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Jacob Starratt, a returning member of the ROV team, is currently in grade 12. Jacob joined ROV for
the fun and learning that comes with building a fully functioning ROV. As Chief Executive Officer, he
has made leadership a key goal for this year’s team. Jacob’s management skills and work with
electronics has been a great asset to the building of this year’s ROV. Additionally, Jacob has been
accepted to attend Dalhousie University for engineering next year and is hoping the experience gained
during this year will aid him in all his future endeavors.
Meghan MacDonald, a returning member of the ROV team, is currently in grade 11. Meghan has
returned to ROV in order to continue the exceptional experience that was had the prior year and to
improve on the efforts put forth by the team. As the Senior Executive and Personal Relations Officer,
organization, leadership and ingenuity have been a key focus to send the team to victory. Many skills
have been gained and improved over the year such as leadership, critical thinking and construction.
These skills and the many more that coincide with the use of technology will aide in all future
endeavors, especially Meghan’s study and intended career in the field of law.
Dimitry Vinogradov, a new member of the ROV team, is currently in grade 11. Dimitry joined the
Auburn ROV team to learn a multitude of useful hands on skills and to gain knowledge about many of
the components used in the construction of an ROV. Dimitry has learned many skills as Software
Programmer, including welding, design, and construction. These skills will prove to be valuable assets
in the future, such as inhome planning, and methodology of construction. Dimitry is expecting to
progress through a respectable business school to become either a business owner or a chartered
accountant.
Cameron Mason is a returning member of the ROV team currently in grade 11. Cameron became a
member of the ROV team hoping it would serve as good experience in the field of engineering. As
Construction Engineer, Cameron has learned many new skills such as waterproofing, metal work and
troubleshooting. These skills will surely help in any aspect of future projects that are pursued.
Cameron sees himself working as an aerospace engineer with a privately owned company.
Greg Horne, a returning member of the ROV team, is currently in grade 11. Greg joined the ROV
team wanting to explore the field of underwater robotics and gain experience working as part of a team
to build a ROV. This year Greg has learned many new mechanical skills as Construction Engineer,
such as welding and wiring. These skills will aid in Greg’s efforts to become independent and
responsible for future repairs. Mechanical skills will play an important part in Greg’s future plans to
attend University and study in the field of engineering.
Nicole Davies, a new member of the ROV team, is currently in grade 11. Nicole joined the team in
hopes of obtaining a working knowledge of ROVs and their inner workings. As Technical Assistant,
Nicole aided greatly in the creation and development of the technical report as well as other aspects of
the project. Nicole has developed many valuable skills this year including teamwork, metal work and
creative thinking. After high school Nicole hopes to attend Dalhousie University and obtain her
doctorate in medicine.
Melissa Kirchner is a new member to the ROV team, currently in grade 10. Melissa became an ROV
member to learn technical skills, organization and engineering. As Technical Assistant, Melissa has
learned about soldering, waterproofing and technical reports. These will be useful in the
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field of study she wishes to pursue. Melissa intends on going to Brigham Young University in Idaho to
receive a doctoral degree in computer science.
Andrew MacMaster, a returning member of the ROV team, is currently in grade 11. Andrew strives
to demonstrate creativity in this project, and is always intent on learning more regarding the field of
ROV. Andrew has learned many things as Design Engineer about the design and construction of a
ROV, and how we can use such technology to prevent marine disasters. Aspiring to enter the
engineering field, Andrew hopes to incorporate not only the passion for engineering credited to his
ROV experience, but also the skills and attitude developed through ROV to aid in a future career of
engineering.
Ryan Adderson, a new member of the ROV team, is currently in grade 11. Ryan joined the team to
experiment in the field of robotics hoping it could lead to a future career path. With interests in
pursuing a career in sciences, ROV was one of the few clubs at Auburn which provided related
learning opportunities. Ryan began the year with very few skills with the tools and equipment that
would be used, but as Production Engineer, has gradually become more adept with them. These skills
have given insight into the field of robotics and have stimulated a greater interest in a similar career.
Joe Ellsmere, a new member of the ROV team, is currently in grade 12. Joe’s interest in engineering
projects has led him to join our ROV company. As Engineering Consultant, Joe has been an invaluable
part of the team because of his contributions to the electrical functions of the ROV Having taken many
technology courses over his high school education, Joe was able to bring previously learned skills with
him to the project. With aspirations of becoming an engineer, Joe hopes to take skills learned while
building the ROV with him to Dalhousie University in the fall. He hopes that the experience with
building the ROV will give him a head start in the core engineering program.

