger university group
bidding for an Air Force contract to
develop automated runway repair
equipment that could patch up the
runway or perform damage control
missions under fire, he said.

It’s also a matter of economics,
he said. “The most expensive equip-
ment out there on the battlefield is
your standard GL" . :

On the basis of the walking ma-
chine project, Vohnout is convinced
that machines can follow in man's
footsteps.

“I think we could build a tree-
elimbing robot if somebody wanted
to pay for.it,” he said.
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. SU’ S waﬂier

now in fast lane -

By David Lore
Dispolch Sciance Roporter

The Pentagon warits The Ohio State
University’s next * waikmg machine to
hop, skip and jump.

Engineers on the pro;ect have been
notified by the Defense- Advanced Re-
search Projects Agency that they have
at least 31 million to begin work on an
advanced system that would be more
aglle than the exlstlng mechaniecal walk-
er.

That model, the 3.5-ton adaptive su-
spensmn vehlcie must have at least
three of its six legs on ground to
malntaln its stablhty

) NOW THE defense agency wants to
explore the possibility of a mechaniéal
walker that can keep its balance in a
gait that puts all —. or almost all — its
_ legs in the air at the same time.

“The goal will be being able to handle .

the flight phases when there’s no legs on
the ground, or maybe only one,” Vincent
R. Véhnout said.

‘Vohnout is chief operator for the
walker and vice president of Adaptive
Machine Technologies,” 1224 Kinnear

Rd., which is developing the technology

under an OSU subcontract.

The walking machine was developed
over two decades by former OSU electri-
cal engineer Robert B. McGhee as part
of a program, funded by the Pentagon,
to develop walkers that can cross terrain
ilinpaSsable to wheeled and tracked vehi-
cles.

Funding for-the walker ran out Oct.
1, but Vohnout said the defense agency
agreed this'month to allow OSU to begin

o d L -

a new three-year program, sub;ect to-
yearly reviews, Spending will be slightly
more than $1 million the first year and
could reach $4.2 million over three
years, he said. .

McGhee, now on_the faculty of- the
Naval Postgraduate School in Monterey,
Calif., will continue his involvement? ps a_
subeontractor on the project.

The new machine will not be pranc-.
ing about the campus any time, soon,
Vohnout said. L

It will take three years to come.up
with the general design and spegifica-
tions for the new machine using the.
existing walker as a test vehicle, he said.

Vohnout said six-legged insects are
not stable when more than three legs.
are off the ground, although they can
recover their balance quickly.

“NATURE WENT for snc legs ‘and
then to. quadrupeds, but we're not con-

strained to follow the evolutionary path

of nature,” he said.
It has not been decided whether the
new walker will have four or six’legs.
“I'm dying to build a biped bheéause
they're neat and Iots of fun, but qobody
is listening to me,” Vohnout said-
Neither has it been decided whether
the new machine — like the existing one
— will have an on-board operator or
whether it will be remote controlled:”
The OSU walking machine, as wellws
an earlier six-legged model, will be on
display Tuesday and Wednesday at the
Ohio Center at a conference of the
Institute of Electrical and Eleétronic
Engineers and the Instrument Sodxefy
of America.

T

PR
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Steps readied to market
OSU’s walkmg machine

By David Lore ;
Dispatch Science Reporter
The builders of Ohio State Umverm-
“ty's walking machine might take their
creation on the road to .generate com-
mercial interest.

The walker is a: sxx-legged 35-ton -

“adaptive suspension vehicle” developed
for the Pentagon.

IT IS AN agile ‘machine: that can
move through, or over, obstacles such as

mud, trenches or barriers that would -

_stop. wheeled or ‘tracked vehicles.’ The

principal investigator at OSU is engi-

.neering professor Kenneth J.-Waldron.

- Adaptive Machine Technologies,
1224 Kinnear Rd., is developing the
walking machine under a subcontract.

Vincent R. Vohnout, president of the’

company, said the or:gmal backer, the

U.S. Defense Advanced Research Pro-.
‘jects Agency, appears to be losing inter--

est in the project, although it is still
under a defense contract. This is forcing

the developers to look harder for indus-

. trlal applications.

~After years of research and develop-
ment, Vohnout said, the machine is
ready for commerc:ahzat.lon

He said it could be used as a cargo
carrier in logging, construction or min-
ing, or as a nimble robot in hazardous
environments.

