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'Mechanical

A whale of a tale

Animatronics
blurs the line
befween reality
and tllusion.

Lawrence Kran
Senlor Edor

he signatuare

lack amd whike

figure slips by

the underwater

viewing window

with m graceful, almost
hypnotie rhythm. All eves
rivet on the 16-ft-
long Orea as it
surlaces lor an
pxplagive braath,

Killer whale
shows never fail
to impress audi-
gnees, but the
whale in this case
i=n't real or in the
wpter. Bather, it
= a convincing il-
lugion made pos-
gible by Holly-
wond-slyle
“smoke and mir-
rars” and some
clever englneer-
ing from Man-
netron Ine., Battle Creck, Mich.
Mannetron's animatronic Orea is
o lifelike that leading Japaneze
whals authorities signed ol on ils
antlenticity, a prerequiaite for de-
livery to the Naogoyn Port Publie
Adquariom in Japan.

Cetting to the aignoff, how-
ever, took nearly two years, The
first step: compress the resulls of
millions of years of whale evalu-
tian into images lasting meTe sec-
onds. For help, Mannetron
tapped renowned whale expert
Frank E. Fish of Westchester
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I% il lvi oF % 1 aniesaironic?

A digitally rewarked video kbop -
pullnes the basic mation. This =0
helped form the basis for both tha

Yescale and ful-size mechanisms.

The program Warking Modal frorm M0 Sothware,
Santa Ana. Cal., simulabes the animatronic whale's

muodion and joint fones

University in Pennsylvania

Caught on video

Profezsar Fiah's videos lootage of
a killer whale swimming in »
glass-windowed poal shows batk
the nature and extent of the mo-
tions. Mannetron engineer Fetar
Jungen selected ten separate se-
quences from the video, Theess
were digitized at m 20-frame'sec
rate with a 330 = 240 resolution.
Each sequence was stored ag &
separate AYI file then processed
with & program called AY] Con-

structer which turned each ze-
gquence into & bitmap file repre-
senting individual frmaes.

To better track whale motion,
Jungen wrote a program in Visual
Hasic thet crops out o segment al
each frame and predoces a new
hitmap sot, These were reassem-
hled inta a video in which the
whale stands still and the water
maoves ovar it. A particulnr point
in the frame sequence aerved as a
start of a continuous loop, Several
reference points and shapes
added to sach frame (with Adabe
Photoshop) produced a cloarer |
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pitture of the awimming motion,
Finally, the frames were assem-
hled into an AV file.

The digitally rewnrked video re-
venls that & killer whale swims by
maving ita tail, fluke, neck, head,
and body center. The whale body
pivols about & point more or less
at the center. “A11 five motions
wark together to prodwee a grace-
ful, flowing, wavelike progres-
sion,” explaine Jungen. This
agrees with Dr. Fish's formulas
that model killer-whale swim-
ming a5 o series af sine waves, In
reality, swimming
whales rlso move up
and dewn slightly.
But lack of this ma-
tion, it was deter-
mined, would naot de
tract from the illua-
sian so it was left
ok,

Jungen then ax-
tracted three of the
Photpshop frames
showing key positions of each mo-
tiem, These pravided overall meas-
wrements and formed the basis ar
a generalized mechanlam: The
tail spetlon consists of six linked
segments. The Nuke moves inde-
pendently with a three-segment
}nel,-hn.r.'i:m. . I.'.-m.-e-zugn'l{'l'ﬂ
neck lets the head move up and
dowm, and a rigid center spine piv-
ais though a hinge point.

A gpraphics program let Jungen
superimposs a CALD model (DX
filel of the mechanism onto the
three video reference frames. Fit-
ting the mechanism Lo Lhe [kames
provided a range of matian ex-
pressed ms angles relative to the
sping segrrents: tail IT3 to LEA®,
fluke 170 to 1807, neck 175 to
182* gail 186 to 18956°, and an over-
all body maotion of about 6° total
range.

Start small

Rather than tackle the full-
acale behemaoth straight-away,
Mannetron apted ta first build a
Yeacale model hased an seanned
ilustrations of lateral and dorsal
viewg. These scanned images
wore outlined with the CAD pro-
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gram Cadkey, The previously de-
veloped mechanksm was then im-
ported into this outline to scale
the moving paris.

The next stop selected actua-
tors to move Lhe mechanism. A
linsar actuator with n 2-in_ stroka

] -

= . T __Jl.r
& worloar checks the whale skelelon
modal, kmages [ram the modal and
from compuber-ganerated graphics
of inemal crgans, projesct omnan
angled, partialy silvenad mirar in
fromt of the whale, Audiences S8 a
ahostly cutawey Bppear and
disappear

and & lopd reting of 50 L al 3 ps
moves Lhe tall, head, neck and
Body. A 12-1b fioros, S-ips linear ac-
tuator propele the uke, and a
conventional servomolor opens
and closes the mouth, Further
MASSAFINE in 0 modeling program

Thie whale skin amangas fram the mold halvas

wvrar.machinestaaigm.com
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helpad integrate
the actuators and
refine the 310 CATD
model. The CAD
madel produced
hath engineering
drawings and DEF
files far NC ma-
chining of the vari-
ouE parts.
Zculpting a clay
model paralleled the mechanical
design work. The model became
the mold form for the whale's
outer akin. The scanned 1llustra-
tions used to size the mechanism
alan served as a reference for the
sculptor. Further details for the
shape came from videa, countless
photegeaphs, even polng in a tank
with and towching live Crens.
Assembly presented additional
challenges. For instance, the
mechanism near the Nuake would
mot fit inside the skin. It was
based anly an front and top views
and did mot aceount for the tail's
oval cross sectlon. Redesigning
three tail sections nearest the
fluke let the skeleion fit properly
within the skin. But the sverall

i1
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shape was compromised same-
what to make the assembly physi-
cally possible withaut changing
actuatora.

