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Abstract

We, the Falcon Robotics ROV Team have competedr@etMATE, Ma-
rine Advanced Technical Education, National ROV Chamghips and las
year’s 1st inaugural NURC, National Underwater Roboticall€hge . While hav
ing students graduate from the program, the design and tecimfacahation from
the previous 4 years was passed down to us. Based oegécy lknowledge w
designed and built this years rov for the 2008 NURC event.

The design used last year was very successful atuvameg and the w
decided to go with the vector drive propulsion system agi@is mounting of
horizontal thrusters at 45 degrees with respect to #mefrof the rov allows th
rove to literally travel in any horizontal directiofhis thruster configuration als
allows for exact “turning on a dime” ability when rotagi For vertical thruster
we decided to give the rov a little more lifting powed added two more thruste
in addition to the two existing thrusters.

Having on board batteries gives the rov another huge ay@iotr and ex
tremely small control tether adds to the controllaptif the rov. The rov is pow
ered by 24volt lithium polymer on-board battery pack. Thieeteis a fiber optic
cable handling dual two way data channels and dual one wey,\athd the widt
is a mere 4 mm.

The remaining features are infrared video cameras, tetuaper@nd soun
probe and the two mechanical grabbers, one parallel anathler a tri-claw to b
able to pick up a variety of objects.




Design Rationale

Based on the performance of the 2007 NURC entry, ROWhWAlee decided t
continue the strategy from last year and increase ttiealegpower of the ROV fo
this year. We again design the ROV to use motors posdiin 45 degree angl
to provide all the horizontal movements. Four thrissteould be used for horizo
tal movement and four for vertical movement. We decigdethake a four vecto
controlled ROV in order to improve our horizontal marerability and finesse
Using the four vector configuration of the thrusters waarldble us to move hor
zontally in any direction. We can do so by manipulatimg thruster power i
various combinations. The vertical thrusters would be usedave the ROV u
and down.

The frame of the ROV is made of
extruded fiberglass from Creative
Pultrusions. The reason we use it is
because of its durability, non corro-
sive, non conductive properties and
its ease to work with.

The ROV has on board lithium
polymer batteries and is equipped
with a fiber optic tether to the sur-
face for control. This will allow the
ROV to be extremely maneuverable
and almost not be hindered by the
tether at all.

This years ROV will have two
grabber manipulators to handle objects. One will be allphgrabber that will
handle objects that are flat. The other one will beraee-jaw grabber used to ha
dle any other abstract object. Both grabbers can badedeand retracted man
ally. Using two different grabbers will enhance our abittymove and relocat
objects during the mission.

The ROV is also equipped with 8 cameras, one drivee@mand 7 auxiliar
cameras and six LED lights banks to ensure visibilitgny direction underwater,

In addition to all the above mentioned featutbsre is one more that mak
our ROV unique. The electronics housing is designed based o gkeaxperi-
ence. The housing is transparent to readily seen¢ thie any leaks, and the ho
ing opens on two sides to allow ease of working. Theng-seal system is bas
on the o-ring system used by PVC pipe unions, only modiGeactommodate
square opening.
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Fiber Optic Tether Syste

Looking back at the last three ROVs that w#,lwe decide to use the Fib
Optic System again for this year's ROV Amanda. The mesralbility it gives our
ROV is phenomenal. Our ROV has an onboard power sys$ianistcontrolled b
the fiber optic tether. For our ROV we are using an l@tgonal Fiber Syste
VR7220 — 2DRDT that has two unidirectional video channels ad bidirec-
tional data channels. The two video channels allow usetw what two camera
see at once. The Innovation FIRST robot and operatdraiacan also communi
cate back and fourth to each other through the data chaatrtéls same time. Th
tether is able to carry both video and data channel aatime time because it us
two different wave length lights (1310/1550 nm). One lightsedufor the vide
while the other is used for the data channel.

