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Abstract
The 2010 Marine Advanced Technology Education (MATE) ROV International competition is
based on the exploration of the Loihi Seamount. The mission includes four underwater tasks that
consist of picking up a hydrophone and dropping it off at a location that is rumbling, maneuvering
the ROV into a cave and picking up crustaceans from the floor or wall, measuring temperature from
three different hydrothermal vent locations, picking up a spiracle, and taking a sample of bacteria.
The Ozaukee High School ROV Team designed, built, programmed, and tested an ROV
specifically to achieve the aforementioned underwater tasks. While spending many hours together
we learned to work as a team, think creatively and be open minded to each other’s ideas.
Our ROV is designed with two carbon fiber skids, a dry housing that encloses the electronics, two
PTZ (Pan Tilt and Zoom) cameras, four PWM (Pulse Width Modulation) controlled thrust motors,
four PWM controlled lift motors, one PWM controlled strafe motor, a waterproof gripper arm,
crustacean vacuum system that doubles for a boring system, an Arduino microcontroller operated
from a PS2 (Playstation 2) controller, and motor drivers. All of these components functioning
together were engineered to allow our ROV to complete the mission.

Design Rationale
“Great things come in small packages.” This statement has been the driving force in the design and
building of the Ozaukee High School ROV (OZ ROV). In deciding on a design for the OZ ROV,
the team formulated and discussed several goals and ideas to apply to the ROV. It was decided early
in the planning stage that it was essential that the ROV complete all the tasks in the mission quickly
and efficiently. To accomplish this goal the team meticulously engineered every component of the
ROV to be functional and serve multiple purposes while constructing it in a way to reduce mass and
water displacement. In researching Newton’s Laws of Motion and in carefully examining other
ROV’s performances, the team reached a consensus that a small ROV design would translate into a
faster, more maneuverable, and agile ROV, thus completing all of our design goals. The ROV is
controlled through a PS2 game controller that allows it to move with precise
movements. Several motors were added from the original prototype to the ROV
to increase the overall speed, allowing OZ ROV to maximize amperage use. The
final design of the ROV was constructed to be non-dominant and bidirectional
with special consideration to the design to assure that the ROV has limited areas
to get hung up on mission obstacles and minimal blind spots. All of these
components allow the ROV to function according to the goals the team
formulated and it is felt they will give OZ ROV the competitive edge to be the
best ROV in the world.
OZ ROV
The design for the OZ ROV is largely based on improvements made from a prototype that the team
built and tested. The original prototype was made with an 80/20 aluminum box frame, a 20.32 cm
diameter PVC tube acting as a dry housing for all of the electronics that run the ROV, six bilge
pump motors used for propulsion and lift, a vacuum system, and gripper. Throughout the prototype
testing phase, the team was impressed with the maneuverability and precision of the Arduinocentered microcontroller control system; however, the large mass of the ROV proved detrimentally
slow, evidenced by the fact that it took the team over 30 minutes to complete all of the underwater
tasks.
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The 2010 OZ ROV design includes the versatile control system features of the prototype enclosed
in a smaller, less massive dry housing and frame. Specifications include:
• 5251 cc displacement dry housing (prototype dry housing displacement was 18,650 cc)
• Carbon Fiber Frame
• 4 - Ducted thrust motors each tested at 4.6 Newtons of thrust in forward and reverse.
• 4 - Ducted lift motors each tested at 4.6 Newtons of thrust in forward and reverse
• 1 - Ducted strafing motor tested at 4.6 Newtons of thrust in forward and reverse.
• Arduino Microcontroller and separate motor drivers to provide variable speed (PWM)
controlled by a PS2 handheld controller.
• 2 - Pan, Tilt, Zoom (PTZ) cameras with sound
• Multipurpose crustacean vacuum and agar boring tool
• Multipurpose gripper tool
Adjustable draw latch
• 12.8 Kg dry mass with ballast weights installed
• 4 – Adjustable draw latches
The Team
Our coach, Terry Hendrikse (Ozaukee High School science teacher) selected
an initial team of four students, each with varying areas of expertise. Patrick
Leonard is strong in metal working and concentrated on the mechanical aspects
of the project. He also helped with the initial design of the ROV. Austin Cole
is proficient with computers and focused on the programming and electronic
components of the project. Travis Sheperd’s ingenuity with CAD helped Lindsay working
on budget
design many of the mechanical parts. Lindsay Vogt is very particular about
details and was selected to be the coordinator and accountant for the team. She dealt with
organization and making sure the team stayed on task. She also kept a detailed expense report and
daily journal documenting continued progress.
As the project progressed and the deadline drew near, we felt that we
needed some extra help and the team grew by two new members. These
team members, Nick Vogt and Dominic Enea, were added because we
felt they were strong in electrical and mechanical engineering. Nick
worked with programming, wiring, and helped with assembly of the
ROV. Dominic proved to have a solid mechanical mindset and focused
on the assembly of the gripper and attaching components to the frame.
Dominic and Nick
working on the gripper

