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| ROV gR's team

Our team is comprised of a dynamic range of indigld; both on the student side and mentor
The project would not have been possible withoutha& hard work from everyone involved. The

and determination to push ahead was what gaveeuspihortunity to fully realize our potential. E:
member was crucial to the team and brought speedknowledge in particular areas. R@Would
not be where it is today without the fantastic merstof our team.

Paul Ansteywas born in 1960 in Botwood, NL and was raisethm little town
of Embree. Paul attended Memorial University (&thns, NL) from 1977-80
with a concentration in Geography and Educatiora¢heng). In 1980-81, Pau
studied welding and automotive mechanics. In 1983&gan working for the
Department of National Defense at the Naval Dodktydfalifax, NS, as a
plater/welder. He is currently working for DefenResearch and Developme
Canada (DRDC) in a prototype shop. Three years hgowas assigned to :
position as a developmental mechanical technologdi&t returned to school Sep
2007 to study math and physics and will be retugrimthe NSCC this year to
study Mechanical Engineering Technology. He is redrto Trudy and has two children.

Student. She is currently working as a TradesTaahnologies Summer Studen
the Electronics Department at the NSCC. CheryhesNISCC Student Associat
VP of Finance. Her favorite part of this experiemees the actual hands on build
and assembly of ROM. When she finishes her program she will have tfor
hobbies again.

Thomas MacDonaldis 23 years old and a graduate of the Mechaningirieering
Technology program. He is self-proclaimed as thigdbést video game fan in th
world”. A large part of his free time is spent trgito finish the dozen games he h
on the go at any one time. Thomas has a strongesitan CAD related programs. H
hopes to start a CAD consulting firm down the road, he has the fire of thg
entrepreneur burning in him. He is currently emplbyas a Research and Desi
engineer at Clare Machine Works Ltd.

technician or pilot. For ROp&, his work consisted of devising a method of coflitig

ROVEer.

Kiho Song is 33 years old and in his®lyear of Mechanical Engineerin
Technology. He was a product designer in Soutre&obefore he moved to No
Scotia in October 2005. After Kiho became a pemnamesident in October 2006
he decided to go to NSCC in the Mechanical EngingeFechnology program. Hg
has excellent hand-sketching skills, advanced ski#lD rendering applications an
a unique ability to make a 3D rendering with a 2Dgoam.

NSCC ROV 2008 Page 3

— Kevin Pellerin is 20 years old and a graduate of the Electromiogineering
Technology program. Kevin plans on working in tharme industry as a ROV

ROVeR's motors and cameras using several microcontsollde also worked with the
Bedford Institute of Oceanography to produce theud boards which are currently i

side.
will
ach

Cheryl Hill is 27 years old, and is & Year Electronic Engineering Technology
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Technology program. He is also an electronics reegging technician. He
technologist. As hobbies, Rick enjoys studying vesi@e energy and doing sm

his field is electrical he enjoyed the mechanicgexts of the project. He is marr
to Lia.
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[l Abstract
The 2008 Remotely Operating Vehicle (ROV) projdacth@ Nova Scotia Community College pro
to be an exciting and challenging endeavor. Thenrgaal of the project was to engineer a R
capable of completing one mission with three takksresemble those in industry. The tasks are:
1. Measuring the temperature inside the smoker
2. Collecting lava rocks (Dive-weights); and
3. Retrieving the OBS (Ocean Bottom Seismometer).

The robot is affectionately named R@¥Remote Operating Vehicle for Emergency Recovery.

The construction of ROpk was carried out by the team and supported byetlim’'s mentors. RQOM
is an original design; a culmination of at leasefprototypes. Each part of the robot was care
designed, planned, created, and installed; relaggues were resolved as they arose. RQvas buil
with two concepts in mind: maneuverability and she®OVWkr measures 66 cm in width, 79 cm
length, 58 cm in height and is 16.3 kg in weightd as slightly negatively buoyant. The robc
construction involves a variety of materials whiclclude PVC, Komotex, and aluminum. R}
carries three cameras, two can change positionoaadfixed. A mechanical arm is used for s
object manipulation. There is also a balloon tip & the OBS. The horizontal motors provide §

ROVer is controlled by two joysticks and three switches.

Rick Thibault is 34 years old and is a graduate of the Eledtrtaagineering
currently employed with an engineering consultingnfas a junior electrical

