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By Jordan Stanway

stephen Licht built an unusual under-
water robot with a curious name. With 

a wink toward James Joyce, he named it 
Finnegan, because he was particularly inter-
ested in studying the wake made by the ro-
bot as it moved through water. 

instead of the usual screw propellers 
you find on boats or underwater vehicles, 
Finnegan has four f lippers, known to en-

gineers as f lapping foils, that roll and twist 
through the water. They enable Finnegan to 
change directions quickly and make sharp 
turns and backflips to avoid obstacles in 
chaotic, unpredictable environments, such 
as the waters near reefs or beaches. Licht’s 
vehicle looks—and is designed to move—
more like a sea turtle than anything else. 
But teaching a machine to swim as deftly as 
a sea turtle is no easy task. 

so to make his 500-pound robot more 

efficient and maneuverable, Licht decided 
to consult a venerable expert in the field. 
Her name is Myrtle. she is about the same 
size and weight as Finnegan, but has much 
more experience with underwater swim-
ming. she has been doing it for about 70 
years, the past 40 in the giant Ocean Tank 
at the new england aquarium. 

Licht said, “i called sherrie Floyd, the 
chief aquarist at the new england aquar-
ium, and said, ‘i want to do some research 
with one of your endangered green sea tur-
tles,’ and her first question was, ‘Well, are 
you a certified diver?’ and i thought, ‘OK, 
i’m in! This is going to be fun.’ ”

Turtles, fish, penguins, dolphins, and 
seals are masters at maneuvering in their 
liquid world, so that’s where Licht, a grad-
uate student in the MiT/WHOi Joint 
Program, turned to learn how to make the 
next generation of autonomous underwater 
vehicles, or auVs, more maneuverable. 

“When we look around and see the as-
tounding capabilities of animals in nature,” 
he said, “we see that they have really incred-
ible abilities that we can’t even approach 
with man-made underwater vehicles.” 

Licht worked with his mentors, MiT 
professors Michael Triantafyllou and Franz 
Hover, in a field known as biomimetic ro-
botics. Their goal was to observe nature’s 
solution to a problem, distill it to the basic 
underlying physics, and apply this new un-

The turtle and the robot
An old sea turtle teaches a young engineer a thing or two about swimming

As an MIT/WHOI graduate student, Stephen Licht built an underwater vehicle called Finnegan 
(seen here without its yellow outside “skin”) with flapping foils to enhance its maneuverability.

To learn how to build a better underwater vehicle (right), graduate student Stephen Licht dove in the Giant Ocean Tank at 
the New England Aquarium to observe Myrtle, a 500-pound sea turtle, and analyze her flipper movements.
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REMUS (length: 1.6 meters)
Turning radius: 2.9 body lengths
traveling at 0.5 body lengths per second
(0.8 meters per second)

Finnegan (length: 2.0 meters)
Turning radius: 0.77 body lengths
traveling at 0.72 body lengths per second 
(1.44 meters per second)

Sea lion (length: 2.4 meters)
Turning radius: 0.1 body lengths
traveling at 1 body length per second 
(2.4 meters per second)

derstanding to an engineering problem. 
“in this case, what we’re really looking 

at is dynamic, unpredictable f lows—like 
the surf zone, like around obstacles, or in 
waves,” he said. in such conditions, a ve-
hicle has to respond almost instantaneously 
to substantial forces from the water around 
it. You’ve heard the old expression that a 
battleship can’t turn on a dime. neither 
can a conventional torpedo-shaped auV; 
its single-screw propulsion is designed to 
move the vehicle efficiently from point  
a to point B.

This is great for surveys in which the 
vehicle goes back and forth in long rows, 
like mowing a lawn. But limited maneuver-
ability means that operators have to avoid 
dynamic environments or risk crashing and 
losing a vehicle.

“if you look at the way animals use their 
bodies, they are extremely comfortable—in 
fact, usually more comfortable—being near 
obstacles and dynamic f lows,” Licht said. 
small fish dart into coral reef holes to es-
cape predators. salmon and trout synchro-
nize their bodies to the f low behind rocks 
to conserve energy as they swim upriver to 
spawn. dolphins surf on the bow waves of 
huge supertankers that could easily crush 
them. Licht said he was trying to “learn 
what lessons we can from animals.” 