Frame
The prototype frame was constructed exclusively with 80/20 aluminum, which made it easy to alter
the design; however, the team felt it was too massive and showed poor hydrodynamics, thus
slowing down the prototype ROV. To eliminate mass, the ROV was redesigned with two carbon
fiber skids, which are used to mount components such as the motors and tools to the ROV. Carbon
fiber is strong and light weight, and therefore the exact material the team was looking for when we
took into account our design goals. In addition, the use of a polystyrene foam core allowed the
team to mold the frame in a hydrodynamic shape, thus reducing drag and increasing overall speed.
Small, 13 cm long, 80/20 aluminum pieces that were cut in half to reduce mass were used for motor
mounts, allowing for fine tune adjusting.
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The OZ ROV measures 36.8 cm long by 37.5 cm high by 41 cm wide. We
chose these dimensions because we wanted to ensure that the ROV was
maneuverable and it also maximized hydrodynamics by limiting surface
area and reducing water friction. The other factor we had to consider was
that the ROV had to fit into the 80cm by 80cm cave in task two. We
wanted to have enough room on every side to avoid hitting the inside of
the cave. The height and the width give us almost 20 cm on every side to
make sure we can easily fit inside and maneuver from side to side when
vacuuming the crustaceans up off of the floor. We designed the framework
to have smooth edges with no protrusions that could become caught on any Front view without tools
of the mission props. This building goal was also accounted for when installing the lower thrust
motors on the inside of the frame, protecting them from entanglement. Travis designed the frame
with a 26 degree angle so that the smooth outer surface of each skid would be the widest part of the
ROV and would therefore protect all four lift and the upper thrust motors. It is our hypothesis that
the only places capable of getting caught on the mission props are the tools and the front corners of
each skid, both of which are easily seen with our PTZ cameras.

Travis cutting
carbon fiber

In constructing the carbon fiber skids, the team printed to-scale part
drawings that Travis made in ProE CAD 3D modeling and used them as
patterns to cut out the foam core pieces. Once the foam core was
constructed and sanded the team mixed Epoxical Brand epoxy, which was
chosen for its strength, usability over foam, and relatively inexpensive price.
The team placed pieces of carbon fiber onto the foam forms and spread the
epoxy over the carbon fiber. To ensure that the carbon fiber dried in the
form of the foam, the skids were placed in a vacuum system that was home
built with the science department’s vacuum pump and a linen storage bag.
The vacuum system showed -760 mm of Hg, eliminated all air from inside
of the bag and pushed 101KPa of atmospheric pressure to all surfaces of the
skids, causing the carbon fiber to form a tight bond with the foam form.