8§ carpentry. Rick enjoyed documenting, designing, lmtting ROWer. Even though

of thrust each and the vertical motor provides N36f thrust, making ROM: quick and powerful.
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Vv Budget/Expense Sheet
Item Qty Source Net Cost TOTAL
Micro Delring Locking Sleeve, Female 2 Romor Atlarittd. $40.00 $45.20
Micro Mini Bulkhead 4 Pin Female &
Male 1 | Romor Atlantic Ltd. $251.00 $283.63
Micro Mini Inline 4 Pin Female & Malg 1| Romor Atlda Ltd. $144.00 $162.72
Kworld 1680 EX TV Box Retalil 4| Robotnic.Com Inc. @BR00| $298.32
Lynxmotion Pan & Tilt Kit/Aluminum 3| Robotshop Inc. $128.10] $155.79
Northeast Equipment
Supplies for OBS and Black Smokers nhatd. $229.97] $229.97
Cosel DC-DC Converter 2 TRC Electronics $291.64 $383.00
Trolling motors 6 Seamasters/Bes Ltd. $900.00 $1,024.20
Bulkhead & Inline 8 Pin/Locking
Sleeves 1| Romor Atlantic Ltd. $540.00 $610.20
62.5mm Hose Air OD-30.3m Yellow 1 Princess Auto $11 $13.55
PS2 Glow Controller 3| Buyers & Sellers Depot $17.97 $20.31
Amphenol Modular Connector 1P Jentronics Limited 1.36 $13.29
Ex-Cel Low Density hard PVC board 1 ND Graphics $31 $24.46
1.25cm Air hose - 30.3m 3 Princess Auto $31.83 $35.97
10cm Coupling 5| Home Depot $22.95 $25.93
Dura Foam 1| Pierceys $6.99  $7.90
Kepco RKE-48-32K Power Supply 1 Testforce Systemas | $905.00 $1,073.50
Dive weights & batteries Various Sources $118.21$135.14
Meals 12| pizza for dinners 96.44 96.44
Poster 2 | Kiho & Staples $200.00 $200.00
Tether 1 | Donated Materials $700.00] $700.00
Connecters 2| Donated Materials $1,200.00 $1,200.00
Canister 1 | Donated Materials $500.00] $500.00
Board Manufacturing 4| Donated Materials $300.00]  $300.00
Electronics 34| Various Sources $33/33 $33.33
|\TOTAL_ [ | | $6966.83 $7,572.85
Airfare Travel Costs $5,600.00
Accommodations Travel Costs $1,575.00
Meals Travel Costs $500.00
Van Rentals Travel Costs $1,400.00
Extra baggage charge for R@YV Travel Costs $200.00
Incidentals Travel Costs $200.00
\TOTAL_ [ || $9475.00
GRAND TOTAL $17,047.85
NSCC ROV 2008 Page 6




Vi Electrical Distribution
1. Power converters

The step-down switching voltage regulators wergailty connected directly to the positive 48V side
of the supply. This initial connection caused itufa due to the inductive load of the motors. fixo
this problem, we added capacitors on both the iapdtoutput sides of the supplies.

2. Relays

The relays were incorporated in the beginning todka all the motors. Our final design used the

relays for only the large submerge and surfacesteru There are diodes across the relays. Tagsre

are wired to represent a circuit called “H-bridgdiich inverts the positive and negative terminals.

-See Appendix A for Electrical Schematic-

VIl  Electronics Design

1. Imbedded Controllers

The general flow of the electronics system is shawAppendix A. Five microprocessors are used to

control ROWR, to transmit data from the RTD temperature semsul to display the temperature

reading. The imbedded controller used through ROY¥ the PIC16F88, an 8-bit PIC. Analog inputs

are read into the PIC using an internal DigitaAt@alog module. The microprocessors are sensitive to

0.472 of tilt from each axis of each thumbstick. Thumblssi from Playstation 1 console controllers

were chosen because they were available at arfydtmie and economical at under $6 Canadian each.
-See Appendix B for Block Diagram of Electronic Scematics-

Each of the 2 thumbsticks controlling the 5 moiera pair of potentiometers which have spring

would generate much more heat if proportional acdntrias used. Because the electronics canister is a
confined space, heat build up would be an issue PN motor control was used to increase R
reliability.

-See Appendix C for Block Diagram of Software Flow-
2. Overall System Layout
All of the microprocessor circuits are fused anérape using 12V. Each microprocessor circuit has a
LM7805 series linear regulator to drive its respecmicrocontroller. ROYr has two circuit boards
inside its electronics canister. One of these @sduas two microcontrollers. The first microcorti
reads in serial data which comes down the tethmn fthe poolside circuits. Some of this data is
converted to parallel data and sent to the seconditcboard. The second PIC on the circuit board
reads temperature data in from RE¥ RTD bridge circuit. The microcontroller transmil0-bi
serial temperature data through the tether’'s recéine. The temperature sensor utilizes a 3-wire
platinum 100 ohm RTD transducer. A bridge circaiised along with an instrumentation amplifier to
produce a voltage dependant on temperature. Thiageois read into the transmitter microcontroller
as an analog value. The system resolution of thB Banhsor is 0.06€. The second microprocessor
transmits the temperature data up the tether. €bensl circuit board contains six power MOSFETS,
which control 5 DC trolling motors. Both of the adrd circuits use the 12V output from the two
switching voltage regulators; the three circuitowab the waterline are powered by a 24V linear
regulator. Communication among each circuit utdiZ& L serial data; there are 8 data bits, no parity
bit and 1 stop bit.

Three more circuits are located above the waterbmeNTSC video signal generator circuit displays
temperature data in a readable format. The temyrera displayed on a separate LCD monitor, along

NSCC ROV 2008 Page 7




with motor data. The video circuit receives sedata from the motor controller, servo camera mount
controller and the temperature transmitter. Therogigntroller reads serial data from the tether
transmit line in and displays motor states and t&roperature values. The microcontroller reads the
transmitted serial data to the tether and sends Jighals to another microcontroller, the SV2000
distributed by Speech Chips Incorporated. To aiaddpturing the most accurate water temperature
from the RTD temperature sensor, a covered swi#alsed to store the current temperature value and
display it until the switch is reset to the off gmsn and switched again. The SV2000 video IC
generates the NTSC video signal which is sentk@Varld TVBox 1440. The TVbox module receives
the NTSC video signal from the video IC and coreérto a VGA video signal. The VGA output is
then sent to a LCD monitor.

VIII  Design Rationale
1. Structure

Our first few meetings consisted of discussiongmeimg to the missions, including specifics such as
measurements and the order we wished to complete ith. As a result of this, we came upon our first
shape, dubbed “Swiss Cheese,” shown below in Figa3ed on the intended placement of the RTD
and the original three thruster design, this desige proposed, but was later scrapped when we found
we couldn’t get the maneuverability desired.

