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Pioneers of a new science in sports analysis-biomechanics-are asking this
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This article by David F. Barry, published in A+ Magazine in August 1984, discusses the role of biomechanics and
Apple Il computers in enhancing the performance of Olympic athletes. Biomechanics, a field that combines the
physics of motion with human anatomy, uses Apple Il computers to analyze athletes’ movements in great detail.
The computers are linked to tracking devices, high-speed cameras, and force platforms to provide precise images
and data of athletes' performances. The article highlights the work of Dr. Gideon Ariel, a pioneer in biomechanics,
who uses digitization to convert athletic movement into highly precise, three-dimensional graphic images. The
article also discusses how biomechanics has helped athletes like Edwin Moses, a hurdler, and Mac Wilkins, a
discus thrower, improve their techniques. Ariel also used biomechanics to analyze team movements, helping the
U.S. women's volleyball team identify weaknesses in their opponents' defenses. The article concludes by noting
that while much of the digitization work is currently done on minicomputers, Ariel expects that microcomputers will
soon be able to handle more of the load.
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on 1o win merg than 100 races, without
a loss, and he is now heavily favored to
capture another gold medal this sum-
mer in Los Angeles. Intrigued by Mo-
ses” astonishing ability, Ariel took some
digitized (high-speed, up to 10,000
frames per second) photographs in the
hope of discovering its origin.
“Digitization™ uses high-speed pho-
tography to convert athletic movement
into highly precise, three-dimensional
graphic images. The images reveal a
wealth of information: the speed of the
athlete’s movement, the forces at work,
and the angles or placement™ at
which the different parts of the body
are interacting. In addition, scientists
can study the entire movement at regu-
lar speed, slow motion, or as a frozen
multiple image—from a top view, side
view, or front view.

High-speed cameras first photo-
graph a mavement from at least two an-
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gles. The film is then projected onts
digitizer screen,” a special screen 1l
is similar to a small movie screen. T
scientist, using a special magnetic |
known as the Graf Pen, touches, on |
screen, certain significant points an 1
athlete's body—coordinates—that ¢
important to the movement.

The Apple 11 Plus computer (whi
has recorded the coordinates) and
Data General Eclipse minicompu
team up 10 interpret the data in the
impulses and project it onto a video d
play as three-dimensional graphic i
ages of the movement.

In the digitized photographs of ¥
ses running the 400-meter hurdles, A
el discovered a fascinating picce
information. When Moses jumped o1
hurdles, his body rose no higher th
when he was running. On a frozen m
tiple image of Moses' complete acti

| down the track and over the hurdl
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| standing on the platform,

| ing an integral part of the

| of valuable informa

| through his motion,
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you could draw a straight line along the
path of his head.

"You assume when he’s going over
an obstacle his head is going up,” Aricl
says. “But not so with Moses. That's
he's so great. He's basically run-
ning horizontally over the hurdles while
all the other hurdlers are going verti-
cally.”

Though Moses is in a class by him-
self, up-and-coming hurdlers could
gain some valuable insights into their
sport by studying Moses' techniques.
Force Platforms and Apples

Al the Biomechanical Labs in Colo-

rado Springs, Colorado, and the Coto |
R

esearch Center in Southern Califor-
nia, Ariel has linked Apple IT comput-
ers to an ingenious device known as a
force phtform a two-foot-square steel
platform that is suppor!cd at each of its
four corners by 1
sensitive

register any movement or
force applied to the plm-
form, which is so sensil
says Ariel, that he can de-
tect the pulse rate of a
person who is mercly

Race walkers, mara-
thon .runners,  weight
lifters, archers, and shoot-
ers are-just a few of the
athletes who have benefit-
ted from the foree plat-
form. The athlefe cither
steps up on the platform
(in a stationary sport,
such as archery) or runs
across the platform (as in
a mobile sport, such as
running), and by complet-

movement while on the platform imme-
diately provides scientists with a wealth
n.

In Colorado Springs, weight lifters
have learned more efficient ways
tribute their weight during a lift, thanks
to the force platform. The platform,
placed beneath the lifier as he goes
measures  the
farces on the lifter’s shoe at each point
during the lift. By feeding this informa-
tion into the Apple, scientists can deter-
mine how much the lifter is shifting his
weight from toe to heel as he lifts the
wcwghi. If his v-x:iglli is too far off the

“center of pressure” (the point on the
shoe at which all the forces conves
he'll have difficulty lifting the wwshh
The position for opnm:l effort, the
computer reveals, is when the lifter's
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center of pressure is nearest the ath-
lete’s natural center of support.

Says Mark Fenton of the Biome-
chanical Labs, “You can compare the
differences in his own pattern. One day
he is more successful than on another
day. Why? What was he doing on one
hat he isn't doing on amother

By comparing an athlete’s efTort ei-
ther against his own performance or
an optimum standard, a scien-
tist, in collaboration with the coach and
the athlete, can suggest different tech-
niques to improve performance.

Gary Scheirman, a biomechanical
scientist in Colorado Springs, wrote
many of the programs for the Apples.
He believes that a scientist can most
help an athlete by “identifying patterns
of movement and quantity of move-

agai

he
Apples
immediately
register any
movement or
force applied to
the platform.

ment.” With an archer, for example,
the scientist attempts to determine how
stable the archer is by looking at nones-
sential movement that occurs before or
during the shot and, if there is such
movement, how much and what type it

Rick McKinney, a national-champi-
on archer who placed fourth at the
1976 Olympics in Montreal, has a good
shot at the gold medal this summer in
Los Angeles. Scheirman  analyzed
McKinney's performance by combin-
ing the force-platform analysis with
that of another piece of equipment
called Selspot, a Swedish device that
uses infrared light to detect motion.