The team participated in a lengthy discussion about drilling vent holes through the carbon fiber
frame and pouring acetone into the core. Acetone is a strong solvent for polystyrene foam and
dissolves it upon contact. Teammates presented two arguments for wanting to dissolve the foam
core. 1) dissolving the foam would allow a hollow opening in the core of the frame that would allow
a conduit for wires to travel and 2) dissolving the foam core would allow
water to fill the empty cavity and decrease the frame displacement. It was
argued that this would decrease the overall dry mass of the ROV by over 1.3
kg. Other teammates argued against dissolving the foam core and claimed
that 1) the foam core provides a bonding substrate and therefore adds to the
strength of the carbon fiber and 2) infiltration of water into the frame core
would essentially become part of the ROV’s mass and would act the same as
added mass to counter the buoyant force generated by the foam. The team
decided to retain the foam core based on negligible differences in
Patrick and Dominic
underwater mass and the increased strength.
using the lathe
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Dry Housing
The dry housing is a very important design for the ROV because it assures that all of the electronics
are kept safe and dry. Our team spent considerable time discussing the size of the dry housing
because we needed to have enough space to store the electronics and the PTZ cameras, but also
recognized that each added cubic centimeter of dry housing volume would require another gram of
added mass. We chose a light weight, schedule 35, 15.24 cm diameter PVC pipe because we knew
this would be big enough to house all the electronics and would allow us to use acrylic for our
cameras to have full viewing range. The team designed a fastening system utilizing a PVC coupler
glued to the PVC dry housing pipe. This allowed for bolts to be glued and anchored in between the
inner and outer layers of the dry housing without having to penetrate through the inner layer, thus
maintaining the integrity of the waterproof housing.
A challenging part of our design was creating a waterproof dry
housing. After much research, brainstorming, and several changes, we
chose a design that would allow us to keep the dry housing waterproof
and still be able to open it in order to make any necessary adjustments
to the electronics. To accomplish this goal, our team used four
stainless steel adjustable draw latches to squeeze four 15.24 cm o-rings.
We cut both the PVC pipe and PVC coupler into three pieces and
Acrylic Domes
sanded down all of the cut ends to make them smooth. We took one of
the coupler pieces and permanently attached it to the main section of the PVC pipe. We took the
other two pieces of the PVC couplers and permanently attached them to the other two pieces of the
PVC pipe. This created an overlapping step between the inside pipe and the outer coupler that has a
.01 mm tolerance, allowing us to add double o-rings gaskets on each end for leakage security. Then
we attached the domes to the outer two couplers with #16 acrylic glue. This gave us a waterproof
cap that we would be able to slide onto the PVC pipe. When the draw latches are closed they
compress the two pieces of coupler on the o-rings making the dry housing waterproof. The dry
housing ends were constructed with two closed circuit TV domes normally used for mounting
ceiling surveillance cameras, which were donated from CCTV, an Ebay company that supported our
cause by supplying their products for our underwater ROV.
To waterproof the tether entering into the dry housing, we drilled a 28.5 mm hole into the top center
section of the PVC pipe and tapped it to accept a waterproof core grip fitting. We also drilled two
20 mm smaller holes in the bottom of the ROV and tapped them to accept waterproof core grip
fittings for the 20 THHN, 18 gauge, low clearance wires from the motors to enter into the ROV.
Using low clearance wires allowed up to 14 wires to fit into a 15 mm diameter cord grip opening.
All the wires were hot glued together and wrapped in heat shrink to make a single, solid bundle that
water could not enter into. Upon completion of the dry housing, testing showed that not even a
drop of water entered into the removable ends or through the three wire core grips.

CAD drawing of shelf system

Because the dry housing was reduced by three times in size, much
consideration was spent engineering custom vertical and horizontal
shelves that allowed us to mount the electronics on many different
surfaces. Travis made to-scale 3D models of each shelf, which were
used as templates throughout construction. Non-critical electrical
components like terminal blocks and fuses were mounted on the
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lower portion of the shelves while all of the vital electrical control
components, such as the motor drivers and microcontroller, were
mounted on the upper portion of the shelves. This design helps to
assure that the critical components remain dry in the event of a leak.
If any water leaks into the dry housing, it will remain below the
electronics, thus allowing time for the ROV to be retrieved and
repaired without major destruction. The shelves can be easily
removed from either end of the ROV with most of the components
easily accessible when one of the ends is removed.

Shelf system with components

Not only is our dry housing used to house the electronics and PTZ cameras, it is also used as
buoyancy for our ROV. The 15.24 cm PVC pipe provides the buoyancy that our ROV needs to stay
buoyant in the water with minimal weight needing to be added. Our team decided to make our ROV
have 1 Newton of negative buoyancy because we felt it would be easier to complete tasks while
resting on the bottom of the pool. In order to calculate the buoyancy of the ROV, Travis
constructed an intricate spread sheet that considered the mass and displacement of every component
used to build the ROV and calculated the buoyant force on the ROV. Our original design had a
displacement of 18650 cc and therefore needed additional weight to counteract the buoyancy. The
final design displaces only 5251 cc which is about one third of the original. This allowed us to
reduce the total ROV dry weight, which will inherently allow faster movement through the water.
Buoyancy Calculation Sheet