Abstract
The Scotia Marine Exploration technical report details this year’s entry into the 2011 Mate underwater
ROV competition. This report discusses the company’s design rationale of each system implemented
in our ROV. This year Scotia Marine Exploration has completely rebuilt their ROV, combining the
many lessons learned from the previous year’s competition, as well as new ideas being brought to the
table by both the returning teammates and new members. The ROV has been built around the idea of
starting fresh; we implemented many new systems such as programming and the use of bilge pumps
for propulsion. Our main focus this year is sustainability; we created our ROV to last and made it
easily adjustable for all future use.
A strong value of the economy is evident in our control box and our electronics housings because of
the durable materials that were used to build them. By reusing as many materials as possible, we have
designed our ROV completely around the mission tasks. Payload tools such as the valve shut off motor
and the syringe were created especially for this year. This competition has proven to be a learning
experience; not only has the SeaEagle become a better ROV but Scotia Marine Exploration has
successfully become a fully functional company. In short, there is a distinct honor in returning to the
MATE regional ROV competition, as the 2011 ROV project marks the sixth year of competition for
Auburn Drive High School, but the first as Scotia Marine Exploration.
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Schematics

Side View

Rendered Claw
Top View

Control Box
On AutoCAD

Rendered Views of Completed ROV

p. 5

Electrical Schematic
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Design Rationale
Name of ROV:
Our company spent a long time brainstorming the name of our ROV;
we wanted it to be scientific, related to the marine industry as well as a
bit humorous. We bounced around many potential names including;
‘Doohickey’, ‘The Yellow Submarine’ and ‘S.Q.U.I.R.T.L.E’.
However, many of these had to be dropped due to copy right issues. In
the end we decided ‘The SeaEagle’ would be the best name for our
ROV, as our school mascot is the Auburn Eagle.
The beginnings of our technical drawings

