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RoBoat: Undergraduates Design Autonomous Surface Vessel
Young (607)

Last term six seniors from
Courses 2 and 13, Seth Clark,
Nathaniel Chan, Christina Go-
mez, Evan Karlik, James Sannin
and Nina Young, joined to-
gether to design RoBoat an
autonomous surface vessel with

an acoustic tracking system.

Ni na

This project began in the spring
of 2006, when the students of
2.017 were given an assignment
to enable a new method of
ocean observation by construct-
ing a small, autonomous surface
vessel capable of tracking a sub:
surface acoustic source. Ac- 2.019
cording to the design criteria, it
must demonstrate acoustic

Students at MI Tdo s

homing to a subsurface beacon amount of information included system and an autonomous
L2 * in their report Design of an control system. It was up to
navigation in a global frame Acoustitloming Autonomous the class of 2.019 to integrate all
(G.PS and c_ompass),_{_:lnq Way~  sSurface Vesseh 2.017, the of these sukunits, tweak the
point autopllqt_ capabll!ty in _Sea students developed a vessel final design, and to perform
State 3 conditions. This project design starting with a Wilder- tests to quantify its perform-

was an offshoot of the work the
ness Systems Pungo 120 kayak gnce.
2.017/2.019 class of 2005 had with a system of outriggers

\fve?s Terr)ylthgntkaI :‘jor. previo-:-Jsh ! attached. They also built and ;
yeards wor k n fieldtested an acoustic tracking  cgntinued on Page 2.

Faculty Spotlight: Dr. Franz Hover (in his own words)

I nterviewed by Ashley Cantieny (608)

What projects are you working o neuvering of vessels, and
currently? vortex-induced vibrations in
Simulation and modeling of the marine structures

Navy's new alelectric ship

(AES) technologies, control of  If you had to pick a favorite of
autonomous underwater vehi-  those projects, which would it
cles using feature maps to oper- be? Why?

ate in areas where traditional | think they all are fun!
navigation is poor, deepcean

underwater vehicle design, ma- Continued on Page 2.

Dr. Hover.

Towtank tgkstin
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RoBoat: Acoustic Tracking Autonomous Surface Vessel

This yeards 2.
pleted al the preliminary steps
in reaching a final and cost
efficient product. The team

built an autonomous kayak that in the Charles River proved the

is capable of navigating using
preprogrammed and real time
motor commands, as well as

navigating using GPS coordi-

c<MI'T 6s SNAME S
Presentation on February 8,
2007. Ultimately the team
hopes to collaborate with the
pervious year d
prove and fully integrate this
system as a useful product for
ocean exploration.

assure that the system could
deliver accurate and usable
positions for implementation
in the motor controls. Testing

success of these systems.

The details of these systems

nates and compass bearings. I can be found in the papdro-

addition, a short baseline
acoustic tracking system was
designed and developed to

Boat: Design and Field Testing
an Autonomous Surface Vessel
and Acoustic Tracking System

track an acoustic beacon and ta that was recently presented at

Faculty Spotlight: Franz Hover

The simulation work is espe-
cially interesting because it is a
broad new area for meWe

try to understand the behavior
of systems when there are
uncertainties in their descrip-
tion, or in their environ-

ment. When the models are
complex, we have to run costly
simulations, and if there are
many uncertainties, then we
have to run many of them; the
trick is to gain the most infor-
mation for the absolute least
computational expenseThe
longterm application is in de-
sign of complex systemslo-
day, such work usually amounts like most? (ie. r&d, building, tesi Teaching is also an important
to a collection of independently ing) part of my work. | really be-
chosen subsystems, operating | get really excited by new lieve students

safely within their specifica-
tions. Understanding of the
whole system can improve
performance and robustness,
and probably save money as
well.

Dr. Hover assisting the 2.019 students with their autonomous
kayak during testing at the sailing pavilion. Dr. Hover is one of the
instructors for 2.019.

world is at your feet. Process-  instruments and the machines

ing the signals and seeing a ne\ to appreciate

story unfold is very exciting. design; this has been our inten
in the 2.017 and 2.019 courses

Plus anything else you'd like to and their

talk about OE ancestors.