ROV parts
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Motors
Another important design on our ROV is how we arranged the motors to make them more efficient.
OZ ROV uses nine 1900 liter / hour bilge pump motors: four for thrust, four for lift, and one for
strafing. From the prototype, we decided to double up the thrust motors on each side and have them
operate in counter-rotation. Our research suggested that this design would prove more efficient and
create less torque on the frame. This way would also have a failsafe system if one of the motors
stops working. Not only is this a failsafe system, but this will allow our ROV to run more efficiently
and with more power than if we only used one motor for each side. We also decided to utilize four
lift motors and one strafing (sideways motion) motor, allowing the ROV to move in a sideways
direction to help better align the ROV with the mission props. In making this decision to add more
motors, our team tested each motor with a multimeter, finding that the total amperage under a load
ranged from 2.5 - 3 amps. It was decided from this test that we could add the motors and still be
within the total 25 amp limit. We also decided to fuse all the motors and tools separately with 5 amp
fuses to prevent the main 25 amp fuse from blowing in the event of a short or malfunction in an
individual motor. We hypothesized that if a motor goes bad, it will blow its own fuse, still allowing
the ROV to maneuver with the need of minor positioning adjustments. During each practice we also
monitored the current draw with an in line ammeter and adjusted the computer code and motor
output in order to maximize the 25 amp power limit.
The team was able to find a way to make the motors more efficient by taking a
5.08cm PVC pipe and fitting it around the motors as a duct. The pipe was the
perfect size for the motors. We cut wide slots around the PVC pipe on one end and
smoothed the edges to allow maximum water flow. When we tested the motors
with a dual directional digital force meter, after adding the PVC pipe, we found that
the motors were more efficient. Because of the change in hydrodynamics with the
CAD drawing of
added motor duct, the force increased from 4.0N to 4.5N at 12 volts. Not only were
thrust motor duct
the motors more efficient, but the PVC pipe protected the propellers from damage
and becoming tangled in the tether. The team discussed the advantages of using a tapered duct
system, but decided to avoid adding the taper as OZ ROV does not have a dominant direction for a
taper to favor.
Gripper
In order to complete the majority of the tasks with a single tool, thus
reducing the ROV mass, the team meticulously researched different ideas
for devices that would be multifunctional. We had ideas that consisted of
using simple hooks to building an elaborate robotic arm with waterproof
servos. Finally we decided on a design in between the two extremes. We
chose to design a gripper that would open and close. This allows us to
Multi-purpose gripper
pull the pin from the elevator and lift the HRH in task one, pick up the
spiracle in task three and be a fastening point for the temperature probe also needed for task three.
The gripper will also be used for picking up and placing the HRH power/communication connector
in task 1. We added two posts onto the gripper arms to better support the power/communication
connector. The design that we used is based on using a waterproof bilge pump motor, which was the
primary drive in deciding on this design, to turn a screw drive gear system for opening and closing
the gripper with a 3.5 to 1 gear box. The gear box was added to allow more torque on the motor and
a slower opening and closing of the gripper.
8

Cameras
Our team felt it was important to limit the number of blind spots by utilizing
a camera system that would enable a wide range of viewing. In order to
achieve this goal, our team decided to include two PTZ (Pan, Tilt, and
Zoom) cameras. This provides us with a ROV that can function equally
from either end along with being able to see the tools and all corners of the
ROV frame.