The onboard fiber optic system takes the analog NVi€o signal and
converts it to a digital format and then transmitsithe surface where the fib
optic system receives the digital video signal and d¢evierback to an analo
NTSC signal and then sends that signal to the videutaro The analog data fro
the Innovation First Robot Controller is sent to tR& fiber optic system in th
RS232 format, where it is digitized and is sent to th&sarunit of the fiber opti
system where then the data is converted back to RS 282atfand sent to the |
novation First operator interface. The data travetb@nreverse order from the s
face back to the ROV for the bidirectional contradteyn communication.

[ Underwater on the ROV
Robot / or Fiber Optic Unidirectional Video
ROV Controller Transceiver Bi-directional data
Tether is 5mm
in diameter
[ ]

On the surface with the pilot : Fiber Optic perator] or

Transceiver Pilot Controller




Robot Control Syste

The control system used on this ROV is an Innovatiost Fiobot control
system that consists of the Robot and Operator Ineetfat normally use radio
signals to communicate, however we are using the téthgirre of the system to
control the ROV. We went one step farther than udwegstandard rs-232 protoc
and have incorporated a fiber optic system to replacestB82 protocol with a
digital fiber optic one.

"m ————— W SUTRUTE AW SO ——— R -, e =
Innovation First

T.,
?

FRC Robot Controler

Robot Controller Operator Interface

The control system for Amanda, while intended for uséaad, has been adapte
by Falcon Robotics to be just as useful underwater.coh&ol system has two
major components; the Robot Controller (RC) locatedmanda, and the Opera
tor Interface (Ol) located on the surface. The @ivas for up to four joysticks an
32 buttons to be plugged in at any given time. Note that fbgsicks may have,
in addition to a 'y and x axis, two ‘auxiliary’ axes (eaytwist and/or throttle axis)
The RC receives data from the Ol via a fiber opticee{See: Fiber Optic
System), and thusly acts upon the data according to th@uggam. Cameras ar
switched, motors run, and claws are closed, depending drvaloas are receive
from the OI, and what the user program specifies. Thgranaming language is c

m Victor Motor Spike Relay
4.8 Speed Controller




Electronics Housing

Our unique electronics housing combines fu
tionality with looks, making it the best housing we’
made yet!
We constructed the box with quarter inch alumin
that was cut using a water jet cutter, and half incarc
polycarbonate. We had the aluminum welded toge
and then had the securing holes and the o-ring grov
chined into it. The o-ring groove is for a 3.5 mm bun
ring. The holes in the polycarbonate and aluminum
drilled parallel with the o-ring groove on the aluminu
Using the quarter inch aluminum provides us with m

advantages. It allowed us to use high quality, w
proof bulkhead connecters made by Subconn; these
are connecters that connect outside components into
the electronics housing. We also were able to ma-
chine a little grove on to the inside edge of alumi-
num lip. We use this grove to put an o-ring that
would seal the gap and in addition to the o-ring we
would coat the o-ring with a thin layer of silicon
grease. This would ensure our electronics would
stay dry. Another benefit was the transparent poly-
carbonate, or Lexan, would allow us to look at theng-and to visually see if i
was sealed, and to top it all off the amazing crush esmist properties of th
Lexan and aluminum will guarantee our buoyancy will stayscstent throughou
the ROV'’s life, provided we don’t exceed the housings depihaity.

In the past we stacked all the electronic component®preach
other, but that turned out to be an unorganized messes® was defiantly roo
for improvement. To solve this we fastened a half inlebepof Lexan inside th
center of the housing. We used this plate to increassutace area so we wou
have more surface to secure all the electrical co
nents. We kind of made a double sides mounting
face. We mounted all the components on one sid
the other. Now we could see the electronics
glance. This method makes wiring a lot easier
spotting a problem less labor intensive.
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Battery Housing

The battery housing was designed
very much like the electronic housing in that
it uses an o-ring design very much like fthe
PVC unions you find at Home Depot. The
only difference is that there is only one dide
and it is considerable smaller. The housing is
constructed of 1/4 inch aluminum and it has
an o-ring groove machined into it to accqm-
modate a 3.5 mm buna o-ring. The cover of
the housing is a 1/2 inch clear polycarbonpate
that is bolted to the opening of the alumintmm
housing by a series of screws that run aro

the outside perimeter of the o-ring groove.
housing also has a Subconn bulkhead con
tor and an on off switch. The battery housin
mounted upside down for ease of remo
from the ROV due to that fact that the lithiu
polymer batteries must be charged out side
housing and individually.