Frame:
Our frame consists of a 50.8cm X 50.8cm X 52.5cm rectangle, consisting mostly of ¾” PVC. In the
top corners of the frame our company used two supporting fortyfive degree angle yjoints to reinforce
the ninety degree corners. We chose these angled joints because they made our corners stronger,
helped with balance on our ROV and increased the ROV’s overall structural integrity. Safety is crucial
because our motors are positioned in the corners of our ROV and the force emitted by our motors was
a serious concern when it came to the corners staying in place. We placed support beams in the middle
of three of the sides and placed two support beams 19.0 centimeters apart to leave space for the claw
in between. In the initial planning for our frame, there was to be a metallic grate along the bottom of
the ROV to allow for payload tools to be attached to the underneath the ROV. However, this idea was
later rejected due to the size of the payload tools and the placement of the water sampler. With the
addition of the angled joints, the top side of our ROV was made slightly bigger than the bottom,
making the sides appear jarred. Due to this our company had to resize the top of the ROV to make it
equal with the bottom. After all this work our frame is the perfect size for all our needs and goals.
Motors:
For this year’s competition our company took a different approach to constructing our propulsion
system. In the past years we have used big and small trolling motors, but found they were extremely
heavy and hard to maneuver. We came up with the idea of taking apart a bilge pump and attaching a
propeller to the shaft. This created a lightweight, but durable homemade thruster that we could easily
manipulate. Another first for this year was the arrangement of the motors. Instead of arranging them in
vertical and horizontal ninety degree positions we decided on placing the horizontals on each corner
facing out from the robot at an angle which would make programming the motors a lot easier. This
made movement forwards, backwards and strafe side to side
much less laborious. We also placed two other homemade
thrusters on top in a vertical position for vertical movements.
Finally, all we needed was shrouds for each motor in order to
protect them. We used two and a half inch to four inch ABS
pipe reducers and attached them to the motors with adjustable
arms that hold and center the motor inside of the ABS with
rubber gasket material. However, with new concepts came new
problems we hadn’t accounted for before. When placing the
Attaching the motors for first set of
motors in the ‘X’ configuration we had trouble fitting and keeping
adjustments to get the “X” configuration right
the motors stable in each corner. In order to attach the motors to the
corners we had to extend one adjustable arm on each motor. We first tried to make our own
connectors from a tapped threaded piece of stainless steal, yet this proved unsuccessful. We solved this
problem by using sixty minute epoxy which allowed us to align the motors properly and the epoxy
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cured hard enough to withstand the pressure it would face under water. We later upgraded to a tapped
aluminum threaded sleeve which proved much stronger. Another problem we faced with the motors
was trying to get the propeller on the shaft of the bilge pump. We ended up using a friction fit by
heating up the propeller to expand it and freezing the shaft to shrink it. We were then able to fit them
together and wait for both to reach room temperature. This created a tight enough fit between the
propeller, shaft and bilge pump so it would not come apart from the motor under the pressure created.
Electronics:
Our electronic system this year far surpasses last years, with the use of more complex electronics and
the introduction of programming our electronics have become a major part of our ROV. One of the
most impressive additions to our electrical system was the inclusion of two Arduino Uno
microcontrollers to control the behaviour of the ROV. These worked in conjunction with 4 Pololu
dual motor drivers which are held in a water box on the ROV
itself, as this box will serve as a junction in which we can
organize all of our wiring and send each wire out to wherever it
needs to go.
The main circuit for our box begins from a 12 volt battery into
binding posts on the motor box. The power is then passed
through a 25 ampere fuse and an ammeter that will allow us to
monitor the amount of current we are using. From here the
power goes into a power strip and branches off into the
various circuits on the ROV. One such circuit is the circuit Working on the wiring onboard the SeaEagle
that controls the motors. The power comes from the power strips into the Arduino microcontroller and
powers our analog joysticks. These joysticks will send an amount of current relative to their initial
position, allowing us to adjust our ROV’s speed depending on the situation. The signal then leads into
the Arduino Uno microcontroller; this will send a digital signal through the tether into the junction
box. From here the signal goes into the Pololu dual motor controllers. These motor controllers take a
digital signal and convert it into an analog signal that we can send to the motors. Finally, the motors
take the power and return it to ground.
In order to power the pneumatic components for our ROV, we first need power from the motor box
into the control box. The control box takes power and delivers it to three double poled double throw
locking switches. When switched, the power goes into a pneumatic switch that sends compressed air to
a corresponding component.
The valve shutoff motor is made from a bilge pump and because of this it is controlled by an Arduino,
the same way as the motors. Power goes into an analog joystick which sends current to an Arduino
Uno microcontroller. The microcontroller sends a digital signal through the tether and into the junction
box. In the junction box the digital signal is converted back to
analog using a Pololu dual motor driver and sent to the valve
shutoff motor driver. From here the power is returned to
ground.
Another piece of electrical equipment is the cap release
mechanism attached to the ROV. This receives power directly
from the junction box and is attached to a double poled double
throw locking switch on the control box.
a

Waterproofing the electrical system with heat shrink
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There are two sections to the camera system—the electrical and the video signal. The electrical begins
at the control box and goes through the tether into the junction box. The junction box provides power
to a single wire that splits off into every camera, where all six cameras connect to a single ground wire
that returns to the junction box. The video signal comes from the cameras and into the junction box.
From there the signal travels through the tether and into the motor and control boxes. Then the signal
goes into an audio/video selector that allows us to switch between camera feeds.
A very important piece of this year’s electrical system is the depth gauge. The depth gauge is an
essential part of the third task. The depth gauge receives power from inside the box and sends the
signal from the ROV up through the tether to the motor box.
Cameras:
Our cameras this year consisted of color and infrared cameras; the color cameras were used for
economic and size reasons and the infrared cameras for their picture quality underwater, even when
light is sparing. Our camera case design was inspired by the instructional video on the MATE website;
we decided that encasing our cameras in a waterproof shell of epoxy would be the best solution for
our specific needs. With the size of our infrared cameras, we had trouble finding a container in an
appropriate size that could hold either our color cameras or infrared cameras. This in mind, we made
the decision to build our own custom containers. The containers
we created were made of Plexiglas attached by strong acrylic glue.
We used five minute epoxy around the camera lenses to create a
liquid tight seal around our lenses and the more powerful twenty
four hour potting epoxy. However, with our custombuilt camera
cases we experienced some problems; since we made it so that our
cameras could be as compact as possible, it was difficult to center
the cameras when lowering them into the cases. We looked to the
modern crane for inspiration by using the very malleable metal,
solder, to fashion hooks to hold and lower the cameras into the
One of the cameras on the SeaEagle
cases, just like a crane, so that we could ensure its proper placement inside
the camera case. Attaching the cameras to the frame consisted simply of bolting them to the frame
through the extra Plexiglas not filled with potting epoxy. In this case, depending on the area of the
ROV, we would bolt it to aluminum or PVC.
Camera Placement
Camera 1:
Wellhead Cap
Camera 2:
Valve ShutOff
Camera 3:
Claw