“THE PROBLEM is that the tech-
nology is so far from what is accepted

normally,” said Vohnout. “It’s so bizarre’

looking to them (businessmen), that
even when you show them the practical-

ity and the potent:al they basically

don’t believe you.’
Selling the machine brmgs problems

. similar to those faced by the anht

-brothers.

““The Wright brothers couldn’t dem-
onstrate the full potential of the air-

.plane, so early aviation had to make its

money barnstorming, doing demonstra-
tions,” he said.  :
“We find that most of our calls are
people wanting us to do just that.”
Vohnout said public interest in the

" mechanical walker remains high. Adap-

tive Technologies is asked frequently to
demonstrate the machine at robotics
and electronics conventions, and foreign

" film and television crews are frequent
_visitors to the Kinnear Road laboratory.

The question now, said Vohnout, is
whether Adaptive Technologies should
start accepting more such offers to get
the technology before the public.

“We were very reluctant to do it, but
now, the machine is behaving so well
we're getting more confident with it.”

The walker will be working out on
the agricultural fields on campus near

. Kenny Road next month. .

OVER THE winter, the machme was
outfitted with a more powerful comput-
er which allows it to climb over large
obstacles. With its old computer, the on-
board operator had to help out.

In a company magazine this month,
Hitachi Ltd. of Japan boasts about its
work on a four-legged walking machine
the company is developing for the Japa-
nese government to patrol the inside of
nuclear power stations.

“We think our technology is ready,
but if you look at Hitachi, that's still a
laboratory device,” said Vohnout.

“As far as we can tell, we have the
only practical, self-contained system.”
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.. INSTEP — COSI will welcome
its new roboties exhibit with a
‘home-grown mechanical marvel.

The six-legged Adaptive Sus-

“ pension Vehicle developed by The
Ohio: State University will be
clomping around at the Center of

. Seience and Industry on Saturday.

Broad . Street will be blocked
off in front of the building from 11
to 1 for the free demonstration.
The ASV will remain at COSI
through the weekend.
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Engineer Kenncth Waldron with The Ohio State University’s watking machine

Out Of Space Race

Rejected by NASA, OSU puts walking machune io use on Earth

By Durid Lore
Dispatch Special Projects Editor

fter two decades and 39 million
worth of development, The Ohio
State University's pace-setting
waiking machine doesnt have the “right
stuff” for space. A s
Instead, the robotic apace race seems
to be between “The Ambler,” a six-
tegped walker developed by Carnegle
Melton University in Pittsburgh, and
“Robby," a six-wheeled slinky out of the
éﬁtﬁi}?mpulsion Laboratory in Pasadena,

Both vehicles, us well as several other
wheeled and walking machines, are be.
ing prepared by NASA for reconnais-
sance and other missions on the moon
and, eventually, Mars, .. -

Meanwhile, 0SIF's adaptive suspen-
sion vehicle, ar ASV, is getting ready for
u quite different environment: a logging
eamp in the forests of Virginia.

1n it tost being organized by foresters
at the Virginia Polytechnic Institute, the
OSU walker will be rated on its ability to
climb slopes, move acress wet terrain,
maneuver in close quarters and carry
logs witheut damaging the soil.

“Basically, we believe there are com.
mercial applications in the forestry in-
dustry, and this set of trials will be to
demonstrate that potential” said Ken-
neth J, Waldron, the OSU engineer wha
is principul investigator on the praject.

The walker evelved out of research
begun by former OSU engineer Robert
B. McGhee in the late 1060s with Penta-
gon financing. The Defense Advanced
Research Projects Agency wanted a
wugh, agile bawlefield transport that
could climb over or around barriers that
would stop wheeled er track vehicles,

Military funding ended last October,
and OBU backers had to look for other
applications.

Vincent Vohnout is vice president of

B

Robby, the Jet Propulsion Laboratory's rover project

Adaptive Machine Technologies Ing,
1218 Kinnear Rd., a small engineering
firm whiech has the walker’s maintenance
and development contract with OSU.

Vohnout said he attended a Jet Pro-
pulsion - Laboratery workshop several
years ago, hoping. to interest NASA
officials in using Q5U’s Lechnological
head start 1o build a modified walker for
planetary exploration,

“Everybody was there — ali the big
guys," Vohnout safd, Space agency offi-
cials were not-receptive.

“They reaily don't speak very direct-

ly,"” he reculied. YBut what they indicated
was that somebody our size would not
reully be considered for something of
that magnitule.”

it was u political rather than a techni-
cal process, Vohnout contends.