The Selspot process requires rigging
LED diodes 10 selected parts of an ath-
lete's body—for example, on an ar-
her's bow sight or o weight lifter’s bar.

As  the athlete  goes
through his or her motion,
an clectronic  infrared

camera scarches for the
diode at the rate of 200
times a seeond. Each time
the camera finds the di-
ode, it records the posi-
tion. This information is
then fed into the Apple,
which produces a compos-
ite graph indicating all
areas of movement.

"We learned
McKinney the impor-
tance of stability,” says
Scheirman. “This idea of
stability was not always
an accepted theory, since
some coaches believed
that movemen] was im-
portant in archery. But
we're finding with the best
archers in the U.S. that
indeed they are very, very stable.

“We also looked at [McKinney's]
position to be sure that his foot place-
ment was correetly aligned with his
center of pressure. We gave him infor-
mation that he has been able to work
into his stance,”

Dr. Aricl has been working with
computers and athletes for more than
ten years. Ariel's success stories also in-
clude gold-medal discus thrower Mac
Wilkins and the U.S. women's volley-
ball team, which, in the span of six
years, has gone from unranked status to
its current ranking as one of the top
three teams in the world (alongside the
traditionaly quicker and stronger Chi-
nese and Japanese teams).

Applying Newtan's Law
Mac Wilkins' first encounter with

from
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Ariel came in November 1975, when
the two met as part of a biomechanical
study project commissioned by the U.S.
Olympic Committee. After studying
Wilkins' movement with the discus on
film, Aricl discovered that in the move-
ment toward the throw, Wilkins' front
leg was absorbing energy that could go
into the throw itself.

Citing Newton's law that every ac-
tion requires an opposite reaction, Aricl
says, “It's vital to have everything srop-
ping in the discus. In the best throws we
found a pattern. It is like using a fly
rod, or snapping a towel. You have 1o
| decelerate the heavy parts—the legs
and the trunk—so you can accelerate
the light parts—the arm and the dis-
| cus”

Ikins' best throw until then had
been 219 feet | inch. The world record
was 226 feet & inches. Not
long after putting Ariel’s
advice into practice, Wil-
kins set o new world rec-
ord, tossing the discus 232
feer 6 inches. He then
went on to win the gold
medal at the 1976 Olym-
pics in  Montreal by
throwing the discus 221
feet S.inghes.

Team Movements

Since . biomechanical
scientists often work with
Olympic athletes who are
near or at perfection in
their sport, the need for
improvement in fechnigue
is sometimes barely per-
ceptible. On occasion, sci-
entists study top Olympic
athletes just to learn their
techniques so that devel-
oping athletes can com-
pare themselves and learn from the
comparisen.

Taking his theories a step beyond
work with the movement of individual
athletes, Ariel wondered whether or not
he could determine—through digitiza-
tion—a feam’s key weaknesses and
strengths.

In 1981, he found his answer. At
world competitions that year between
the U.S. women's volleyball team and
the top international teams at the
time—China, Japan, and the Soviet
Union— Ariel used high-speed cameras
to photograph the matches. Later, digi-
tizing the information at the Coto Re-
search Center, he discovered some
telling information about the patterns
of movement of the opposing teams.

One illustrative sequence of play,

cientists
can determine
how much the
lifter is shifting
his weight
from toe to
heel as he
lifts the weight.

showing Flo Hyman spiking into the
Chinese team, revealed a recurring flaw
in the Chinese defense, which accurred
just before Fla Hyman actually spiked
the ball. Aricl found that in anticipa-
tion of the impending spike—before
Hyman had even touched the ball—the
members of the Chinese team would
commit themselves 90% in one direc-
tion. Since individuals cannot reverse
their motion quickly once they have
committed 1o a certain direction, Hy-
man could, in future games, take ad-
vantage of this situation and spike to
the point where the Chinese team was
the weakest.

“Since they are always doing the
same thing,” Ariel says, “we can tell
her, *make sure you spike to the point
where they are the weakest.”

“This is how we are beating the Chi.
nese, the Japanese, anybody in the
world. When we play with them, using
this kind of sophisticated statistical
analysis, it's like playing poker with
somebody and knowing what their
cards are.”

When the U.S. began winning inter-
national tournaments, the rest of the
world caught on, and Ariel and his
cameras were banned from the games
But not before volleyball-team coach
Arie Selinger had gotten the informa-
tion he needed.

Minis to Micros

Though Ariel’s work in the early
years began on minicomputers—and
the brunt of the work continues to be
handled by minis—Ariel is shifting
more of the burden onto microcom-
puters, which can now do for $15,00C
what it took $100,000 tc
do years ago.

Says Ariel, “The Apple
is fantastic as an intelli-
gent storage device. We
use Data General mini-
computers to do the actual
calculations on the raw
data, but because the pro-
cess of digitizing takes
hours and hours, there ic
no reason o start up the
minicomputers, which arc
very big and power-con-
suming. Instead, we use
the Apples to collect the
information and store il
on foppy disks. Then
after three or four hours
of digitizing, "we use @
transfer program to dump
the data into the minicom-
puter, which does the ac-
tual calculations.”

Since plotting each movement co-
ordinate consumes only about two bytes
of memeory, some of the digitization car
be done on the Apple. But, for now, the
need for more memory and higher
graphic reselution to do more in-depth
calculations requircs collaboration with
the minicomputer.

Down the road, however, with ex-
panding memory and 32-bit processing
Apples—and  micros peneral—
should carry even more of the load. Ari-
¢l envisions a time not too far off wher
college coaches will do their own digiti-
zation on microcomputers located ir
their offices.

In the meantime, an expected strong
ULS. effort at this summer's Qlympice
in Los Angeles owes plenty 1o Apples
and biomechanics. +
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