Scale up

Despite the setbacks, the
smaller whale model let Man-
netren teat the basic concept be-
tare scaling up. Probably the eaxi-
a&t part to scale was the outer
akin. Here, a 3 lager acanner
precisely recorded the shape of
the 4-ft-long whale model, The 3D
image was scaled by a factor of
fioar and turned into N toolpaths
aoa large vertical-milling ma-
chine could cut the structural-
foam mold form

Designing the full-scale aluemi-

The quarter and full-scake Oncas
under consiruction,

num skeleton posed & new set of |
problemz. The overall mechanizm
size scales linearly but component
eross sactions and power rFeguire-
ments don't. Mannetron firet con-
sidered hydraulics to move the
hefty holk. But leaking hydraulic
oil can ruin molded skin and
paint, *That happened to anae of
the robatic dinosaurs when film-
ing Jurassic Park,” suyvs Man-
netron CECQ Mike Clark. "They
had to seramble Learjets to an all-
island leeation to maold . replace-
ment ahin.”

Heat and noise were other con-
carns with hydraulics because
thi large whale consumes about
16 k'W during operation. The hy-
drauliec power unit required to
run it would have been housed in
a sepRTRte air-conditioned,
sound-proof Foom along with re-
frigerated ofl coolers, all of which
waore unacceptable,

A little research located a suit-
able replacement — brushless |
servomotar-powered linear actua- |
tors from Exlar Corp., Chanhag-
=an, Minn. Five of the three-phase |
actuators move the tail and one |

waw, machinedesign.com

Courtesy of Steven Engineering, Inc. - 230 Ryan Way, South San Francisco, CA 94080-5370 - Main Office: (650) 588-9200 - Outside Local Area: (800) 258-9200 - www.stevenengineering.com



‘Mechanical

controls the mouth. The actuntors
eliminated the support squipment
and squally impartant, the noise.
Making the whale run silsnt was
one of Mannetron's key goals,

5 wimming with fishes

Frobably maore challenging
than building the animatrenic
whale was producing with it con-
vineingly reallstic swimming mo-
tinn within the context of water,
surface waves, lish, and other
killar whales,

T start, Jungen programmed
the whale's actuators to replicate
[ir. Fish's motion models. A com-
puter with real-time contral of
phase and amplitude runs the ac-
tuaters in a sequence of sine
waves., Jungen edjusts these pa-
rameters 2o the mechaniecal
whale's moves mateh thase of tha
rial I.|:||n|.|; {on videa). Mannetron
digviloped a special control box to
further help tweak the motion
and eliminate gain-induced vibra-
tion. The box uses digital pots to
contrel phase and digital gains, a
more intuitive method than plag-
ging in numbers, gavs Clark.

The next trick is placing the
fake Orea in what appears 1o ba
water. Here's where the smoke
and mirrors come in. Inside the
whale “tank” are seven rear-
screan computer projectors,
some displaying real swimming
whales. Images from three of the
projectors overlap to glve contin-
nous floar-te-ceiling coverage
The images help make the ani-
matronic whale appear to swim
in place ag the water images
moves over it. A apeclal Whale
Input Device developed by
Mannetron svnchronizes the
whale and water speeds in real
time. [t uses a welghted hand
crank to controel tail flopping rate
(proportional to erank speed)
over A range of several Hertz
The tail typically runs at about
1.k Hz or 3 flopa'sec

Adding another dimensian to
the illusion is an old magie trick
called Pepper's Grhast. The trick
dates back to the 1860°s maglc
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Sculpior Chris Young scopas his handiwork on e 16-H-long whaks skin,

lantern ehows in London where it
wns used to make ghostly images
appear on stage. The same effesct
also makes possible heads-up
diaplays in modern jet-fighter
cockpits,

(i the whale set, a partinlly sil-
vered mirror, placed at an angle ta
the viewing window, perindically
projects high-resalution images of
the whale's internal ocrgans, Su-
perimpased on these are reflected
images off of a sheletan mode] sus-
pended above, The audience sees
& ghestly cutaway magically ap-
piear and disappear.

Feeping the projected images
wnd the whale in lockstep is the
Goclety of Motion Picture and
Televizsion Enginesrs (SMPTE)
time code synchranization proto-
col. SMPTE was originally devel-
oped for use in the television and
maotion picture industries to deal
with the inherent slipping nna
giretching of videotape. It places a
frume number and time stamp on
each L'f-aee video [rame.

This comaes in handy, aspecially
when the animatronic whale sar-
ficas to “braathe.” Unfortunately,
Fish's farmulas don't cover surfac-

ing, 8o Jungen wrote a program to
bend the whale's tail, come up for |
the blow, then morph back to the
Frank-Fish motion. Images pro-
jected on o separate scroen, and
om the partlally sllvered mirror in
frant of the whale, simuolate the
blow-hale spray in 3D as well as
sumnlight filtering through the wa-
ter surfisee.

Like any convincing illosion,
however, all these technicnl de-
tails are transparent to the audi-
enee. They see only o graceful act
of “water” ballet put on by a mag-
nificent, albeit animatronie, killer
whale. About the only thing miss-
ing from the experience is a wet
aeal. W
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