One of these lessons is unsteady propul-
sion. The marine animals mentioned earlier 
have many differences, but they use their 
fins, f lippers, and f lukes in the same way to 
move through water. The principles under-
lying this kind of propulsion are different 
from those for a conventional screw propel-
ler. To better understand how these animals 
swim, Licht designed Finnegan with four 
f lapping foils. 

An elegant wake 
if the key to biomimetics is finding the 

underlying physics, the key to f lapping foil 
propulsion is understanding the f luid dy-
namics driving Finnegan’s wake. as the 
foils sweep through the water, they generate 
tiny tornadoes of spinning water called vor-
tices (picture the eddies formed when you 
paddle a canoe). 

intricate patterns of vortices spin out into 
the wake behind the foils. The vortex pat-
terns depend on exactly how the foils move. 
some foil strokes produce a trail of vortices 

with the top set spinning clockwise and the 
bottom set rotating counterclockwise. To-
gether, they work like cogs in a machine, cre-
ating a backward-flowing jet of water that 
pushes Finnegan forward (see illustration on 
Page 25). Other foil strokes make Finnegan 
pull water along with it, creating a drag wake 
that slows Finnegan down. some foil strokes 
create asymmetric vortex patterns that pro-
duce lift —these push Finnegan up, down, or 
to either side. some vortex patterns are effi-
cient; others waste a lot of energy. 

“You can come up with some very basic 
characteristics of the wakes that make it rel-
atively easy to predict whether you’re going 
to get efficient motion, efficient swimming, 
efficient thrust, and effective maneuvering 
capabilities out of them,” Licht said. armed 
with basic understanding of Finnegan’s 
wake hydrodyamics, Licht took his robot to 
the MiT alumni Pool for testing. 

“it’s always fun to see what you created 
actually do what you created it to do,” he 
said. “at first, you just want to make sure 
that it can swim in a straight line, and that 
it’s not going to leak, and it’s not going to 
explode. The next time you go in, you want 
to make sure it can turn in circles. and by 
the end of it, two or three years later, you’re 
doing maneuvers. each time you go in there 
something might go wrong, but something 
great might happen.”

Swimming with turtles 
With Finnegan functioning at a basic 

level, Licht began to explore the complexi-
ties of more difficult maneuvers with Myr-
tle, whose body had been tuned by nature 
through millions of years of evolution. don-
ning scuba gear, he dove in the aquarium’s 
four-story, 200,000-gallon giant Ocean 
Tank. He filmed Myrtle’s f lipper move-

Undersea vehicles can’t turn on a dime
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Seals swimming fast at 2.4 meters per second need only one-tenth of their body length to 
turn completely around, in the face of an oncoming coral reef, for example. Like seals, the 
robot Finnegan has “flippers” (flapping foils). It can’t turn as fast or deftly as a seal, but it is 
more maneuverable than vehicles such as REMUS, which use conventional screw propellers 
for propulsion.
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ments from different angles as she ma-
neuvered around the tank. sometimes he 
worked with another diver to get her to 
move in a certain way. 

When she was hungry, Myrtle was a very 
cooperative subject. “Basically if you give 
her enough lettuce, she’ll go in whatever di-
rection you want,” Licht said. 

But there were other times that she just 
did whatever she wanted. Licht remembers 
that once he had to bodycheck Myrtle to 
keep her from running into the camera and 
f looding the housing.

Myrtle was a great example of a natural 
swimmer. analyzing her f lipper movements 
provided Licht with further insight on how 
to coordinate the motions of all four foils to 
drive Finnegan through a maneuver.

Observing Myrtle also prompted Licht 
to make a slight modification to Finnegan’s 
mechanical shoulders, allowing them to roll 
over a greater arc and improving Finnegan’s 
ability to make level turns. 

“Watching her do them, it was very 
clear what we were doing wrong,” Licht 
said. The shoulder modification also let 
Finnegan pitch up and invert itself in just 
two f lipper strokes.

With Myrtle’s help, Licht made Finnegan 
into a highly maneuverable auV that could 
perform aggressive maneuvers to avoid obsta-
cles and turn without losing speed. 