The batteries are set up in a parall

series configuration. We have four 12 volt 5.7 amp/hebapacks set up in para
lel so that there is a unit of 4 batteries that mak2 =solt 22.8 amp/hr pack. The
is a second pack just like this one hooked up in seriesthattirst one just de
scribed. That yields a pack that is 24 volts 22.8 amp/hs Gikies us about a o

hour run time.




Underwater Camera

There are eight cameras on our ROV, Amanda, one daireera that is al
ways on and seven auxiliary cameras that can behagiton individually one a
a time. The auxiliary cameras are mounted in a fixeadipnscorresponding t
the view that they are highlighting. All of the camem® LCA7700c from
Lights Camera Action.

The LCA7700c is a new
camera from Lights Camera Ac-
tion, it was developed out of the
need for teams like the Falcpn
Robotics ROV team that need Ipw
cost, high quality underwatger
cameras. This camera is npw
found in many, many high schqol
team’s ROVs to university teams
ROVs. It is now starting to proli
erate into the commercial market
because of its performance gnd
durability. It is a color camefa
with a 0.0001lux. and 380 lines |of
TV resolution. The camera hous-
ing contains a ring of infrargd
LEDs to allow the camera to pro-
duce a black and white imape
even in total darkness. It is pow-
ered by 12 volts dc, has a 92 de-=
gree field of vision and can tolerate depths of 100 fe88aneters.

We can only have two video signals coming from the R®¥W¥ne time
due to our fiber optic system having only two unidirectional wideannels. W
have used this switching on of the auxiliary cameras befodeit works grea
because all the cameras share the same ground and vides, caity the posi
tive lead is connected separately to each one. The cobtroller with the help
of a switching logic chip turns on the positive leads aina time, based on pil
commands.




LED Lights

LED Lights are a vital component of our ROV. We néeeim to see i
the dark, especially in deep ocean water. LED’s are-égfitting diodes; mean
ing that they put out light energy, and diode meaning thamly travels in on
direction. On of the main reasons for using the LEBthat they use very littl
energy for the amount of light they produce. LED’s dousx a lot of energy t
function; they use milliamps. The other reason &t tihey are great for vide
cameras underwater because they

ate a dispersed light that looks natu
rather than traditional lights that cre
“hot spots” and cause everythi
around the light to appear dark.

Our ROV contains seven LE
clusters that contain 36 individu
LEDs each that surround the robot
allow for illumination in all directions|
around the robot. We have came
mounted in every direction and that
why we need the surround lights. Als
LED’s last longer than light bulbs.

The LED Lights that we used on our ROV had to, of cqun
water proof. Our procedure for doing so is to embed the cEBter in a clea
acrylic resin. This is the same kind of resin
you can get in a craft shop to embed sotyve-
nirs and such. We used a square plastic
mold and suspended the LED clusterg in
them while we poured the two part resir| in
to the mold encapsulating the LEDs., mgk-
ing sure that lead wires are sticking @ut.
After 24 hour we simply remove the molds
and you have an embedded LED cluster |that
is water proof!! And very depth resistqnt
due to little or no air in the resin.
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Electrical System

This year, like last year we de-
cided to use dual voltages. The thriist-
ers are running 24v DC and the res} of
the ROV is running 12v DC. The mdin
purpose of doing this was to give the
thrusters more power. Using 24 vqlts
gives the ROV 4 times the power per
thruster than running 12 volts.