Logitech PTZ Cameras

The cameras have two megapixel resolution and Carl Zeiss Optics. They also have 189˚ horizontal
and 102˚ vertical motorized tracking, allowing us to have a wide viewing range of the pool. The
cameras capture images at 15 frames per second and autofocus. They provide us with an optimal
view to complete all of the tasks throughout the mission. The range of view also helps us avoid
running into anything with the ROV. These cameras also contain built in microphones that will be
used to detect the rumbling site in task one.
Electronics
When designing our ROV, we knew that we wanted to control it using a PlayStation 2 controller.
Our prototype was controlled using a computer mouse by moving the cursor in a four quadrant box
on the screen. We found this way of controlling our ROV to be slow, cumbersome, and inadequate
for completing all the mission tasks. When designing the control system for OZ, we took into
account all of the problems we encountered with the prototype.
One of the major problems with our prototype was that it was not able to move sideways in the
water. Certain tasks, such as pulling the pin on the HRH, require the ROV to approach an obstacle
head-on. When driving the prototype, we were able to move forwards, backwards, up, and down,
but not sideways. This resulted in the ROV being forced to execute a time consuming Y-turn when
approaching an obstacle at an angle. The addition of a strafe motor corrected this problem. Another
problem with our prototype was that the control system was not intuitive or user-friendly. The
ROV required two people to control it: one person to drive the ROV and another to control the
tools. The new control system is designed to allow for a single person to run the ROV in a userfriendly manner.
The PlayStation 2 controller allows us to drive OZ with joysticks instead of a
computer mouse. Thrust control is quite simple; the left joystick controls the
left two thrusters and the right joystick controls the right two thrusters.
Pushing a joystick away from you causes its corresponding motors to run
forwards, while pulling a joystick towards you causes them to run in the
opposite direction. This makes for a very easy-to-drive ROV because each
side of the ROV is controlled independently. Turning OZ is a breeze and
spinning in place is as easy as pushing one thumb forward and pulling the
Austin programming
other backwards. The PS2 joysticks are analog and are programmed to run
PS2 controller
each motor at variable speeds using Pulse Width Modulation (PWM). In
addition, we have incorporated a feature that allows for a low and high “gear.” Shifting the ROV
into “low gear” cuts the voltage values sent to each motor down to 25% their original value. This
feature allows the captain to use the joysticks’ full range of motion when trying to maneuver with
exact precision in tight locations.
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One of the interesting features our new control scheme sports is the ability to reverse control on the
ROV’s thrusters. By simply pressing the “START” button on the PS2 controller, the ROV can be
driven “backwards” as if you were driving forwards. When in “reverse mode”, the left joystick
controls the right thrusters and the right joystick controls the left thrusters. Pushing either joystick
forward causes the motors to run in reverse, and vice-versa. This makes it extremely easy to control
the ROV from the view of either camera. Instead of having to “back up” the ROV for extended
periods of time, one can simply hit “START” to enter reverse mode, look at the “backend” camera
and drive the ROV by pushing the joysticks forward. Of course, you still have the option to pull the
joysticks towards you to back up while in either mode.
OZ’s other controls are a bit more manageable under the new system. The PS2 controller makes it
much easier for someone to control the ROV by themselves instead of having to rely on a partner.
The “R1” and “R2” buttons control the lift motors in steps. The motors can be set to five different
speeds in each direction by tapping the buttons the desired amount of steps. Pressing the “triangle”
button at any time turns the lift motors off. The directional pad makes it easy to move sideways in
the water. Pressing left or right on the d-pad makes the ROV strafe through the water in the desired
direction. Controlling the tools has also been made user-friendly. The “x” button closes the gripper,
and the “circle” button opens it. The “square” button toggles the vacuum system. Pressing it once
turns it on, and pressing it again turns it off. The lights can be illuminated by pressing the
“SELECT” button, which acts as a toggle the same as the “square” button does for the vacuum.
The ROV uses an Arduino MEGA microcontroller to control forward and
reverse thrust as well as the lift motors, gripper arm, vacuum system, and
lights. Eight Pololu MD01B nine amp motor drivers allow us to use the
digital and PWM outputs of the Arduino to turn motors and tools on or off.
The board is connected to a computer at the surface through USB. Because
USB has such a limited range, we had to use USB extenders above the
water as well as inside the ROV. These USB extenders allow us to extend
communication for the full length of the tether by using waterproof, CAT5e
Ethernet cables.

Microcontroller Board

In order for us to use a PS2 controller with our ROV, we needed a program that would be able to
take input from the PS2 controller and send it to the Arduino board. We already had experience
with the Processing language and environment from the control system we made for our prototype.
By using proCONTROLL (a library that allows Processing to communicate with input devices such
as joysticks and gamepads) we were able to write code for OZ ROV from scratch. In our code, the
Y-axis of each joystick is read as a variable from -200 to 200, with 0 being the neutral position of
the stick. As you push the joystick forward, the value decreases; as it’s pulled back, it increases.
We scaled the values from -1 to -200 as 128 to 255 and the values from 1 to 200 as 1 to 126. This
allowed us to program the Arduino board to spin our thrusters in reverse if it read a value from 1 to
126, and spin them forwards if it read a value from 128 to 255, increasing the speed of the thrusters
as the values increase in both situations. The programming for the other controls was pretty
straightforward because most parts could be copied and pasted from our prototype control scheme
but changed slightly so that the inputs were from the PS2 controller’s buttons instead of the
keyboard.
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Electrical Schematic
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Block Diagrams
MEGA Microcontroller Code