Which part of the process do you

data. If you have solid data, the have to put their hands on the | :

2.019 Students staying warm
while testing their kayak at the
sailing pavilion.

ol get 1
excited by new
data. If you have
solid data, the
world is at your

0

f eet
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Conducting research in the
field.
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Student Spotlight: Stephen Licht, Mastermind of RoboTurtle

By Vicente Fernandez (WHOI)

Stephen Licht, a graduate stu-
dent working with Prof. Trian-
tafyllou, has taken a round-
about path to his current place
in the Center for Ocean Engi-
neering. Graduating from Yale
in the class of 1998, he had
only recently decided he was
interested Ocean Engineering.
Originally, Stephen had be plan
ning on majoring in history, but
switched to engineering in his
second year when he found it
more natural for him. His in-
terest in ocean engineering was
piqued his senior year by talk
he attended by Dr. Louis
Whitcomb (now a faculty
member at Johns Hopkins).
The pictures of Greek islands
and idea of research cruises

caught his attention.

Between graduating and coming
to MIT, Stephen worked in a
number of jobs, moving steadily
closer to Ocean Engineering.
He started working in a com-
bustion research lab at Arthur
D. Little, and then moved on to
a coastal geology lab at Boston
College. As he was preparing
to go to sea in the Gulf of Mex-
ico, he was accepted into the
MIT-WHOI Joint Program,
bringing him to where he is
now. In between all this, he
even managed to spend two
months fulfilling a minor dream

as a Boston bicycle messenger.

As a graduate student, Stephen
works on the overlap between
marine animal locomotion and
control of underwater vehicles.
While the most common form
of marine locomotion may be
to use a single caudal fin, an-
other evolutionary path has led
to the development of flapping
foils for generating motion.
Think of penguin wings, or
turtle and sea lion flippers for
examples. These high aspect

ratio flapping foils are surpris-
ingly efficient and able to gener-
ate large forces very rapidly,
giving them advantages over
any swimming machine.
Stephen investigates the con-
trol needed to make an under-
water vehicle swim with flap-
ping foils as the sole form of

propulsion.

Recently, his work has taken
him to the New England
Aquarium to study the 600 Ib
green turtle named Myrtle in
the Giant Ocean Tank. While
a diver (unfortunately not
Stephen himself) lures Myrtle
with a piece of lettuce, Stephen
films the swimming behavior of
the giant turtle from several
angles. Using the video re-
cords, Stephen is reconstruct-
ing the precise motions of the
turtle fins. With the detailed
information Stephen will be
able reproduce them with a
single mechanical foil in the
MIT Towtank, measuring the
force they produce and visual-
izing the flow around them.
The motions turtles use for
swimming are not as simple as
one might expect and hopefully
this will go a long way to an-
swering why they use such

complex motions.

The lessons learned from Myr-
tle will also directly affect the
other major aspect of his work:
Finnegan the RoboTurtle. Fin-
negan is an underwater robot
with four flapping foils built by
Stephen, which he has been
teaching to swim and make the
most of its maneuverability.
Learning to effectively control
the nortlinear actuators is the
true focus of his research. The
full tests of Finnegan have
mostly been carried out in the
alumni pool at the Stata Cen-
ter, though a few were also in
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the Charles River. Working
with a large 500 Ib swimming
robot can lead to some unex-
pected situations, and
Stephends had his share of

those. The first time he got
Finnegan swimming in the pool,
he nearly dragged a friend into
the deep end:
Finnegan the RoboTurtle in
the Alumni Pool during test-
ol was using g
swimFinnegan towards the
shallow end, when | suddenl
lost communication with it and
yelled to Jeff pull the vehicle up
short before it hit the far
wall. | looked up to see him
sliding towards the water, lean-
ing back with feet firmly
planted in a tug of war
stance. Heslid about three
feet  beforebracing him-
selfagainst the ledge at the
edge of the water. | think he
lost track off how much mass
was on the other end of the
rope. | have to give him credit
for superb balance ... and for

not | etting go! ¢

ol | ooke
see him sliding
towards the
water, leaning
back with feet

Despite this and other small flrmly planted In

mishaps, Stephen has had many

fun experiences and successes a tug of war
with Finnegan. The result has
been an exciting research pro- stance.

ject and a very interesting ro-
bot.

Later this term, 13SEAS will be derwater robot?

hosting a demonstration of >Don'

Stephends Fi nneggn Pq%
. . to' come see théirs

boTurtle at the Alumni Pool in test. You never know if

the Stata Center. Come see a o

500 Ib robotic turtle swim you will a_ctually be able to

get the thing off the cart

gracefully through the pool . .
with four flapping foils. The and in tothe water in the
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date hasnot beefn TsSett Ryleac e .p |
keep an eye out for announce-

ments and posters.

Stephenfés take home | esson

from working with a large un-
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