“We’d run Finnegan up to a meter and a 
half per second (3 knots, full speed) and aim 
it at the wall and basically two body lengths 
away, we would turn it on its side and do a 
banked turn.” You have to be pretty confi-
dent about your vehicle to do a maneuver 
like that. 

Licht admits that Finnegan is not ready 
for the open ocean. The way it is built today, 

corrosion would be a big problem in salt wa-
ter. and, even though Finnegan is designed 
to be autonomous and swim freely on pre-
programmed missions, Licht always used a 
tether, so that if there were ever a f law in a 
mission plan or some other kind of techni-
cal error, Finnegan could be pulled back in. 
a lot needs to be done before engineers can 
put Finnegan in deep water, let it get out of 
sight, and expect it to come back.

Learn from, don’t mimic
Licht likes to remind people that biomi-

metics isn’t about copying nature directly. 
“if you look at turtles, for instance, you’ll 

notice that they have much more strength 
sweeping their flippers under their bodies 
than pulling them up,” he said. “at first, you 
might think, ‘Maybe there’s some fundamen-
tal swimming property here —that in order 
to swim like a turtle, you must be stronger on 
the downstroke than the upstroke.’ 

“But you just have to understand that 
turtles have very different survival require-
ments than underwater vehicles. and one 
of the reasons that they need this strong 
downstroke is that they need to be able to 
pull themselves up the beach in order to 
breed. robots don’t need to breed; we build 
them from scratch.”

 
Epilogue

Licht graduated in June 2008 with his 
Ph.d. degree in oceanographic and mechan-
ical engineering. He now works with Vecna 
robotics in cambridge, Mass., design-
ing robots to rescue wounded soldiers and 
to work in hospital environments. He also 
teaches part time at MiT for an undergrad-
uate class on design of electromechanical 
robotic systems. Myrtle is still swimming 

circles around the giant Ocean Tank at the 
new england aquarium. Finnegan is hang-
ing around in the MiT Tow Tank and has 
been dry for several months—waiting for 
someone (and some funding) to use it to 
further advance auV technology and give 
Finnegan another chance to amaze us with 
its underwater acrobatics.

Stephen Licht’s research was funded by MIT 
Sea Grant, a Link Foundation Fellowship, 
and a National Defense Science and Engineer-
ing Graduate Fellowship. Jordan Stanway also 
received an NDSEG Fellowship and support 
from the Henry A. Jr. and Elisabeth W. Morss 
Education Fund.

J ordan Stanway grew up in the mountains 
and deserts of Colorado and Utah, but the 

call of the sea drew him to MIT as an under-
graduate to study ocean engineering. Now in 
the MIT/WHOI Joint Program, he works on 
AUVs in the Deep Submergence Lab at WHOI. 
He says he is fascinated with movement through 
water and hydrodynamics. In his dreams, 
groups of robot penguins cooperatively explore 
the ocean depths and leap out of the water to 
waddle back to the lab. When he’s not playing 
with underwater vehicles, Stanway likes to ride 
his fixed-gear bike around the Cape and enjoys 
any chance he gets to explore the ocean in person 
by scuba or free diving.

MIT graduate student Malima Wolf helps test Finnegan in the MIT Alumni Pool.
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How Finnegan’s �ippers move

The tiny tornadoes of water in Finnegan’s wake

As Finnegan’s flapping foils 
sweep through the water, 
they generate tiny eddies 
of spinning water called 
vortices. Different foil strokes 
produce different trails of 
vortices.

The thrust strokes create 
top vortices that spin 

counterclockwise 
and bottom vortices 
that spin clockwise. 

Together, the vortices 
work like cogs in a 

machine, pushing water back 
and propelling Finnegan 
forward.

This pattern is the reverse 
of the thrust pattern. Top 

vortices spin clockwise 
and bottom ones spin 
counterclockwise to 
create a wake that 

drags extra water along 
behind Finnegan and slows 

it down.

This is like the thrust wake, 
but deflected downward.  

The top vortices are stronger 
than the bottom 

vortices, pushing 
water backward and 
downward, lifting 

Finnegan up and 
pushing it forward.