After several proposed designs and referencingddgsgn of the school team from last year, we
discovered ROWr. The final design allowed for thruster stabiliegntralized buoyancy on the upper
part of the structure and sufficient space for ntimgntools (manipulator, OSB retrieval system, and
temperature probe).

Our final frame is constructed of %2” PVC piping aadaid out in a rectangular fashion, typical
industry, and this design was chosen for a coupteasons. A rectangular design lends itself tio,
horizontal and one vertical motor set up, whictbadanced for weight, size, and thrust distribution.
Mounting motors in the vector formation allows aw&ide array of motion. PVC provides a great
compromise between strength, weight and price isp ¢bupled with a looming due date, resulted in
the decision to keep the frame as is, as opposeeltting up an aluminum frame. The vertical thruste
iIs mounted via a triangle PVC frame on two sideeyiding a great amount of support. Between the
PVC piping and motor on each side, is a piece gfoBiam attached with a hose clamp, and this
allows us to adjust the position of the motor ie #vent that bending or deformation of the frame
occurs.

——

Fig 3 — Original structure 'design, “Swiss Cheese.”
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2. Thrusters
a. Motors

We decided to use a total of five motors on RQMour in a horizontal vector formation placed at
each corner, and a single one placed at our expeetater of gravity. The motors were ordered and
when they arrived, we decided to waterproof thenerisure they stay dry even at great depths. We
removed the cotter pins and allowed the props toecoff, which gave us access to the case screws
and subsequently the inside of the case. We addeng® and closed the casing back up. After that,
we inserted a two-part epoxy solution mixed witttldi bits of cotton into the wire shaft until it
hardened and provided a tight seal, even when iheswvere pushed and pulled. We allowed the
solution to cure for 24 hours; and as a result \@eehfive motors waterproofed and capable of
performing at large depths.

b. Shrouds

After several field tests, RQ¥ required more control for precise movements to suea th
temperature from the smoker and to insure it wasdaough to complete all missions on time. That is
why ROVer required shrouds. The shrouds we constructed begé#m 4 inch PVC piping.
Unfortunately, the propeller blades were slightg big, so we improvised by adding a lip of flesbl
material called Komatex around the outer edge efpipe, mounting it in such a way that the lip was
the only part surrounding the blades. Komatex wassen because it is affordable, buoyant, and
durable; capable of withstanding thruster vibratama propellor pressure drop. This provided us with
the half centimeter clearance that we were aimmrg ©nce mounted, holes were drilled on the
shrouds 90 degrees from each on the side of therrpposite the prop and four bolts were inserted
as a way to center the motor within the static stiysimilar to the common style of Christmas tree
holders. As a result of all these designs, we leajastable, low cost, effective shrouds for ourrfou
horizontal motion thrusters (See Fig 4).

We placed shrouds for two reasons; we wanted torerikat the props and environment would be safe
from one another. We do not want a motor to getragsd, a tether ruined, or have a team member
injured. The other reason is based on thrust;ithdb ensure the water that the motors treadnedi

in a single direction, providing a motor which wiiirust in the direction intended and that an ogti
pressure drop is experienced as the prop pusheg \&ater, thus providing an ideal push and pull
effect.

Fig 4 — Thruster shroud fully assembled and exmlodew

3. Servo Cameras
We knew from the beginning that a clear view undgewnw was going to be required to complete the
missions. As such, we constructed our servo cdatrocbmeras with the capability of panning and
tilting 180 degrees. They are controlled via thustioks, with movement based on the width of the
pulse sent to the control terminal. The 5V cameraside the ability to get a full view of all aspso©f
ROVer and the surrounding environment and also allowtipialviews of each of the props. Pushing a
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thumbstick off its center position modifies the troh pulse’s width by increasing or decreasing the
rate at which the pulse’s high time changes. The cd change is proportional to the amount of
displacement of the corresponding wiper from itstee position. This allows the user to change the
rate at which the cameras pan and tilt. Camereepiant was chosen to compliment this range of
movement and one static camera was also placedediop of ROV to allow a static view of the top

of the smoker, to assist with temperature measuren#dl three cameras used on our RE\are
recycled from the previous year’s entrant and deisision was made because they provide a common
video hookup, have a small footprint, and providakailous picture underwater.

Each of the four servos used required waterpropfing this was achieved following instructions from
a YouTube video titled “How to Waterproof a Servdlie process began with removing the screws
and then covering the exposed electronics with gaductive silicon. We then removed the horn
briefly while we put two O-rings underneath it. Mnal oil was then put inside the gear box using a
syringe, O-rings were put under the screws andthxescrewed shut. The last step was to put silicon
around the wire grommets, to ensure a strong seal.

4. Tether
With our initial design, our tether was bulky anotaining neutral buoyancy was difficult. However,

Romar Inc. donated a 15m long used tether that skghtly positively buoyant — perfect for our

application. The gauges and number of wire in #iber were adequate for our application and we
designed our communication and power transmissasedb around this. The tether has eight wires
inside: two 18AWG, one coaxial cable (coax), am& 2OAWG (surrounded by a shield), and on one
end of the tether the shield and outside of thex @wa connected to reduce the electrical noisetktgat
motors make when switching on and off.

5. Buoyancy
The adage “what goes up must come down” does ruy ap the buoyancy world. The volume of

enclosed components adds to the positive buoyaiayehicle. This does not pertain to the pressure
inside of the components. The total weight of hisle adds to the negative buoyancy.