In order to achieve the 24 vol}s,
we are using eight lithium polymer bat-
teries. Each battery is a 12 volt .7
amp/hr unit. There are 4 batteries put in
parallel to produce a 12 volt 22.8 arkpt
hr battery pack. There is a second
of four batteries that are wired in s
ries with the first pack that is put i
parallel to yield a 24 volt 22.8 amp/h
battery. This battery architectur
gives the ROV the power it needs t
provide maximum power to th
thrusters and provide the duration
operation needed to complete t
mission. The power conversion of 2
volts to 12 volts is done by a dc-d
converter. It is manufactured b

Power One and it is part of their mini con-
verter series. It can provide about 12.5 amps
of current at 12 volts, roughly 150 watts. It
is this device that gives our ROV an advan-
tage of performance over most other ROVS,
by allowing us to use the 24 volts to power
the thrusters and the 12 volts to power all
the rest of the electronics
The final note on the electrical system is thatwhele system is regu-
lated by a 40amp auto reset breaker, and the batteriesrdagned in a separat
compartment to ensure safer operation.

_
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Programming

The robot is programmed in C, and the program initiates \reerobot is
first turned on. After all the hardware is located amtalized, the program then
assigns them easy to remember names, each joystiakgge&times not only for
it's axis’s, but also for it's buttons, (e.g.: joy#tid y corresponds to the firs
joysticks y-axis, joystick_1_trig corresponds to the jaystitrigger) Subse-
qguently, the program enters an infinite loop, where tosstantly checking for
new input from the Operator Interface (See Controle&wykt This loop execute
every 28.8 milliseconds. If any input is received, therptiogram acts upon it a
per the user program, turning on motors, turning off motocs/)fato input is de-
tected, then the program does nothing and the loop starts ddes loop will
only end if the robot is turned off.

12
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Temperature & Depth Sensors

We needed sensors to help our ro
provide us with information from the inside o
the plane. We are using sensors from the N@-
tional Semiconductor Corporation, becau
tiey were just the most readily available par
\We needed temperature sensors and pres{re
sensors to complete this year’s mission and
chose to use the LM35 temperature sensor 4ad
LM324 operational amplifier to amplify the|
temperature sensor signal by 10x, converting millivoltpatuto O to 5V out-
put. We connect this to one of our analog input channetBeorobot controller,
which converts 0 to 5 V input into a value between 0 and 25%hwi could
then use to show the temperature we are measuring. Osugesnsor is the
Omega PX303-0305V. This pressure sensor measures absolute presswe
to 30 psi and delivers this information to us as a 0 - 5Vasigvhich we connect
to another analog input channel.

The LM35 temperature sensor can be calibrated in Celsigsich that O
deg Celsius is 0 millivolts (or Volts) output and that
the output voltage increases by 10 mV for evefy 1
deg C rise in temperature. The sensor has a .5 degree
Celsius accuracy.

We decided to use the snubber with |the
PX303-0305V pressure sensor to protect the [unit
from pressure surges

Hearing sound was the next obstacle we had
to overcome. Using fiber optics and the Innovation FIRSitrol system made
it a little tricky to get sound up to the surface. Sotden decided to buy an un
derwater microphone or hydrophone, made by Dolphin Ear. T Rmanda,
would have to take the hydrophone down in one of its arrhedo underwater.
The ROV crew would then listen through a pair of eamgeisao hear the under

water speaker

_
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Syntactic Foam Buoyancy Syste

The main method of establishing buoyancy for our ROV is gguSyn-

tactic Foam. Syntactic Foam is primarily
spheres filled with gas, stuck together by e

piece of Syntactic Foam located at the top
the top and the ROV and then we put
the weight at the bottom, hence mak-
ing our ROV stable and maintain its
upright position.

The Syntactic Foam on our
ROV has a made our work much eas-
ier than before. The foam is mounted
on fiber glass pieces by its corners.
The foam has a square-shaped hole in
the middle and it is also cut in half.
The hole in the middle enables us to
place and secure our electronic hous-
ing in it. For our convenience, the two
pieces allows us to take out the elec-
tronics housing whenever needed.