Camera 4:
Magnets
Camera 5:
Water Sample
Camera 6:
Front View
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Software:
The ROV company used the Arduino Uno Microcontroller to control many of the ROV’s systems. The
microcontroller’s environment is written in Java and based on Processing, avrgcc, and a few other
forms of open source software. The language that is used to program the board is closely related to C.
Through the joysticks input, the microcontroller converts the analog signal into a digital signal,
outputting an integer between 0 and 1023. We then converted the 10 bit signal to an 8 bit signal (range
of 0 – 255) so that we could output the data to the pulse width modulator (PWM), which would then
send the signal to the motor drivers on the ROV, turning the thrusters on. Since we can send low and
high values to the motor drivers, we have created a wide range of speeds available with our ROV. This
variable allows us to not only complete the task at hand quickly, but allows us to do so with precision.
In order to hold and release the well cap, we acquired a car
power door lock. After properly waterproofing it we used the
Arduino and motor driver to precisely control the well cap and
make sure we could free it completely when it was placed on the
well.
For the valve shut off motor, we used the second
microcontroller to control the process of the motor. With the
input from a joystick, we used the same method that we used for
calculating the correct amount of thrust needed for the main
motors. To prevent blowing out the 25A fuse, we implemented
feature in the code to switch to a limiter when we have too
current going through the ROV.

Working diligently on programming

a safety
much

Control Box:
We wanted this year’s control box to solve some of the issues we experienced with last years and the
quality of the box reflects that. This year a lot of planning and forethought went into the design of the
box. Instead of one box containing all of the controls and electronics we constructed two identical
boxes—one that contains the motor controls and driving (called the motor box), and another that will
contain all of the switches that control the miscellaneous parts of the ROV (called the control box).
This includes parts such as the claw and the syringe. Each box is actually made up of two boxes, one
to hold the electrical components and another to hold the T.V.;
the smaller of the two boxes fits inside of the larger for easier
transportation. The boxes were constructed out of ¾“birch (G1S)
plywood and the dimensions of the larger boxes are 44.5 x 28.0 x
37.5 centimetres and the dimensions of the smaller boxes are
40.5 x 26.5 x 9.5 centimetres. Each piece of the boxes was cut to
the proper dimensions before being glued and nailed together,
and all joints on the box are either dado or rabbit joints to add
extra strength. After gluing and nailing the boxes together, a trim
Staining the control boxes
made from poplar was glued on to make the boxes more aesthetically pleasing.
The boxes were stained using red oak stain and given waterbased semigloss
topcoat (three coats with sanding between each coat). The only part of the box permanently attached
this year was the top of the smaller boxes where the switches, joysticks, pneumatic hosing and other
electronics are. This was done because one of the main features of this year’s box is reusability. The
concept is that we can keep everything for next year except for this top plate which we remake to
accommodate for all of the changes needed to be made for next years tasks. The top plates this year
are made from ¾” birch plywood and are stained using a red oak stain and given a waterbased semi
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gloss topcoat. On the motor box there are holes cut into the plates for: two joysticks, two large black
tether couplings, an ammeter, a fuse, a manual override switch, the depth gauge, and the audio/video
selector. On the control box there are holes cut for: a joystick, four switches, a large black coupling,
pneumatic hoses and an audio/video selector.
Buoyancy:
The buoyancy of the ROV is based on 5 High Density Polystyrene buoys that are strategically placed
on the frame to maintain the vehicle’s balance in the water. Our goal was to achieve neutral buoyancy,
as this would allow for the most efficient handling. There are 4 smaller buoys (elliptical shaped)
positioned on the upper portion of the threaded stainless steel rod that the horizontal motors are
mounted on. We used small conically shaped rubber stoppers to center and secure the buoys, which act
as stabilizers for the craft, making sure it stays level while underwater. Each smaller buoy is 315.45ml
in volume, and exerts 2.477 N of upward force when submerged. The bulk of the buoyant force is
provided by the large cylindrical buoy mounted to the top face of the ROV. To secure it in place,
stainless steel tubing was sent through the center of the buoy. The tubing was mounted parallel to the
upper portion of the PVC frame located above the valve shutoff motor. We fabricated Ubolts by
bending ¼” threaded rod, which were bolted the frame opposite one and other. A small piece of gasket
material was inserted between the Ubolt and stainless steel tubing to prevent the buoy from rolling.
Finally, 2.5 cm PVC stoppers were created and used to secure the buoy to the tubing.
Using Archimedes Principle we were able to calculate the
weight of the ROV while submerged, or apparent weight (see
calculations). We opened the release valve on the test tank and
raised the water level so that it laid level with the bottom of the
release valve. Next we submerged the ROV in the tank. The
water the ROV displaced flowed out of the release valve and
was collected, enabling us to measure the volume of the ROV
itself. This data allowed for the weight in water to be
calculated. We knew that in order to make it neutrally buoyant,
we had to have the force of gravity in water equal the buoyant
force. The buoyancy was originally positive, meaning the
buoyant force was slightly greater. By adding small weights to
the vehicle we made the downward force come very close to
the buoyant force and achieve just slightly positive buoyancy.