6. Canister / Connectors
With the discovery of last year's electronics cmithat was not working due to seal failure, @akt
was to design a canister that was well-sealed jusbtaround its cover, but around each conneator o
the canister. After connecting with a ROV expenr team discovered a previously-used canister.
After admiring its structure, we were ready to dasour own only to discover that the canister we
received would be adequate. With industry’s heip, got two new connector holes milled into the
cover after purchasing new connectors and gettsagl connectors for our canister. The connectors
were all inserted with the proper O-rings and Qrmmease, and were sufficiently tightened.

7. Task Tools

a. Manipulator

This area of expertise required several designaréefrriving at the final product. Many of thetial
designs were conceptual but did not come to fruitidhe manipulator is designed using three pistons
two in unison to rotate the arm from full extenstorl40 degrees of full retraction. The third prsis
designed to close and open the manipulating gripfféh the gripper in its fully opened position;st
designed to roughly guide the vehicle along a smitlermal vent. The manipulator arm in its fully
extended position can be guided to collect hardbiaé lava rocks (dive weights). The figures below
depict the manipulator arm in various positions.
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Fig 7 — Manipulator Arm

b. Pneumatics

The choice between using hydraulics or pneumaticsdrious aspects of the ROV was one that came
up early. We settled on pneumatics for severaloresmdHydraulic systems are great because they allow
for a fine level of precision because the workihgdf, usually petroleum based oil, or as was oanpl
water, is fed in slowly, with results in a slowlgcdasmooth extending cylinder. With the working @ui
being pumped in, you can throttle the strengthhad tylinder by controlling the speed of the pungpin
pushing the fluid. Pneumatics offer a differentiopt with air being the working fluid, when a
pneumatic cylinder is energized, air rushes in tedcylinder extends very quickly. Based on the
requirements of the missions, hydraulics would séerbe the way to go, but they have a couple
caveats. Hydrualics would require bilge pumps andekectrical control scheme which creates the
potential for serious malfunction and error. Thesupled with the fact that we can take away the
advantage of speed and precision with a properlyigded manipulating system, told us that
pneumatics would be less problematic, easier téeément, approach.

Our final system uses three identical flow contralves, which are push button controlled, and @n th
surface of the water, near the pilot. The benédfihis system is that there is no electrical congrric
it, it frees up a lot of space and weight on thev\R@nd if a valve has a problem, we can switch 8ose
up top-all while not adding much weight or resis&to the tether.

-See Appendix D for the piping layout of our pneumtc lines-

c. Temperature Probe

Our RTD is placed dead center in front of RQ\and approximately 230 mm away from it, with the
tip of the RTD approximately 600 mm from the groumdis position allows it to enter the smoker to a
reasonable depth and provide an accurate tempenaading. The design is a static one in that the
RTD will never move and relies on the precise mgwhthe RO\r to feed it into the hole. The RTD
consists of a temperature probe, an aluminum dsassa PVC rim, four polycarbonate secure bars,
and two support rods (See Fig 8). The rim wasteckfrst, this is slightly larger than the capté
smoker, to insure a snug fit. The secure bars thene attached to the rim to act as a guide farecbr
positioning when attaching to the smoker. It shdaddhoted that as the material used was transparent
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a red sticker was applied to the inside edge ofi sacure bar to maximize visibility. We decided
this method for a variety of reasons with the maire being that it has no moving parts and
electrical component, save for the RTD itself, tse@mains simple yet functional, while not provigl
very many avenues for failure.

Fig 8 — RTD system

d. OBS Recovery System

to assist in lifting, and a way to ensure that wegka grip on it, as the balloon will inflate tb iin the
gaps, providing a strong grasp (An angioplastyhésrhethod of using some mechanical device, in
case, a balloon, to widen constricted blood vestelallow implements such as catheters to
through.) The balloon is filled with air from a ®ilon the surface found down below along the tet
and is exhausted via the 2 way valve on the surfdpen testing, both aspects we wanted to ach

we required. The figures below depict RE\bringing up the OBS using a balloon as well asoaeh
for our design.

Fig 10 — OBS rcovery balloon in action
IX Challenges

The biggest challenge that the RgMeam encountered was time management. Since @\
project was not part of the team members' curriogluand due to the busy schedules

a significant amount of time to finish the projecfor instance, in one case the team worked fo
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After watching an episode of the drama “House, NiDivhich an angioplasty was performed, the idea
was formed to put a balloon in the bottom sectibthe OBS and inflate it, providing both an avenue

this
get

her,
ieve

with our balloon were realized with as little ask®a was able to provide us with the power anddpee

R
and

commitments of the members, it was a challengeally the team to work together at times that
worked for everyone. However, when push came eweshthe team managed to re-group and commit
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hours straight after regular business hours tdR@®¥er working.

different iterations and discussions on varioug$ypf arms, and coming to a consensus was very rare
Perhaps this is a challenge that is necessaryissstia very valuable component in relation to the
performance of the ROV and a lot of thinking shogddinto it.

X Troubleshooting

The following are two examples of our trouble-shogimethods:
When our hamburger flipper (shown below in Fig WAk finally constructed, we put various amounts
of pressure on it, which would certainly springpfien, but when retracted, did not provide enough
force to kick the dive weight off. We realized iasva power issue, in that we weren’t providing an
appropriate moment arm for the kicker to act atwsoadjusted various lengths from the hinge in an
effort to increase advantage, and while it did ajpge rise up more, it wasn’'t performing as we had
hoped, so we scrapped it.

