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Abstract 
 

The Lincoln Group, LLC from Gahanna Lincoln High 

School, has created a new product line in the Explorer 

Class for the 2013 Marine Advanced Technology 

Education (MATE) competition. This ROV and tool 

packages, based on Raspberry Pi technology, promises 

to revolutionize the Explorer class vehicles, providing 

outstanding performance at a minimum cost to 

customers. 
 

The new “Pi Squared” ROV is based on a modular 

design approach, with a basic ROV frame and 

controller equipped with removable tool packages and 

tether.  But unlike the competition, who uses 

expensive off-the-shelf connectors costing scores of 

dollars, the Lincoln Group design team has developed 

simple, cost-efficient connectors with PVC union 

joints, tested to over 3 atmospheres of pressure, thus 

considerably lowering the cost of adding tool 

packages.  The flexibility attained by this modular 

approach allows much more testing and trouble-

shooting during package development, and promises 

to help the Lincoln Group be successful at the next 

level. 
 

Featuring a Lego-based, interlacing gripper, generating 

13 Newtons of force, and a leveler device powered by 

a simple bilge motor, the Pi Squared ROV can attach 

and remove connectors and SIAs, open doors, set up 

secondary nodes, and move ADCP canisters easily 

during the construction of underwater networks. 

Combined with a rotatable camera, networked Pi 

boards, and eight Cytron motor controllers, this ROV 

can perform.  Outfitted with a newly designed Vernier-

based sensor array, this bot can measure 

temperature, dissolved oxygen and light intensity to 

capture detailed marine data in real time. Combined 

with the Lincoln Group’s design, manufacturing, and 

quality control based on Barckhoff’s Principles, this 

new product demands consideration. 
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Design Rationale: ROV Component 

When the Lincoln Group committed to 

design an Explorer class vehicle, they 

decided to plan the ROV design around a 

set of principles that they believed would 

create the best possible ROV at a 

reasonable price. These principles included: 

1) creating a basic ROV around a modular 

design, with removable tool packages for 

true flexibility; 2) using inexpensive parts, 

easily obtainable by most high schools; and 

3) building a highly maneuverable robot 

with a simplified layout for ease of work 

and repair. After several days of 

brainstorming and viewing various ROVs on 

the Internet, the Pi Squared ROV was 

designed (See Photo 1).  

Frame 

The frame of our ROV was designed to be 

simple and light, yet strong enough to 

support all of the hardware and tool 

packages that we needed to complete our 

mission. The entire frame is constructed of 

half inch Schedule 40 PVC pipe, with the 

“heart” being four inch PVC. The ROV is 

74.5 centimeters long, 52 centimeters wide, 

44 centimeters tall, and weighs 

approximately 30 pounds/13.6 Kg out of the 

water. PVC pipe is a very cheap material, 

but it is durable and is easily cut to make 

sections as long as needed. The main hull of 

the frame is a rectangular shape that holds 

the connectors that supply power to the 

tool packages. The motors are also 

connected to the main hull, providing the 

needed thrust to keep the heaviest part of 

the ROV upright. The “heart” is a cylindrical 

tube that rests upon four sculpted PVC T-

joints that connect to the main hull at 45-

degree angles. The front of the ROV is 

shaped like a trapezoid, which provides a 

small degree of hydrodynamics to the bot, 

and also enables us to see all of our tool 

packages from one camera. The three sides 

each have a PVC T-joint which allows us to 

swap out tools and also move tools to 

different locations for easier task 

accessibility. All in all, our ROV is designed 

to be modular and interchangeable. 

 

 

(Photo 1: The Pi Squared ROV) 

  

Propulsion 

Engine Shrouds 

In order to mount the thrusters, and to 

protect the tether from the propeller, we 

designed an engine shroud that does both. 

The engine shrouds is made of 3” PVC, 

plastic chicken wire, and a single hose 

clamp. Two vertical cuts were positioned on 
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opposite sides of one end of the shrouds. 