Testing the SeaEagle in our indoor tank at school

Calculations:
Measured Mass of ROV: 14.969 Kg
Measured Volume of ROV: 14.982 L
Calculated Mass of Displaced Water: 14.982L x 1Kg/L = 14.982 Kg
Fgapparen t = (mwater)(g)(Fgdisplaced water)
= (14.969Kg)(9.81m/s2)(14.982Kg)(9.81 m/s2)
= 146.846 N – 146.973 N
= 0.127 N Up
Tether:
The tether is twenty two meters long and contains the wires for our main power, the signals for our six
cameras, the signals for the motors, the signal for the depth gauge, and the pneumatic hoses which are
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colour coded for each device they control. The wires attach directly to the motor box via a black
coupling that simply attaches and locks into place, instantly connecting every individual wire to
another one located in the box. We decided during the creation of the control and motor boxes that it
would be best if the wire simply attached to one box, so that the tether would look neater at the end
and everything would be easier to organize. Doing this also makes the setup process much quicker
because there is no guessing which wire goes where—you simply attach the black coupling and all of
the other work is already taken care of inside the boxes. The other end of the tether connects directly
to the junction box on the ROV. Attaching this end to the junction box allows for simplicity and
organization, as all of the wires can be sorted before going to their proper place on the ROV. To keep
our tether together we have it wrapped in a clear plastic spiral wrap. We chose to use this wrap
because it is an easy, simple solution and we have the spiral wrap from previous years, so is therefore
the most cost effective solution. We added foam to make the tether neutrally buoyant until the height
of the pool and then positively buoyant from that point on.