Processing Code
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Tether
The tether is 15.24 meters long and is constructed of four wires running in nylon mesh used to
contain the wires. The main communication wire is a waterproof Category 5E Ethernet cable with
USB to RJ45 converters on both ends. This grade wire was selected because it provides extra
shielding; our initial Cat 5e cable was interfering to the point that communication was
compromised, causing the microcontroller to lock up. We also ran an additional waterproof Cat 5E
cable to relay images from the cameras. Considerable amount of time was spent in discussing wires
for the main power supply and calculating the voltage drop in various wire sizes. After much
discussion and debate, our team decided to use an 8 gauge, tinned, stranded cable often used for
marine battery applications. We used one of these cables (red) for the positive power lead and
another cable (black) for the negative power lead. In testing the ROV out of the water at full power,
we measured a 2 - 3% voltage drop. The team was pleased with this minimal decrease in voltage as
it increases the overall power and efficiency of OZ ROV.
Vacuum System
The vacuum system used to suck up the crustaceans was a product
of trial and error. In using a 4560 liter / hour bilge pump we
discovered that a 5 cm diameter PVC coupler was too small for the
crustaceans to fit through with the attached 14 gauge copper wire
feet while a 7.5 cm diameter opening was too large and did not
produce enough velocity to draw the crustaceans into the opening
of the vacuum system. The group found a rare 6.3 cm PVC
Vacuum
coupler which proved to have an opening large enough for the crustaceans to fit through and have a
strong enough force to overcome gravity. In addition, the group decided to direct the exhausted
water at the front wall of the cave and hypothesized that the exhaust would knock the crustaceans
off of the front wall while being able to vacuum them off of the floor. The vacuum system contains
a Plexiglass window that allows the camera to peer through the opening to locate the crustaceans on
the sea floor. Lights have been added to the system to illuminate the area around the vacuum
opening to increase visibility in low light conditions. The vacuum system opens with a quick release
hinge and magnetic latch system, which enables easy and quick access to the crustaceans at the
surface of the pool. It is also equipped with a containment area to hold the crustaceans until all three
have been gathered. This will eliminate having to make several trips back to the surface to return
the crustaceans.
Boring System
In trying to reduce mass, the team engineered the vacuum system to double as a boring machine
with the addition of a quick connect coring tool. The tool is precisely calculated (5 cm diameter x 7
cm long) so that it will draw exactly 137.5 cubic centimeters of agar. This amount is exactly in the
middle of the acceptable range 101 ml – 175 ml. The tip of the coring tool was filed down at a
gradual angle to decrease the surface area and increase the pressure to better cut into the agar. We
also lubricated the outside with Vaseline to assure that the tool would separate easily with the
remaining agar. The boring machine was designed so that water flowing through slits in from the
top of the coring tool would create a low pressure region (Bernoulli’s Principle) and draw the probe
deeper into the agar. To aid in this process, the exhausted water is directed to the location opposite
of the boring tool. The force of the exhausted water upwards provides an equal and opposite /
downward force (Newton’s Third Law), driving the probe deeper into the agar.
13

Safety
Safety has been a main focus throughout the design for the ROV. One area of safety is the ducts
around each thruster propeller to prevent injury to fingers. Warning labels have also been installed
on these areas to prevent an accident. Another area of safety is the use of separate fuses for each
motor and the internal power supply. In the event that a motor wire is severed or shorted out, one of
these internal 5 amp fuses will stop current from flowing to that area. In addition to the internal
fuses, the positive lead from the power supply is fused to limit power to 25 amps. Special design
considerations were also taken into account insuring there are no sharp edges.

