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| RESEARCH

| have is room for imj
One of the unique aspeets of the cen-
ter is that an athlete can be filmed in-
gide the facility, close to all the mon-
itoring equipment, while performing in
a realistic situation. A net comes down
from the roof, allowing the athlete ac-
tually to hit & golf ball, pitch a base-
ball, throw a discus, or even, presum-
ably, toss a caber. There is a trap door
in the roof to allow Rlming from above,
which provides an excellent perspective
| rmsmd ihe efliciency of body move-
ment. Placing an athlete in laboratory
| mn\llllurh turns out o be the ideal way
| to assess his performance. Explains Ar-
| iel, “He doesn't have to concern him-
| self with distan aceuracy. He just
focuses on techniqus
But Braden and Ariel also plan to
monitor top athletes in competition,
| taking their high-speed cameras to
track meets, tennis tournaments, bas-
ketball games, and other athletic events
| tofilm their students under stress. Bra-
den, who holds a graduate degree in
psychology, is interested in knowing
| what happens "when the adrenaline is
flowing differently. When we Lake an
athlete into the lab, does he perform
and execute the same way?"

he system thal allows these dif-
ferences tobe gauged accurately

is a product of both modern toch-
nology and a eentury-old solu-

tion to the problem of the hand being
| quicker than the eye—as are the foot
and the arm and the leg. In 1872 Leland
Stanford, the founder of Stanford Uni-
versity, Bet a friend $25,000 that & race

| horse at one point during his running
| gait had all four feet off the ground. To
settle the bet, the two men hired Ead-
weard Muybridge, a well known pho-
tographer of the period, to take pictures

| that would either confirm or refute
| Stanford's hypothesis. In those days the
wet-plate photographic process was (oo

| slow to provide proof, but Muybridge
persisted and in 1878 sel up a series of

| 12 cameras that were triggered sucoes-
sively as a galloping mare broke
through a series of fine black threads.
The resulting photographs proved con-
elusively that Stanford was right; at ane
point in each eyela of the gait of a gal-
loping horse, all four legs are indeed off
the ground. More than 100 years later,

| Ariel and Braden filmed Spectacular
the 1979 winner of the Triple
Crown, in action. Instead of 12 photo-
graphs they took thousands, which not
only confirmed Stanford's conjecture
but unambiguously showed the Thor-
oughbred’s owners why Spectacular
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Bid was ince the results
of this research could be valuable to
handicappers and trainers, Speetacular
Bid's owners—who paid for the re-
search—have decided to keep it top
secret.

ilming is the first of a series of
carefully coordinated steps in the
analytical process at Coto. After

the film is developed, it is
scanned and fed into a computer
digitizer. This process produces little
stick figures, enabling Ariel to study an
athlete’s motions in sequence on the
computer sereen in three dimensions.
He ean compare this motion with that
a "model” motion stored in the com-
puter’s memory—a lennis stroke, say—
and then suggest correetions. Biome-
chanical analysis by the computer
reveals how the motion can be changed
in order to achieve the greatest effect.
“"For example,"” explains Ariel, “in try-
ing to optimize the performance of an
athlete like Jack Nicklaus, once we had
his basic swing digitized, we could be-
gin experimenting right on the sercen.
We might say, "Jack, we really think
you could hit the ball farther by put-
ting your knees in a different position.”
We would change the stick figures and
the computer could then calculate if we
were right. Knowing this, Nicklaus

could go to wark on sdopting o differ-
ent knee position. He docsn’t even have
to hit the ball, and we can tell him if
this change ean help.” To prove this
principle, Braden and Ariel have begun
similar analysis and training of Tim

the rankings of the world’s top tennis
players, If Tim takes to the training,
Braden believes, he tould soon be’giv-
ing the likes of Borg, McEnroe, and
Connors a run for their money.

One area of research by Ariel and
Braden that is certain to be controver-
sial is their work in talent-recognition
testing, the early identification of sports
superstars. The Soviets and East Ger-
mans, in particular, are already using
such testing, but many Americans re-
bel against the idea of “test tube” ath-

tes. In answer to the question, “Do
you really want to make robots out of
athletes?"” Braden replies, "I feel that
We owe every youngster proper expo-
sure to the best information we have
available. If we're going Lo make mea-
surements (and every coach does), let's
make the best and then give the data
to the youngster, the parents, and the
coach invalved. My

in experimental bbowtm

Gideon Ariel, director of the

been to ercate i
not robots.”

cnll:l‘n" i and
goul has always  Snathiete's spwngthatti o
thinkers,

BIOMECHANICS

A LABORATORY
FOR JOCKS

Tennis professor Vic Braden wires athletes and their
playing fields to improve performance

BIOMECHANICS

aconservative list of ideas that hnwnnl
ed to investigate or confirm, and how
much rosearch time cach project s
require. The total research lime came
10176 years,

Yet it wes the sport of tennis that

eventy ﬂ) got the m-vorzh center
built. o Coto de
Ce heuv.m-ns

of the property was that if I could gen-

rof the tennis eol-
i intes
college thrivi

lege, they would take
research c Th
and Braden's bosse
Corporation, the developers of
ton in Florida—honored their commit-
ment. What clinched the deal, Brade
admits, was the technical expertise of
his assistant: "I needed Gideon 10 pro-
\.m-um-m. punch.”