“T'o get that kind of money oul of
NASA, you need to lobhy pretty heavily
for it,” he said. *You really can't just give
them a technical proposal and tell them
you know whut yeu're doing, or that
you've done it before.

“That and 50 cents get you a cup of

coffes.” .

Jhenrd ut Carnegie Mellon, where, In"

Dispateh photo by Tom Dedge

OSU was not interested in hardball
Jobbying for the contract, Vehnout said.
Waldron said he was “gently discour-
aied" when he stgz ested to officials in
O3U Prosident lward H. Jennings'

- office that Ohio congressmen be cantacts » ».
+ g nhout the controet,

S gy
No such discouruging words ‘were - -

1987, the school’s Field Robotics Center

Jwon a five-year, $7 million contract to 4.
““build a walking machine for NASA's
“ planetary rover program, “Ambler” had

its public "walk-oul™ last month,
0SU's walking muchine and Carne- ;
gie Mellon's Ambior are not exactly look- -
alike robotic Rockettes. -
& The OSU muchine is sort of an
engineering compromise. between a
horse and @ grasshopper, Although it~
weighs 7,200 pounds, it ia quite agile,

-eupable of moving each of its six legs up,

down, sideways, buckward or forward, -
Powerad by u 60-horsepower motoreyele
enging ard controlied by o driver and 16 -
on-board computers, it is designed to
move at 2 mph to 3 mph while dragging
louds of ug 1o 10,000 pounds.

* Ambler is smuller and lighter, »
ubeut 4,500 pounds, and does not require’
u human driver. Is is siower and loas
agile thun the OSU walker. The ma-
chine's six legs are grouped into two sets
of three to provide a stable platform for
seientific instruments. Ambler moves by
sticking out a leg and then dragging
itsell forwurd in what is deseribed as n
“eirculating gait.” &

"Qurs is # slow, detiberate machine,”
expluined David Pahines, assigtint direc- -
tor at the Carnegie Mellon roboties con-
ter,

“It reflects the kind of restraints cn a
planetary mission: exireme reliabiity,

Piease soo WALKERS naxt page
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extreme ruggedness, and low power
consumption.” .

Pahnos praises the existing
OSU machine as “a real seminal
piece,” but he said it would not work
in space. All that agility and speed
takes too much power and too many
complicated parts that could fail,
Jeopardizing a mission.

At the Jet Propuilsion Labora-
tory, a lot of skepticism exists about
any mechanical walkers,

A seven-legged walker calied
the “wallking beam” is being devel-
oped for the laboratory by Martin
Marietta Astronautics Group’ in
Denver, said Waldron, a consultant
to the company. “It looks for all the
world like an oil derriek. It’s very
light and very slow.”

Brian Wilcox, supervisor of the
laboratory’s robotic sensing and
perception group, said many ques-
tions remain about the stability of
walking machines.

“With legged vehicles, you al-
ways have the risk if one leg falls
through a shell material on the
ground, it could fall through and not
be able to recover,” he said. The
Martin Marieita walker, he said, is
being built low and squat to mini-
mize this risk.

Robby, Jet Propulsion Labora-
tory’s in-hotise rover project, is less
likely to get stuck, at least on the
relatively smooth surface of the
moon, Wileox said. Rather than
legs, it has six wheels and a flexible,
segmented body that allows it to roll
over cbstacles up to 5 feet high.

“It has less mobility per volume
than do legged vehicles, but in the
community it's considered more re-
liable, and simpler,” he said.
“Legged vehicles such as Ambler or
the OSU walker are considered
somewhat more complex.”

Rovers, whether walking or roll-
ing, would be equipped with robot
arms and other tools to handle a
number of chores, such as moving

cargo, laying utility lines or setting
up lights and other facilities in ad-
vance of human oceupation.

“In the case of the moon, they'd
move cargo from the landing site to
the habitat site or the nuclear reac-
tor site,” Wileox said.

The surface of Mars, however,
might favor walking machines.

“Mars is a pretty rugged place,
and the scientifically interesting
places are those which are more

rugged,” Wileox said.

“It has a grand canyon, for ex-
ample, three times the size of ours,
and a voleano twice the size of
Mount Everest.” This encourages
NASA to continue development of
both walkers and wheelers, he said.

Field trials will take place in
Antarctica’s Dry Valleys, and possi-
bly on the moon, to decide which
model makes the first trek across
the red planet.