Challenges
There were many challenges throughout the project, some of which included having sufficient and a
common work time, meeting deadlines, and finding a place to practice with our ROV. Our team was
able to complete this project by overcoming these challenges resulting in the successful completion
of our ROV.
One challenge the team faced was finding time to work on the ROV project. In signing up for this
project, several of the team members had to rearrange their class schedules. For an example, three
of the team members dropped a class to pick up Introduction to Robotics, which is specifically
focused on the ROV project. As we moved closer to the deadline, the team started to stay after
school for several hours each day. The team members even worked on parts of the ROV at home.
For instance, many of the team members got together on a Sunday afternoon to test the ROV at one
of the team member’s house. The dedication of the team members and the sacrifices they made
ensured completion of the ROV on time. Outside of school we used email, text messaging, and
phone calls to make sure everyone on the team was on the same page with the progress of the
project. One example was when the team left components of the ROV at school, but we needed
them to test the ROV. Our coach realized we would need those parts and called two of the team
members to notify them that someone would have to return to school to retrieve the parts.
Another challenge was meeting deadlines. At the beginning of the project, we made a schedule that
included the project deadlines, but for various reasons, including team members wasting time
playing games on the computer when they were supposed to be researching, they were not being
met. We continued to fall further behind. Finally, our coach stepped in and talked to each team
member about the severity of our tight timeline in an effort to get our teammates on track. He set
strict deadlines and outlined all of the tasks needed to be completed. At this point in the project all
the members were given the choice between giving more effort or pulling away from the project.
Many of the members were able to pick up their pace and complete the tasks assigned to them on
time.
Another roadblock throughout this competition was finding a place to test
our ROV as our school does not have a swimming pool and all the ponds
and lakes in Wisconsin were frozen throughout the duration of the build.
After much brainstorming, our team decided to use a 5 meter diameter
temporary swimming pool as seen in many American back yards.
Throughout January and February we set up and used this temporary pool
in Austin’s heated garage. This allowed us to practice any day of the
week.
Test pool in Austin’s garage
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Lessons Learned
We learned many valuable lessons and skills throughout our ROV project. One skill we learned was
how to program a microcontroller and have it communicate to a computer to control the ROV.
There were many sources of programming available, especially through the Internet. The website of
the microcontroller board that we selected also had forums with members who posted their
programs for projects that they built. We used examples from many different programs to assemble
our code.
The program for the processing part of the project was developed in the same way as the
microcontroller. We found many examples to use for this code. The most fascinating part was
setting up the communication between the processing program and the microcontroller. We learned
how to set up communication using hand shaking, which is a method of checking to make sure the
other device is ready for information.
We found that each function of the ROV turned out to have its own unique program. Once we
started adding all the different functions together we were able to operate the ROV in a
straightforward method. The graphical user interface also helped us to understand how to steer the
ROV. The programming aspect of the project was challenging but rewarding.
Not only did we learn about programming, but also
about teamwork. When we first joined the ROV
team, we found it difficult to work with all of the
members because we did not know everyone very
well and we also have diverse personalities and
strengths. As the project progressed, we learned that
the best way to work as a group was to listen to
everyone’s opinion, and then decide as a team what
would be the best option. We learned to become
team players and take everyone’s ideas into
consideration.

Troubleshooting

Working together for a
fund raiser

With any project one has to expect difficulties and provide time for troubleshooting. Our team
utilized a plan for troubleshooting which included writing down the problem and brainstorming
possible solutions. Next we evaluated the solutions to find the one that was most likely to resolve
the problem. Then we implemented the first, and what we considered the best, possible solution. If
this was not successful in resolving the problem we moved onto the next possible solution.
Throughout the troubleshooting phase, we made sure to only change one variable at a time,
allowing us to pin point the best solution.
One troubleshooting experience our team worked through was with the communication line on OZ
ROV. Initially, we tried to run both cameras and the microcontroller through one shielded CAT5e
cable. This method proved ineffective as communication with all three components was intermittent
resulting in the locking of software and the microcontroller. We hypothesized that the Arduino was
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not receiving a clean communication signal when the motors were running. We
tested the communication with shorter cables and did not see a problem,
suggesting that the length of these cables allowed more electrical noise. We
decided to add a second CAT5e shielded cable allowing the microcontroller and
the cameras to each have a dedicated, shielded cable. Adding the additional cable
increased the communication stability; however, we were still experiencing
intermittent failure. In an effort to quantify the electrical noise, our team
borrowed an oscilloscope from a local company, Pemco. In using the
Capacitor
oscilloscope, we determined a baseline noise level of +0.25 volts and -0.5 volts
on the 5 volt source. Our team then proceeded through a checklist of noise reducing changes, which
included adding capacitors to each motor driver board. Each time we did a change we tested the
electrical noise with the oscilloscope and compared it to the baseline. After making these changes,
the electrical noise issues were reduced and OZ ROV functioned without communication failure.

Completed ROV

CAD Drawing of ROV

Budget
This was the first time our school participated in the MATE ROV regional competition and our first
time managing a budget. As we had never designed or built an ROV, we had to start from scratch
and buy all of the parts we needed. The University of Wisconsin - Milwaukee provided our team
with a ROV practice kit and $200.00. We were able to use the motors from the practice kit on our
final ROV. The initial $200 was a great start to purchase the parts needed for the ROV, but we still
had to purchase many components to make our ROV a functional system. Generous donations given
by several companies allowed us to remain within the budget. In addition, other companies were
willing to sell the items we needed at a reduced cost. In the end we were able to buy all the parts we
needed for the ROV without using our high school budget or team members having to contribute
any of their own money. We ended with a positive balance.
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Budget/Expense Sheet
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Loihi Seamount
The Loihi Seamount is the “youngest volcano” in Hawaii. Before 1970,
the Loihi was classified as an old, inactive seamount but that changed
when the area experienced multiple earthquakes in 1970 and it was
discovered that the Loihi Seamount was a young, active volcano. Then in
July 1996, the Loihi Seamount rumbled again with a major earthquake,
which was recorded on the seismometer grid of the Hawaii Volcano
Observatory. After this event, the National Science Foundation funded a
quick response cruise.