The fins on the sides of each thruster slide 

perfectly into these slots. From this point, a 

single hose clamp is used to pinch the top 

of the slots shut, effectively securing the 

thrusters into the shrouds. Six strategically 

placed “windows” were cut out of each 

shroud to allow proper water flow. Plastic 

chicken wire was then fastened to the 

outside of the shrouds using miniature zip 

ties. Finally, the thruster/engine shroud 

combo was attached to the frame using an 

additional hose clamp.   
 

  
(Photo 2: Thruster in newly designed shroud) 

 

 

(Photo 3: CAD of old style thruster shroud with 

less holes and unreliable screw attachments) 

Thrusters 
 
In keeping with our principle of using 

materials available to typical high school 

students, the team decided on using four 

Johnson 1250 GPH 12 Volt bilge cartridges, 

outfitted with an adapter and propeller 

blade.  Bollard testing was performed on 

the thrusters.   Aside from a slight spike at 

initial start-up of the motors (5.9 N and 2.68 

Amps), the thrusters produced 

approximately 5 Newtons of force 

consistently at top speed and drew 

approximately 2.3 Amps.   Even if all four 

motors are run at once, they would still 

draw less than 12 Amps, well under our 

safety fuse limit of 20 Amps.   

 

 
 

(Photo 4: Bollard Test on Johnson 1250 GPH 

Thruster showing force in Newtons) 
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Cameras 
 

Pi Squared possesses two X10 Anaconda 

cameras (See Photo 5). One can buy X10 

Anaconda cameras commercially for 40 

dollars each, relatively inexpensive as 

compared to other underwater cameras. 

The cameras were potted in plastic vials 

with epoxy.  The 60 foot cable is very 

flexible and was easily braided into the 

tether. Furthermore, the cameras’ RCA 

video jacks can easily link them to video 

cameras to record during missions. Another 

advantage of the cameras, their ability to 

image in color, allows objects to stand out 

better than black and white cameras, 

making missions easier to complete.  

 

(Photo 5: Potted camera) 

Camera Mount 

The potted camera was mounted on a 

rotatable platform. This rotating platform is 

driven by a waterproofed hobby motor. 

Using a flexible U-joint, the hobby motor 

was run directly into a LEGO gear box, 

which increased the torque and decreased 

the rotational speed. Various gears were 

used to fix the platform perfectly around its 

PVC body. The final rotational ratio from 

hobby motor to camera is 188:1. When 

fixed to specific parts of the ROV frame, this 

rotatable camera platform gives the pilot 

the ability to see multiple tool packages in a 

matter of seconds. 

 

(Photo 6: Potted hobby motor and rotating 

platform for camera) 

 Tether 

The tether not only connects the controller 

pi to the rover pi, but also delivers power 

and camera feedback. The tether consists of 

a power wire, camera wire, and a CAT5 

network cable. These three wires were 
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braided using a simple “outside-to-inside” 

technique. This braid is used to keep the 

three wires together and out of the ROV’s 

way.  A PVC union is used to allow the 

network cable to disconnect from the ROV. 

Two PVC end-caps, 10” of 1.25” diameter 

PVC, and a 1.25” PVC union made a capsule 

that the network cable runs through. The 

wires each enter the two end caps through 

drilled holes. Both wires were stripped 

slightly above their entry into the capsule to 

allow the epoxy to not only seal the wires to 

the caps, but also to allow the epoxy to 

pore inside the wire’s coating, preventing 

water from leaking through a length of the 

wire. The tag ends of the network cable 

were fixed to RJ45 connectors, which were 

attached via a female to female RJ45 

connecter.  

This PVC union connector (“quick 

disconnect”) is the major component which 

allows us to have a modular ROV with 

removable tool packages.  The O-Ring found 

inside, along with the epoxy-filled ends, has 

been extremely effective in keeping the 

connections inside dry.  Our team has 

tested this type of connection to a depth of 

70 feet, meaning it is good to three 

atmospheres of pressure, suitable for most 

ROV missions run by high school teams. 

Used in both our CAT5 cable network and 

all of our tool packages, team members can 

easily and quickly swap out tool packages 

and/or remove the tether for storage and 

shipping.  