Payload tools:
Claw:
Our company’s claw consists of recycled parts from a
previous year’s claw as well as many new materials. Most
notable of these recycled parts are the grips, although they
were altered to fit our needs for this years design. The base is
made of sheet aluminum, which was bent to create a more
stable tool. The claw uses a pneumatic piston which has been
dampened by a spring to allow for more control over the
movement of the claw. The main functions of the claw are to
hold the carabineer to latch onto the Ubolt, retrieve the
crustaceans off the bottom of the pool and pick up the hose
line from the top kill manifold as necessary in the second task.
The claw is centered at the bottom, front of the ROV; our
company decided this was the best position because it allows Front view of the SeaEagle
for the best maneuverability. The construction of the claw was a laborious process which involved
several failed ideas. Every piece had to be constructed with precision in order for the claw to function
properly. Even a slight error in measurement or construction could result in the claw being stiff or not
having a full range of motion. Also, the original piston we had was too large and could have caused
damage to the grips of the claw. This was easily rectified by replacing the original piston with a
smaller model. In the end, we developed an accurate and functional claw.
Valve shutoff:
This year’s competition requires each company to shut off the oil flow by spinning a valve one
thousand eighty degrees. Our first idea to complete this task was to have a stainless steel pneumatic
motor that would turn the valve with extending arms. After searching many websites and calling
countless companies we found that stainless steel pneumatic motors were expensive and hard to come
by. We then had to redesign our shut off motor to spin the arms with some other sort of motor. We
came up with the solution of using a 500 gallon per hour bilge pump because of its simplicity. The
bilge pump’s speed is controlled by a motor driver inside the black control box on board the ROV.
This enables us to manipulate the speed of the arms so we are clearly able to see how much we are
turning the shut off valve. We decided on this design because we could easily build the device with
our previous experience and knowledge with bilge pumps and motor drivers. Also, the torque needed
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to turn the valve is a constant 0.5 Newton meters. Through a simple Newton meter scale we
discovered that, 0.5 Newton meters came to take very little force.
Building the shut off motor was simple, but centering the bilge pump to the spinning head’s shaft was
more difficult. The decision to use a 500 gallon per hour (GPH) bilge pump instead of a 950
gallon per hour pump was made because the latter was too fast to use without risking damages to the
props. We continued building the shut off motor by centering the PVC and cementing the pieces
together. We then hammered the spinning head’s shaft through the PVC and onto the shaft of the bilge
pump. This, along with epoxy, created a strong enough hold to withstand the resistance the valve will
produce.
Water Sample Extractor:
For the task regarding taking and transporting a water sample from a specified depth, we tested a
multitude of potential methods and came to a general consensus on the design that was the most sound
and effective. For this design we used four sixty milliliter medical syringes and attached them together
with two aluminum pieces. This was all built around a central pneumatic piston that, when extended,
pulls the syringes and sucks up a sample larger than the necessary one hundred milliliters as a safe
guard against leakage. The four syringes are connected into a single mouth for extraction with three
pneumatic connectors and several lengths medical intravenous (IV) tubing. The single tube resulting
from this combination continues to a small aluminum tube fixed to a second pneumatic piston that
allows us to extend the extractor deep into the
sampling container. This will provide us with the
best chance at recovering a pure sample.
Some problems we encountered in the designing and
fabricating of this system began with our original
plan to have a single syringe take a minimum of one
hundred milliliters in a single extraction. To our
dismay, we were unable find a syringe of such
volume so, to resolve this dilemma, we settled for
four smaller syringes to assure we acquired a
minimum of one hundred milliliters. Another issue
that arose in our design was that in our original plan
to have a fixed straw to enter the container, we The side of the SeaEagle with the Water Sample Extractor
were unable to assure more than an undependable
depth of around three centimeters into the flexible water bottle. To resolve this, we used a pneumatic
piston to extend the straw an extra ten centimeters which provides us with the purest sample possible.

Rendered
Water Sample
Extractor

Rear View
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Wellhead Cap Release:
For this task we aimed for a very simple and reliable
device to release the cap on to the wellhead. We
decided that the best idea was to hold the cap by its
string to allow it to hang as low as possible for added
precision when placing it on the well head. A rod, on
which the string would rest, was attached to a 12volt
electric motor to allow us to pull the rod out and
release the string from between the two prongs
binding the string.
The two main problems we encountered during the
construction of this device were that the string was
getting stuck on the threads of the rod, and the
Everybody working hard with our mentor supervising for safety
dilemma of only being able to use our motor above
water. The first of these two obstacles was overcome by covering the threads in a thin layer of epoxy
to allow the string to slide across without getting caught. To deal with the problem of the motor, we
again used epoxy, sealing all the seams and screws to stop any water from entering the motor.
Magnets:
In order to collect sea life specimens we decided to use Neodymium magnets. They are made of a
metal alloy containing neodymium, iron and boron. The choice of neodymium magnets was the ideal
one because neodymium magnets are one of the strongest types of permanent magnets that exist in the
world today allowing us to attract the metal screws in the sea creatures. The use of magnets over other
options won over the company soon after being introduced as a new idea during the brainstorming
process. Therefore, after weighing all of our options, the Neodymium magnets became the clear choice
for our company.