The specifications of our syntactic foam are as Vadlo

Density: 28 Ib/ft (449 kg/m)

Hydrostatic Service Pressure: 1,500 psi (10.34 Mpa)

Depth Rating: 3,300 ft (1,000 m)

*Our Syntactic foam produces about 50Ibs of lift.

composecc@fospheres, or hollo
poxy in a solidixma
The cenospheres are ma
with the shape of a sphere f
a special reason. A sphere ¢
withhold much more pressur
than other shapes due to t
fact that the pressure is di
tributed equally throughout it
Also, the cenospheres a
filled with air because thi
allows the foam to becom
buoyant.
Our ROV contains a larg
. By doirgwi@ have the buoyancy
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ROV Expenditures

Expenses of Amanda

ltem Quanity Price of Each Total Price

Stainless Steel Socket Cap Screws 1kilo $ 10.00| $ 10.00
Polycarbonate sheet 3-8 thick 1 $ 50.00{ $ 50.00

ABS Plastic 1 Sheet $ 40.00| $ 40.00

bolts 3/16 1 kilo $ 6.00[$ 6.00

LCA cameras 6 $ 225.00| $ 1,350.00

Chip cameras 1 $ 80.00[ $ 80.00

Tri Grabber 1 $ 1,200.00]| $ 1,200.00

Flat Grabber 1 $ 300.00{ $ 300.00

control boxes 4 $ 5.00{$ 20.00

control case 1 $ 223.00 |$ 223.00

fiber optic cable 40m $ 400.00 |$ 400.00 [Donated
fiberglass 141t $1.50 a foot| $ 21.00

FIRST operator interface 1 $ 850.00 [$ 850.00

First robot interface 1 $ 700.00 |$ 700.00

hose clamps 4 x 5 packs (12) $ 10.00 |$ 120.00

IFI reciever 1 $ 1,000.00 |$ 1,000.00 [Donated
IFI transmitter 1 $ 1,000.00 |$ 1,000.00 [Donated
LED clusters 7 $ 2125 |$ 148.75

lithium-ion batteries w/ charger 2 sets $ 1,215.00 |$ 2,215.00

monitors 4 $ 180.00 |$ 720.00

motor guide 12v 2 $ 150.00 |$ 300.00

motor guide 36v 2 $ 200.00 |$ 400.00

motor speed controlers 6 $ 158.50 |$ 951.00

nuts 3/16 1 kilo $ 6.00 [$ 6.00

PVC camera housing 1 $ 6.25 [$ 6.25

relay chip 2 $ 20.00 |$ 40.00
Scotch-case mold 5 $ 30.00 [$ 150.00

Seabotix thrusters 8 $ 393.00 [$ 3,144.00

spikes 5 $ 70.00 |$ 350.00

Subconn connectors assorted sizes $ 1,000.00 |$ 1,000.00 [Donated
switches and dials assorted $ 50.00 [$ 50.00

wire assorted $ 750.00 |$ 750.00

syntactic foam $ 700.00 [$ 700.00 |Donated
24v to 12v DC to DC Power Converter $ 190.00 |$ 190.00

Aluminum sheet, 1/4" thick 20 Ibs $ 150.00 |$ 150.00

$18,641.00
Total
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John Adams on the Edge

What is John Adams on the Edge? It is a new verdioineoROV in a box

that is under development for next year. It comes tith cameras, on board b

teries, two LED lights,

six thrusters and mot

speed controllers. It util

izes vector drive con

figuration so that it ca

go in any direction. Fal

con Robotics ROV tea

is experimenting with

this ROV in hopes that

list of parts will be mad

available with genera

plans for teams th

want to move up to th

next level but still don’t

want to start from

scratch. The goal is t

get the price at or und

$1000.00. A report o

the progress of the next generation ROV will be @mansand posted on the h
website.

The team is testing
it during this competition
to basically be another set
of eyes for the main rov
Amanda. It may help in the
retrieval of the vials and
the palm pilot. Hopefully
the new ROV in a Box will
be available for next years
NURC event. Oh yes and
the name, it encompasses
the three main people who
developed it. John Harris,

_
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