Loihi Seamount –
Pele’s Pit

Quick response dive

The first quick response dives, were followed by lengthy work carried out
on the area through September and October 1996. This work was funded by
NOAA (National Oceanic and Atmospheric Administration). The
investigators working on this project found that the southern part of Loihi’s
summit had collapsed. This was caused by numerous seafloor earthquakes
which shook the summit. One area on the southern rim of the volcano
known as Pele’s Vents sunk into a giant pit and is now known as Pele’s
Pit.

There were several more dives carried out, including the Pisces V dives. During the dives visibility
was reduced. This was caused by large amounts of minerals and floating layers of bacteria. Many
bacteria had already begun to colonize the new hydrothermal vents. The bacteria was sampled and
returned to the laboratory for further analysis.
The Pisces V, used for researching the effects of the seismic activity on the Loihi Seamount, is a
one pilot submarine. It is able to dive to a depth of 200m and has a dive duration of six to eight
hours. This craft offers direct examination, photo and video records, placement of instruments used
for research, collecting samples such as bacteria, and environmental surveillance for the scientists.
There are many parallels that exist between the tasks accomplished by
the Pisces V on the Loihi Seamount and the tasks our ROV will
complete in the mission. Both our ROV and Pisces V are designed to
accomplish research tasks such as observation of the site, video feed,
installation of instruments, and collecting samples of bacteria. Our
ROV will be used to observe areas such as HUGO, the underwater
observatory we are working to resurrect, a cave filled with a new
species of crustaceans, and a chimney on the bottom of the pool. We
Pisces V
will be driving our ROV entirely through the video feed we receive
from the ROV’s two PTZ cameras. Not only will our ROV be observing this underwater world, but
it will also resurrect HUGO by correctly placing both a HRH (High Rate Hydrophone) and the
HRH power/communications connector in their respected target zones. Another task our ROV will
complete is sampling part of a bacterial mat in order to return the sample to the surface. All of these
challenges closely relate to what scientists carry out on the Loihi Seamount.
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Future Improvements
We learned many things through this project, including there is always room for improvement. One
future improvement we would like to make to our ROV is to use more efficient, specialized ROV
motors. The motors we are currently using are made from bilge pumps and although they are
inexpensive ($2.50/motor) they are bulky and inefficient, relative to propulsion motors specific to
underwater use. Our current motor propeller system produces around 1.5 Newton of thrust per amp
at 12 volts; our team suspects there are commercial grade systems that would prove more powerful
and efficient. This would allow the ROV to have more power and move faster while still keeping
the current load below the required 25 amp limit.
Also throughout the designing phase of this project, our team spent considerable time discussing
materials and construction techniques for the ROV frame. We built the prototype frame out of
80/20 aluminum and OZ ROV out of carbon fiber. Our team, however, would like to research other
polyurethane-based materials as we suspect they may prove versatile in molding. In addition, our
school has a table-top CNC machine that currently does not work. It may prove beneficial for
several of our team members to spend time resurrecting this machine as it would be valuable in
shaping the frame.

Reflections
This competition has been an amazing experience for our ROV team and Ozaukee High School.
When we started the project we had no idea what we were getting ourselves into. We began the
project with much enthusiasm and spent a lot of time researching all aspects of building an ROV
including design, materials, and electronics. As the project progressed, we realized that we had to
devote an enormous amount of time, and at times some of us even regretted joining the team.
However, because of our drive and dedication, we stayed with the project from beginning to end
and are proud of what we accomplished.
Some of the team members were unsure of what career they wanted to pursue. Being a part of the
ROV project has been an awakening for many of them. These members have been inspired to
pursue careers in engineering. The hands on experience of designing and building the frame and the
tools and programming a microcontroller has allowed us to learn various aspects of engineering.
Some important lifelong skills we learned were teamwork and communication. When we began the
project it was hard to tell we were even on the same team. We did not have a common time during
the school day when all the team members were together. We also did not know each other well so
it was difficult to support each other and communicate efficiently. As the project progressed and we
were working together toward a common goal we learned to communicate better and became
friends. We even got together after school at various people’s houses to work on the project. For
our team this experience has taught us about the importance of teamwork. We learned to count on
each other and to be open minded to everyone’s ideas and opinions to find the best solution. We
feel that as individuals we have grown and matured. We put aside our differences and have all
found our place within our team.
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