Safety
One of our company’s main concerns this year was for the safety of those operating our ROV. We
were also careful to employ safety features for the sake of the environment and for the ROV itself.
Some of our safety features include a kill switch, water proofing and the use of stainless steel or
other nonoxidizing metals. Our kill switch is located on the control box and can be used to shut off all
power to the ROV in case of an emergency. To ensure the safety of the ROV as well as those
operating it, our company was rigorous in our testing and water proofing of all wires and electronics.
Our concern for the environment is shown through our exclusive use of nonoxidizing, sustainable
materials, such as stainless steel and aluminum metal.
Also, we installed shrouds around the motors to prevent
damage to people and sea creatures by the propellers.
While building the ROV, company members were
instructed to wear safety goggles at all times. Gloves
were worn when working with hazardous materials such
as epoxy and chemicals for binding the Plexiglas as well
as when welding or using other heated metals. Our
mentors showed our company members how to use all of
the machinery in the lab before they were permitted to
use anything to work on the ROV. Safety was always of
Working on the linear actuator
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the utmost important whenever work was being done on the ROV, no matter how simple the task.

Challenges Faced
Scotia Marine Exploration faced many new challenges this year. As a company we expected to face
challenges like we have in past years, such as disagreements between members and unwillingness to
change, but working together like a company eliminated almost all of these problems. Disagreements
didn’t come about because everyone had something that they were responsible for and a job title that
was created to show where each individual excelled. Everybody’s unwillingness to change was faced
directly by having multiple people create ideas and prototypes of solutions and testing them to find the
most effective method, rather than having everybody caught up on just one main idea. We did
however occasionally face times where some members of the company lacked the ambition to be truly
productive during the scheduled meetings. We overcame these difficulties by extending meeting times
and discussing ways to overcome the effected member’s lack of focus. Many challenges were faced
but this year’s transition from a team to a company really provided Scotia Marine Exploration with a
fantastic opportunity to excel and strive to reach our full potential.

Troubleshooting
Many obstacles were encountered throughout the
process of designing and constructing our ROV.
However, through alterations, modifications and, on
certain unfortunate circumstances, complete discard of
our original concept for a more reliable and less flawed
alternative, we were able to achieve satisfaction towards
our devices and overall design. One of our most
important principles in creating the ROV was testing all
components thoroughly and with all factors considered
that might be present in a competition situation.
Although it was discouraging when our designs failed
Andrew using the drill press while one of our mentors watch for saftey
to meet their expectations and were therefore
abandoned, we were able to use this practice to enable our success.
One example of testing done by our company to enable us to scrutinize and evaluate components of
our ROV is the method used by us to assure that our motors met specific standards. This process
involved submerging the motor in a fish tank attached to a custom built contraption to measure the
force of push. After testing different propellers, fixings and motors, we concluded that modified bilge
pumps and homemade Kort nozzles would provide our ideal propulsion.
A second problem we encountered in building our ROV was that the submersible black box encasing
our onboard electrical components had become prone to leaking. The severity of this dilemma was
significant because if any of this vital equipment were to get wet, it would almost certainly short
circuit and be ruined. To avoid this unfortunate fate we used a silicon material to reinforce the entry
sites of the cables through the box and prevent any chance of water entering.
Another setback we faced was with the device used to turn the shutoff valve. Our original plan was to
use a pneumatic motor to turn a 2pronged attachment, spinning the valve. Unfortunately, we were
unable to acquire a pneumatic motor that met our specifications and price range. To resolve this
problem we used a modified bilge pump as a substitute for the pneumatic piece.

Future Improvements
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The biggest thing which needs to be improved on our ROV next year is our time management skills.
One of the major problems was not meeting the deadlines that we set early in the year. We had
originally planned to have our ROV in the water as early as March, but because of our lack of
experience with some new technologies and setbacks in the building process we were unable to
accomplish this.
In order to improve this, we will need to set up specific plans on everything that needs to be done, and
by what time it needs to be done. Although we had dates set up for things such as having the claw and
frame completed, they were vague and we didn’t leave room for the unforeseen issues we were sure to
face. By setting up a more realistic timeline of when things need to be completed and learning from
our mistakes this year, we could streamline the process of building the ROV.
Although we can not anticipate potential problems in the building of the ROV, we can certainly be
better prepared to work around them. Often times, a piece of PVC is cut too long or too short and we
only realize this when we actually assemble the pieces. This kind of problem can easily be prevented
by being more patient with the cutting of such pieces, which would also save us time, allowing us to
reach deadlines sooner. Even though some problems are unpredictable, we can better anticipate these
dilemmas and, in doing so, we save time and resources, giving us greater time to test and troubleshoot
the ROV.