On the night that we first mounted our circuitrythim the canister, upon testing we discovered that
while power was being received by the thrustersfopmance was lackluster or almost non-existent.
After various disconnects and reconnects, we beégarg continuity tests. We took a multimeter
set it to diode check mode and began checking atioms to ensure that the board was sound,
was signaled by a beep if they should be conneatedino beep if they were not connected. Using this
method we found our loose wire and subsequentlygothrusters working the way he had intended.

Xl Previous Designs
1. Hamburger Flipper

Design: The original idea for a manipulator arm, the gl consisted of a double acting pneumatic
cylinder with about 13 inches of travel. Attachédre end was a 5 inch square piece of stainl st
with an inward facing lip and with another thin shef stainless steel attached at the side via
hinge. In the bottom of the thin square of stamlgteel was a hole which allowed an L shaped méce
metal to protrude, thereby flipping the top. Seg Fl below.
Rational: Mounted in the proper position, the intent wagptsition the ROV in such a way that the
somewhat flexible flipper could extend out and unaelive weight, catching it and keep a hold of it
via the lip. Once secured, the flipper would retrédting the L shaped piece of metal, causingit
rotate through the hole in the bottom of the squéeee on the flipper, which push the hinged part u
along with the weight and cause it to fall intar@tegically placed basket.
Why it failed: Although the team felt we had hit a home run, lenpentation proved more then
difficult. The overall footprint of the flipper mea mounting it was difficult and angling it jusigh
and keeping it there was equally frustrating. Owesfinally managed to get it mounted we found that
with even 40 psi, the flipper was not able to ptiehbag off.
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2. RTD Tape Feeder

Design: The RTD tape feeder consisted of a plastic frawmtech housed a spool, which was free to
rotate, and that had a piece of an old tape meadtaehed, which was fed out a hole at a 90 degree
angle.
Rational: With precise maneuvering, the ROV would be moired a position such that the feeder
would be located over the smoker, and with the Riffached to the tape, a motor would rotate the
spool, feeding the RTD into the smoker’s hole.
Why it failed: The tape feeder did not fail, but it brought @oa level of required preciseness and
complication that the team felt could be improvedm The design was great and interesting, but we
felt that we could implement our temperature privba simpler way, always in our continued effort to
avoid malfunction and breakdown.

3. Fork Lift Blades

Design: The forklift blades consisted of two 7mm piecésvood, with 3mm aluminum plating on the

top and bottom and spring loaded hinges with ari.lmg piece of aluminum plating screwed onto
each hinge. They were mounted about 5 cm apatheback bottom frame piece of PVC. See Fig 12
and 13.
Rational: With a properly mounted camera providing an isoimeriew out the back of the ROV, the

blades would slip through the space on the OBS) wie hinged aluminum collapsing down and
springing up when it finally came out the otheresiwvith it properly secured, the upward thrust moto
or an inflatable balloon would provide enough fot@éring it up to the surface.
Why it failed: While the idea seemed good on paper, it was awkwath in its construction and its

performance. Having them screwed into the framthefROV meant that it was almost twice as long
and this proved to make transport and storage dalcba. When we finally arrived at the pool,
maneuvering the ROV well enough to insert the Idadeproved to be more difficult then anyone had
expected. With more time and planning, improvemewoisld’'ve been made and functionality could
have been realized, but it was decided that we dv@kle it in a different direction.

>

Fig 12 — Fork Lift blafdén ROV  Fig 13 — Fork Lift blades in “action”

Xl Lessons Learned

The amount of knowledge we have gained as a restliis project is immeasurable, but there are
certainly specific things we would suggest to artdéar next year’'s competition.
* Be wary of which terminal is going to which, as &take at this point on a day where the
team’s electronics tech is not available will résual a lot of wasted time and even more
frustration. Pay attention to details and alwayssoder the little things.
* It is important to assign a team leader before wamkthe project gets started. As well, a
project charter or description, along with milegtatates and critical paths should be prepared.
Having an explicit schedule is a necessity as ltpaihist of dated tasks allows for proper plan,
and will help in the event that someone requiresstence.
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e Our milling machine at the school broke the sameetive were ready to mill our electronic
boards. Thankfully, our boards were milled forbysBIO. Once the milling was completed,
the boards were populated and tested, and we diszbwne did not work, and as a result of
added materials the boards would need re-millingviRly a contingency plan in place is
crucial, as little mistakes or issues that havenmmediate solutions can put you behind weeks
and weeks, as our would have, had it not been lfOr B

Xl Future Improvement

The PICs (Programmable Integrated Circuit) usedhm video and control circuits proved to be
inadequate, due to the PIC16F88’s pin count. TIGLBF887A would be a much better choice for this
application. The PIC16F887A microcontroller hasataifity for up to 4 pulse width modulated outputs
which could be used to control the servo motorgHer2 camera mounts automatically. The PIC16F88
has only 1 PWM output. It was easier to disable timule and create a function which would
accommodate the PWM signals needed. However, dtieetprogram flow, this function causes the
servo motors to vibrate for up to 5 seconds after gervo motors stop moving. The RS-485 serial
communication protocol could also be used withRIH&16F887A to increase the data rate. This would
shorten the time delay from when the onboard micogssor circuitry begins to transmit data to when
the other receiver microcontroller would receivewndata and update the motor states. The
PIC16F887A could also be clocked by an external RDMrystal; program execution would then
increase by 150%.

