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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 ARlI,
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 hiils,
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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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 Iif the squad didn’t
recelve ammunition 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. Bul 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 wvehicle 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 immpassable 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 wvehicle
should be able to deal with the
above types of terrain.

He explained that the vehicle
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 in a 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 i1ssues
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.

“FEach 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 meo-
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 wvehicle 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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OSU walking machine’s creator takes hike

By David Lore
Dispatch Science Roportor

The creator 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 electrieal
‘engineer who has been working on walk-
ing mechanical vehicles for the military
since the 1960s, is taking early retire-
ment to stay at the Naval Postgraduate
School in Monterey. He has been a visit-
ing professor there since last September.

McGhee's machine, however, will

stay at OSU because the university hasa

'$1 million-a-vear 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 1Isler, 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. ]
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

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 for its ability to carry
loads, coordinate movement of its feet

and maneuver in close quarters.

Isler said no deecision 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 arctie tundra, forests, the ocean
bottoms, the interior of nuclear reactors
and the surface of other planets,
McGhee predicteds

“Obviously, 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 enpineering
department.

~ McGhee's departure is not a 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 i
United States and Europe, but this is * : ‘ lle phota
the first that works and is practical,” theAdaplve Suspension Yehicls
Vohnout said.
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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.
27. 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 maore pyblicity 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. Byt what do we know
about McGhee, the creator?

» O =

“I'm jyst an engineer,” said
McGhee, cyrrently 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
1s pretty much gone except for sim-
ple inventions,” he said.

Until recently, he vigorously
avolded 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 Tofedo. 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
sald. “I've always been interested iIn
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. “I 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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& my Legged vehicle
~ . I'stops in tracks
because of cold

By Pat O'Bryan
Lizf‘m__ﬂ[almnter

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-
ey up.”
eoewee i 2] Vincent Vohnout, vice president of Adaptive

@4 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,

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

Continued from Page 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 Kesearch
Projects Agency, which supports
the project, said the vehicle is the
most sdvanced 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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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 unigue
manufacturing method called " spin-casting.”
The telescope mount and housing also will
be radically new in design.

Optical infrared telescope will be able to detect candlelight at 500,000 miles.
(lllustration by Jim Stephenson)

Astronomers will be able to remotely The twin-mirror design should be five as powerful as the six-meter Soviet telescope,
control the telescope from their respective  times as powerful as the five-meter Hale currently the world's largest.
campuses. telescope in California and nearly four times Meanwhile, with feet firmly planted

on the ground, the University's unique, 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

s anon-board humanoperator and acomputer
A ’fﬂ w&2 control system that coordinates leg move-
ﬂmo State S Adaptwe Suspensmn Vehrcle can move in several directions. ments and processes information from an
(Photo by Kevin Fitzsimons) optical radar system.

-----
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OSU's walking machine is strutting its stuff again

By David Lore

Dispatch Science Reporter
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 electronics 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
oars 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-
engineered for the future.

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

The ASV is controlled 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 piece
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
anorted 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 vietim 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 robotic 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
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Steps readied to market

By David Lore
Dispatch Science Reporter

The builders of Ohio State Universi-
ty’s walking machine might take their
creation on the road to generate com-
mercial interest.

The walker is a six-legged, 3.5-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 original 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-

-trial applications. - .
- - After years of research and develop-
ment, Vohnout said, the machine is
ready for commercialization. |

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
don’t believe you.” |

Selling the machine brings problems

potential, they basically

OSU’s walking machine

similar to those faced by the Wright
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 machine 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 a2 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.”









Twice-Told Tales

Catching up on past stories

OSU Quest, Spring 1986/13

2108 s

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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