Reflection
This year has provided Scotia Marine Exploration with an excellent opportunity for continued learning
with regards to the marine robotics field. Much time has been dedicated to this year’s competition and
individuals have had the chance to excel at specific tasks allowing them to develop in their desired
field, as well as gain some experience towards their future careers. With excellent teamwork,
collaboration and respect for one another, a relaxed but professional atmosphere was able to be
created. This year we focused on making the SeaEagle adjustable; meaning that most of our time was
spent brainstorming the most innovative ways to develop our payload tools, while also making them
usable in future years. Our intention has been to improve on previous year’s performance in all facets
of the competition. To do this we started earlier, committed to more brainstorming, had a higher
amount of student independence and brought in more experienced students to aid in our development.
The MATE ROV Competition has been a rewarding experience and has taught us all so much about
determination, integrity, communication, safety, ingenuity, courtesy, and perseverance. In short, this
year has been an exceptional opportunity for the entire company to grow and develop into a productive
company as Scotia Marine Exploration.

Soldering the motor wires

Developing their metalworking skills

p. 16

ROV Expenses
New Items
Items
Robotcraft.ca

Source
Arduino Microcontroller (x2)

Recycled Items from last year
Cost

3 motor controllers
3 joysticks

$

385.50

Sparkfun.com
Cameras
Jumper wires
Joystick breakout board
Joysticks

$

421.72

Cable Connectors

$

47.37

Wire Glands
Potting Epoxy
Capacitors x8
NTE 5v regulator, 1A x2
NTE 3.3V regulator 1A x2
Orings
12 Gauge wire (red and black)
Heat Shrink
Propellers  35mm, 40mm M4

$
$

39.87
129.06

$

12.23

$
$
$

32.17
15.94
150.23

Tubing  4mm OD, 3mm ID
Pneumatic Cylinder
20mmx25mm
Waterproof container x2
1" Rare Earth Magnet Set x4
Buoys
Bilge Pumps 1000GPHx2 and
1100GPH
Marine tinned wire 60'
Digital Depth Sounder
LED Bulbs
Bus Bar
Bilge Pump 500GPH

$

44.28

$
$
$
$

17.24
45.58
32.20
53.61

$

217.18

$
$

232.59
29.84

$

145.62

$
$
$
$
$

71.67
62.13
31.46
18.39
10.93

$

152.77

$
$

17.25
75.00

Jentronics
RAE
Electronics
Jentronics
Jentronics

Princess Auto
Jentronics
Great Hobbies
McMaster
Carr
Princess Auto
Otterbox
Lee Valley
IMP Marine
Seamasters

Seamasters

Seamasters
NorthEast
Equipment
Home Depot

Canadian Tire
Kent
Home Depot
Dollarama
EM Plastics
and Electric
Metals R Us
Piercey's

Total

PVC connectors and pipe
SS Threaded Rod
ABS 3"x2" Coupling x6
Brass drain 15"
SS fasteners
Wood Stain and Varnish
Gasket Liners
Epoxy
Weldon 16 5oz x5
4'x8' Acrylic sheet 1/4"
Aluminum Flat Bar 1/8" x 1"
x 12'
4'x8' Birch Plywood

Items
4  950 GPH Bilge Pumps

Approx. Cost
$
160.00

PVC connectors and pipe

$

40.00

80m of Pneumatic Hose
2  Pneumatic Cylinder
20mmx50mm
3  Pneumatic Controllers
4  DPTP switches
25A fuse
20m of 24 conductor wire 22
gauge
3m of 8 conductor wire 18
gauge
Aluminum sheet and flat bar
Plastic Clamp for claw

$

40.00

$
$
$
$

25.00
60.00
10.00
5.00

$

80.00

$
$
$

10.00
20.00
5.00

Total

$

455.00

Donation From Imperial Oil
New Items
Recycled Items

$
$
$

5,000.00
2,491.83
455.00

Total ROV Budget

$

2,053.17

$ 2,491.83
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