With more time, we would like to construct a framé of aluminum. The current shape is functioning
as we want it to and it would not change, but ifdmaut of aluminum, it would take up a smaller
footprint and be lighter. With a smaller, lighte©OR, transportation would be much easier, and we
wouldn’t require as much buoyant material to bagamout.

We would like to construct a pneumatic system wiuphkrates below the surface if it designed in such
a way that it can be easily replaced in the evémt filure, as the advantage of only having two ai
lines going down as opposed to five is only worthevlif you avoid potential space and electrical
issues, and only if the time is there to implement

XIV  ROVs and Mid-Ocean Ridges

What is a Mid Ocean Ridge?
Mid Ocean Ridges are the results of the crossingeparating of the tectonic plates of the Earth. As
the plates move away from each other (creating)gapsas they move closer to one another (creating
shelving), magma is released from the Earth’s opréo the ocean floor, where it becomes lava and
hardens, forming a new crust. The result is a rigigeeally 1 to 2 km in height.

Fig 14 — Example of a ridge formed as the resuflafte shifting

Who gets to explore the hydrothermal vents?
On March 27, 2001, a team comprised of engineeopdist, chemists, geologists, geneticists, and
microbiologists embarked on 37 day expedition athdhe RV Knorr, five years in the planning, to

explore hydrothermal vents, in an effort to locatack smokers in the Indian Ocean. The team
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consisted of three sections: the scientists, heagedindy Dover, the engineers, headed by Andrew
Bowen, and the crew of the Knorr, headed by Artalburn, with all teams being assisted by Jason,
the ROV. The final destination of the trip, floaimround 25°00’'S and 69°00’'E, was chosen as the
result of data acquired by Japanese scientiststtagid ROV Kaiko in August of 2000, when they
explored hydrothermal activity around the Centralian Ridge.

What value do the vents offer?

With new crust and ridge being created every yaho(t 2.4 square km worth) all over the ocean
floor, brand new opportunities are being createdckvlare just waiting to be explored. The main
question the team set out to answer was whetheoblife which exists around the ocean ridge is
uniform, i.e. plant and animal life at one pointtbe ridge is similar to ridge life 100 or even Q04n
away. Similarities or differences in developmenttgras of plant and animal life around ridges could
answer guestions about evolution or genetics on @ase new questions we haven’t thought of yet.
Knowledge created as a result of these expeditansexplain periods of history dating back 3 miilio
years and can drive the study of biology.

What did the team achieve?
The team discovered some very fascinating thingswBen the two sites they managed to visit, very
different things were happening. The sites, withD0 km of each other, exhibited very different
conditions including biological and environmentBifferent types of fish and microbes would be
plentiful at one location and be scarce or nonterisat another. Smoker temperatures would di

over 600 water samples from various sites, and gaaks full of tissue samples and speci
specimens so valuable the biologists refuse tthésh leave their persons.

ens,

Who couldn’t they have done this without?

Jasonis a two-body ROV system. It consists of the maidyp equippe
with sonar images, water samples, video and stlneras, and a
manipulator arm capable of collecting samples okydiquids, and plant
and animal life. Coupled with this is a system mefd to as Mede
which acts as a buffer and shock absorber to ptdfierrocky motion of
the ship from transferring down the 10 km fiber ioptether whic
connects Jason to the surface. Madea is also aga@vide lighting an
a bird’s eye view of Jason operating on the océaor.fMost dives wit
Jason last around 20 hours, but some have beennktolast up to 100
hours. Jason’s design has been around in varioussféor 30 years and
has been used to exlore everything from the RM8nigtand to a 1600
year Roman trading ship. See Fig 15.

Fig 15 — Jason being
lowered into the water

Kaiko is a Japanese ROV consisting of 4 horizontal terasan
4 vertical thrusters and was designed for deepnsearing an
ocean floor surveying. It is equipped with 6 vid=omeras, a still
camera sonar based avoidance system and sampktsaslk thi
is equipment is controlled on the surface and g seer the 7 k
fiber optic line which is how Kaiko communicategeS~ig 16

Fig 16 — Japanese ROV Kaiko
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Is team ROVgR really that different?

Epiphanies are fantastic, but they are only of @alfier they come to fruition. One thing engin
not like to do is play the waiting game, and sgtion your hands while you wait for a part or
component to arrive from a manufacturer is vergthating. The dive and discover team was forced to
deal with a shipping error which ate up 4 daysajwn already short trip. It makes it even worsemh
the part you are waiting on is hindering furthevatements of your task or mission. Our tea
this pain when we were waiting for components tp Himish the construction of our power sup
something that we could certainly work around, $tilt of enough importance that key decisions had
to be halted.

When everything is laid out and you are ready & teto your work, the last thing you want to se
light that is supposed to stay lit go out, or havearm stop responding. Mechanical and electrical
failures are both realistic parts of the desigrcpss, but that doesn’t make them any less frusty
deal with. Jason had to be returned to the sutfaee times as a result of a malfunction or palrfe,
and while not cataclysmic, it did result in a feand) nights for the engineers aboard. Whether é is
broken temperature probe, or a machine read ottaghzears to be gibberish, exploration had to be
halted until the gear was where it had to be. Wiierhad our board layout finally completed and we
were ready to mill them out, our school’s boardlingl machine went on the fritz. While ecstatic that
the boards were finally ready, we were devastateelnwe came to the conclusion that yes, the boards
are in there, but our motors are not getting amygro We stuck it out until 5 am, but decided we
needed 3 hours of rest, and went back at it at 9Csaling with part failures teaches you to prepare
and helps you to learn to avoid other problem&anfuture.