riel, aburly Isracli who competed in
Lhu I‘IEU and 1964 Olympies as 1 discus
thrower and shot-putter, was still a
graduate student at Dartmouth in 1971

by BRUCE SCHECHTER

when he founded his ewn company,
mputerized Biomechanical Analysi

newly instituted time-sharing compu
er system. Then Ariel moved to the
versity of MassachusetLs, where he used
thatschool’s computer to refine his
of biomechanical analysis. In 1
after reading & SPORTS ILLUSTRATED
profile of Brden, Ariel called nnd ar-
ranged a meeting at Coto de Caza.

den recal was already m\onL in
high-speed cinematography, and

discovering that many things bein :c\
about sports techniques by a lot of big
names were simply not true—and terri-
bly misleading. Then I met Gideon, who
was already one step ahead of me by
computerizing what was actuall
pening, working off high-specd film
it was a perfect marriage. We started
talking about sur dreams for a research
center at about four in the afternoon,
and when | thought it was time for din-

Bra-

iF
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ner, it was about three in the morning.
We were ten or fifteen years ahead,
thinking about what was geing to hap-
pen to sports, and the kind of research
we could be doing.” Recalls Ariel, "1
told Vic | couldn’t see a better place in
the world to have a research center like
this. It ook us five more years, but
we had thisdream and wedidn't let it go
untilit happened. Now we must make it
wor

f enthusinsm and ingenuity are
cnough 1o mal work, then the
Coto Research Center will triumph.
he two-story building houses com-
ent hubs,
ercise and workout
acilities, offices, and
conference and projection rooms,
About the only thing that it does not

Tennis teacher extraordinaire Vic
Braden at his sports complox
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ennis star Don Budge had a se-
eret, and Vic Braden wanted to
know what it was. Though
Budge in the 1940s routinely
played in broad daylight before large
crowds, no one had ever understood
how he was able to put so much power
inte his hand shots. Braden,
though still a youngster at the time,
within him the seeds of a tennis re-
searcher. He hitchhiked from his home
Michigan, to Detroit, where
Budge was to play Bobby Riggs. By
observing the action through holes
punched in a set of threehy-five index
cards, Braden was able to watch isolat-
ed parts of Budge's body. "I realized,”
recalls Braden, “that Budge drew the
power for that great backhand from hi
thighs. I'd never seen that stated a
where else. Don probably didn't know
it himself.
Vie Brade
be the best tenn
:'\I in the business of telling athl
t they do not know, But now, in-
il of index cards, he uses high-speed
mavie cameras and digital compute
Last November he and Gideon Ariel,
mer Olympian .nm creat
- hiomedica ysis, opened
$1.2 million l,u\c: Research Center
Cf RC} in_the recr ort commu-
nity of Caza, T0 miles south of
Los Angeles, For three deeades Braden
had dreamed of having such a labora-
"ve always wanted answers |
he luh‘l correspondent Bill
wt the guesswork of a eoneh

ed by many to

Bruns,
orapl

At Elnl \:l nee, the Coto Research
Center looks like an ordinary, but rath-
er posh, health club: a pair of what ap-
pesr Lo be vaeationers are having a lei-
surely rally on the tennis eourt, while a
solitary jogger runs laps on a twolane
track that encircles the court, Adjacent
to the court and track is a two-story
clubhouse. The eourt is set off in a
grassy amphitheater. But a closer look
reveals what may be the most advanced
technological sports complex in the
world—a ||)|lu[;\m‘ answer Lo the re-
nowned sports facility in Leipzig, East
Germany.

Sensors on the chests of the tennis
players are connectad to lightweight te-
lemetry devices that transmit their
heart rates to a computer in the ¢
house, where a cardiologist
tor what is happening during a ms
Simultancously, eight sonarlike sens-
ing devices that sit around the court like
owlish line judges feed the computer
with information about the players’ mo-
tions, which tells the doctor how hard

Tennls player,lot, at the Coto

search
Cll\loﬂlla.lswlud'w lcllm Fllpm
ywiewoﬂa tenni
player practicing his stroki

they are exerting themselves, Braden
can also fit an athlete with special head-
gear, reminiscent of rth Vader,
which contains a complex set of lenses
that enable Braden to determine exact-
ly where the player is looking. The d
vice is fitted with a | m.\L
bounces light off th
and into a camera at the back of the hu]-
met; the camera commands the same
field of vi n the
film is o 1t spot of light
indicates exactly where his eyes were
focused.

nners can also wear a telemetry
co—doing away with treadmill Lest-
ing—while the mechanies of their stride
and footwork arc recorded by force-
sensing plates hidden at five locations
around the track. The track curves into
llw building, allowing for all-weather
ing and high-speod filming.

Inside the building is a collection of
computer-age machinery designed by
Ariel, who is the direcior of the center,
that will be used Lo help the profession
ul us well the hacker to be more ef-
ficient, more eapable, and less vulner-
able to injury in his sport. "We are very
oneerned about relating all of our re-
arch findings to the m
Ariel. "Our theory is that uwr\!wl\ is
a gold medalist in his or her own hady,
20 we want to try to allow people to
reach their maximum potential in
sporis.”

ith the CR riden

may have finally reached

his maximum potential as

tennis teacher ertraor-

dinaire. In 1971, after years of being
what amounted to a cult figure in the
tennis community, he opened up his
own tennis school. There he taught
thousands of people the fine points of
the game of lennis. Before establishing
the seheol, he pursued some of his own
pet projeets, often at his own expense,
These included teaching blind children
to play tennis. He invented a system
that enabled him to eall out to a blind
«child the position at which the ball could
be hit; the child would then swing—and
often connect. "My problem has always
been that my ideas for research great-
l\ mllnumlxrm\' income,” he laments,
I

igwigs of Lhe tennis world could
nnl have cared less. One dubious o

einl asked him, "What can you research
in tennis, anyway?" Braden put down
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