A tool belt with nothing but hammers is certainliy use if you have lot of nails around, but good
carpenters know that they need a variety of toolseally attack a broad problem. The dive and
discover team is no different. They could have dmmtyught along 50 geologists but they really would
not have been able to fully grasp the wonder otradl life around the smokers. Conversely, the ship
could be filled with nothing but biologists, buteth the full gamut of the environment would go
unexplored. The dive and discover team understbatithey required a broad range of scientists to
examine all the different aspects of the environimmnthe ocean floor. Our team is comprised of
people with many different backgrounds and expessen We have mechanical, electrical, and
electronic engineers, both first and second yeat,aawonder kid do-it-all who is great with a pe&nci
and paper, when hashing out ideas for arms, benas better with a lathe, when we need those ideas
to come to life. To be truly successful, you neeewry diverse team.

Ocean Ridge Report Resources
Fornari, Dan. "Daily Updates." Dive and Discoved03. Woods Hole Oceanographic Institution. 28
May, 2008. www.divediscover.whoi.edu/expeditiondAr.html
T, Murashima. "ROV Kaiko - Future Plans." 2004. 3tn. May 23, 2008.
http://www.jamstec.go.jp/jamstec-e/rov/pdf/kaikpd.
Unknown. "Mid-ocean ridges." Wikipedia. 2008. Wiledia Foundation, Inc. 26 May, 2008.
http://en.wikipedia.org/wiki/Mid-ocean_ridge
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XV  Reflections

Working on the ROV over the past 7 months has icdytheen the most rewarding thing many of us

have been involved with thus far in our academieea At times, we felt a level of frustration f
students get to experience in their school lived,ib the end it was certainly worth it. Gettinge
opportunity to receive crash courses in variougcgfyfom programs different from our own was g

ew
th
reat

because all team members have such broad intaredesires to learn. The opportunity to work with
both first and second year students from prograrogeg to be a great learning tool for all members.

Balancing family and personal lives, work, and studies, while finding 8 hours a week to work

on

ROVer was difficult but as a result we all have mucloisgrer time management and communication

skills. With many of the mechanical and electricaiponents being put together and not coming
a store shelf, the team has a very large sensecofigplishment. ROMz is complicated because of
simplicity and being able to produce the resultsdiek using the technology and budget we had,

from
ts
was

very satisfying. As a group we were able to overe@most obstacles using team work and as result,

we are better students, and better people. We wigie students around the world would ge

t to

experience the excitement (and the frustratioeshg involved with the ROV project and we cannot

recommend it enough.

XVI References

www.marinetech.org MATE site

www.google.ca parts search

www.ti.com Texas Instruments for free parts
www.pactecenclosures.com enclosures

www.youtube.com servo waterproofing video titlétbtv to Waterproof a Servo.”
WWW.maxim-ic.com parts

www.trcelectronics.com cosel DC —DC converter

Www.tyco.com 15 Amp general purpose miniaturayel
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XVII  Appendices

Appendix A: Electrical Schematic
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Appendix B: Electronics Schematics

POT 2 SET{ [-4——OPOT DEF Y
POT 3 SET2 |-2——OPOT AUX X
POT 4 SET2 [-&——OPOT AUX Y
SW1 -T—x
swi —x

7T

CONNECT TO 2 THUMBSTICK MINIBOARDS

ME— T 1
vee (———0
POT 1 SET1 ———OPOT DEF X

TTLo———41 1x

TTL RX 0——— 31 RX
= TEMP PROBE MOVE 0———2- pRog
GND
: HEADER 4_0

- 4 I 2 I 2 T
12v
o
" F1 D1 ut
= 5V
vee Q
GND T . 1 1
R1 c3 c4 5 c2
o = 1N4004 120R 100u 100u 100u 100u B}
PWR CONNECTOR 02 LM7805C/TO220
P 1N4004
= D3 = = = =
LED 5V POWER
X
I CONNECTOR 2 THUMBSTICKS = = =

PIC16F88 MAIN

us
POT DEF X o————— 1T pap RBO/INT
POTDEFY o——— 18 gy RB1
POT AUX X 0o—————— L1 pp> RB2
POTAUXY 0—————21 RA3 RB3
TEMP PROBE MOVE 0——3-bRraaocK! RB4
RB5
OSCH/CLKIN RB6

DISABLE ZO—IL'OSCZ/CLKOUT RB7

DOWN HOLD 2 o——4-{ iR

8 OEXTRA 2
& —oTTLRX
[0 " orev2

HL ot Tx
12 ouP HOLD 2/cAL
2 OSERVO SPEED 2

5v 5v s5v 5v s5v a
5v
b L 14fvp B ]
5v
ERVO SPEED 1 DISABLE 1 UP HOLD 1/CAL DOWN HOLD 1 REV 1
B B
ERVO SPEED 2 DISABLE 2 UP HOLD 2/CAL DOWN HOLD 2 REV 2 EXTRA 1
R2 R4 RS R6 R7
5k 5k 5k 5k 5k EXTRA 2
R8
= = = = = 5k
H 3 H
i ) a1
EXTRA 1
SERVO SPEED 1 DISABLE 1 DOWN HOLD 1 EXTRA 2
SERVO SPEED 2 DISABLE 2 DOWN HOLD 2
410
42 REV SW
a|  SERVO SPEED sw DISABLE SW DOWN HOLD SW A
UP HOLD 1/CAL ke
VP HOLD 2/CAL hav ROV: MOTOR/SERVO CONTROLLER
[Size | Document Number Rev
UP DOWN SW A | POOLSIDE, PCB #3 A
REV SW
Date: Sunday, June 07, 2008 Fheet T of 1
5 4 | 3 2 1
5 I 4 I 3 I 2 I 1
F1 D1 U3 LM7805C/T0220
12v o——o M\ _o Pt . 1 1 1 ? 1 ouT 1 1 1 o5V
D2 c7 cs ce c10 c3 c4 cs cs
1A 1N4004 1N4004 100u 100u 100u 100u 100u] ~ 100u 100u 100u
o = = = = = = = = =
13
RX MASTER 2
us PIC16F88
1 rao RBO/NT |F-——0RB0  RBIo—Z—| M1
RA1 RB1 [-——ORB1 ;:‘D—E— M2
RA2 o—S M3
0—2- RA3 RB3 F2—ORB3 RAO—4{ Mz
RA4TOCKI RB4 [-10—ORB4 RAD—3{ VIRTUAL_M5
RBS < RAD—2— VIRTUAL_M6
OSC1/CLKIN RB6{—12—ORBS GND
- OSC2/CLKOUT RB7 [H2—0RB7 =L
- CLR -
DATA IN
SIGNALS BREAKOUT Voo o
RB2 5
4 f
1 . 18 = fe
+
Ra TX MASTER
v ut PIC16F88
RED 16
RB4 TEMP oUTo—1I rao RBO/INT
GAIN RESISTOR RB3 RX SPEED ANALOG RA1 RBA
RB1 TX EXTRA 1 TX EXTRA 20— RA2
J15 RBO STX EXTRA 2 <—2 RA3 RB3
& —2bRagTock RB4
4 RB5
COM 1 = 18 boscicLkin RB6
COM 2 SERVOS HEADER TXEXTRA SW =18 boscaiclkoutr  RB7
OPP 1 s—4{ MeLR
5v
sv EY s o—lvop 2
HEADER 3 ]q RB2 ©
TX SPEED POT TX EXTRA 1
A RX SPEED ANALOG TX EXTRA 2
R6 [Tiie
10k ROV: ONBOARD RECEIVER BOARD
[Size | Document Number Rev
= = A | PcB#2
pate June 04, 2008 Theet T of 1
5 7] T 3 T 2 T 7

NSCC ROVgr 2008

b. ROV onboard receiver schematic

Page 20




F1

g o™\ o Q@ 12v 12v 12v

= 504
2
e DCIN
D6

A iNoo7

| b0
A 1N4007

Gl
VIRTUAL_M6
VIRTUAL_M5

kon o o

2| 2| 3| 2 2|

—OVIRTUAL_M5

Q1 Q5
MOSFET N MOSFET N

A[0.5] e}
DATA IN A0 MOSFET N

c 9
12v
12v 12v 12v
R7
330R
R2 R4 R6
470R 470R 470R
N D4 D8 D12 ]
D13 1N4007 1N4007 1N4007
PWR LED
}

+—OVIRTUAL_M6

8 Q2 Q4 Qs 53
Al MOSFETN A3 MOSFET N MOSFET N
— — L mio—0 yq
= = = MOo—21 yp
Mo—E 3

F2 Mio——Z my
UP/DOWNTERM.1 o0——— 6 | UP/DOWN 1

i UPIDOWNTERM. 2 0———0”\_,o—————3-{ UP/DOWN 2 H
2Vo——4

1 12V
REFERENCE REFERENCE o 3
40 1%0—2— };g
Ls1 Vo112
Ls2
UP/DOWN TERM. 1 w
UP/DOWN TERM. 1 o_ﬁo_,f_x e |2 MOTOR HEADER
N A3 Hiov O_QO_:IZ_X = |2 .
. UP/DOWN TERM. 2 = B
UP/DOWN TERM. 2 0_&Oﬁ 4+ 4 or2v F4
VIRTUAL_M6 ) [Fitle
VIRTUAL_M5 - :3 é # ROV: ONBOARD TRANSISTOR BOARD
§ = ize | Document Number Rev
= = RELAY DPDT - H BRIDGE PCB #1
RELAY DPDT - H BRIDGE
Date: June 04, 2008 Theet 1 of 1
5 [ 4 I 3 I 2 I T
5 7 T B 7
F1 D1 ul sv
12V <
&ND T 1 1 1
R1 C3 C4 C5 c2
o 500mA 1N4004 120R 100u 100u 100u 100u D
LM7805C/T0220
D2
1N4004
03 = = = =
LED 5V POWER
*
X 52
PRI
o—_ 31
J8  SV2000 OUTPUT TTLRX 2 \%c
OVIDEO OUTPUT —
c ) SIGNALS BREAKOUT c
us
N PIC16F88 TEMP e
RBO/INT M
RB1 L
VIDEO OUTPUT 5v Ra2 Re2 &~ omirx
Q o
R22 —3bRrasocki RB4 O L
4 fired IETEANNEEDS
300R R2t 18 b osciicLkin RB6 12—
300R <18 boscaicLkout  Re7 [HE—<
B B
B e L
D13 D12 v Q14 voo 3
LED LED
N N
= SV2000
H Voo |8 = H
vID e (H—x
TTL TXO——— 3] RX v &
GND > i<
" A~ c1o "
Tu
Tt
ROV: VIDEO CIRCUIT
= = [Size Document Number Rev
A PCVB #4 A
Date: June 04, 2008 [Sheet 1 of 1
5 7 T 3 T 2 T il

d. ROV video circuit schematic
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Appendix C: Block Diagram of Software flow

Appendix D: Piping Layout for Pneumatics
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