 

Photo 7: Team-designed PVC union “quick 
disconnects” for network cables (large) and 

thrusters/tool packages (small) 
 

Controller and Electronics 

The controller chosen for our ROV is the 

USB Logitech Rumble Pad 2, which is similar 

in design to that of a PS2 controller.  The 

Lincoln Group chose this controller for its 

ergonomic design. The controller makes a 

comfortable fit within the pilot’s hands, and 

allows for complete control over the ROV. 

This controller features two analog joysticks 

which allow for precise motor control, and 

fourteen programmable buttons.   
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In order to interface the controller to the 

onboard electronics, the team decided to 

use a Raspberry Pi. The Raspberry Pi is a 

small computer that runs on Linux.  In our 

case, we decided to use the Debian 

operating system.  The controller is hooked 

via USB to a Raspberry Pi above the water, 

which is called the Controller Pi. The 

Controller Pi is then hooked into a network 

hub. From there, a network cable was 

braided into the tether and to a second 

Raspberry Pi on board the ROV, which we 

call the Rover Pi. When the two Pi’s 

connect, the Controller Pi takes control of 

all of the Rover Pi’s outputs, and begins 

sending signals to the motor controllers.  

The Rover Pi transmits two types of signals. 

The first signal the Rover Pi sends out is to 

the PWM (pulse width modulation) board.  

The PWM works by pulsing out a signal of 

different lengths. In this case the board will 

pulse quickly for a fast motor speed, or 

slowly for a slow motor speed. The PWM 

controller board has 16 outputs, of which 

eight are currently used. Each output runs 

to a motor controller. The Rover Pi itself 

provides the other input in order for the 

motor controller to determine speed and 

direction of a motor. The Rover Pi outputs 

an on-off signal using its GPIO pins to the 

different motor controllers. This on-off 

value determines the direction of the 

motors.  

Software 

A flowchart, describing the programming 

logic is found in the Appendix in Figure 1. 

Design Rationale: Tool Packages 
 

Because of Pi Square’s modular design, and  

its focus on simplicity, this product is 

capable of doing network repair with a 

minimum of tools. 

 

Gripper 

The primary tool package on the ROV is a 

gripping device referred to as “The Claw”. 

This tool is made of a waterproofed hobby 

motor, which drives the gripper, a series of 

LEGO gear boxes, and the physical claw. The 

unique angle from which this claw grabs has 

proven to be very beneficial. The typical 

claw is mounted outward from the ROV’s 

frame whereas this design is mounted 

downward, with the motor mounted 45 

degrees to the side. The gripping part of the 

claw has two sections that can work 

together or separately depending on the 

pilot’s needs. The static portion of the claw 
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is made of two hook-shaped LEGO pieces. 

The swinging part of the claw, also 

comprised of two hook-shaped pieces, can 

swing from 100% open, all the way against 

the motor, up to 110 degrees past the static 

claw. Due to the hobby motor’s intense 

rpm, two LEGO gearboxes effectively gear 

the turn ratio from 576:1.  

 

 (Photo 8: Front view of current gripper) 

This newly designed “claw” differs from 

previous versions in several ways.  First, 

there are two static pieces and each one 

has a longer curve, allowing pilots to use it 

by itself more like a hook.   Second, the 

fingers of the claws are able to interlace 

with each other providing better gripping 

and holding power.  And finally, the angle of 

the gears has been more reliable and less 

prone to breakage than previous versions.  

 

(Photo 9:  Previous gripper design) 

 

The ROV gripper was tested with a Vernier 

force sensor to show its strength. As per the 

diagram below, an initial force of 

approximately 10 Newtons continues to 

increase over time until a maximum force of 

approximately 13 Newtons is attained in 18-

20 seconds. 

 

(Photo 10:  Force generated by gripper) 
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Leveler 

 

One of the tasks that often must be 

completed during networking missions is to 

position a Secondary Node on uneven 

terrain and then level it by adjusting its legs 

up or down. The Pi Square leveling device is 

made of a 90-degree PVC schedule 40 ¾ 

inch Screw Tee, which has been cut in half 

and then screwed into place on a 1250 GPH 

bilge pump cartridge.  This particular 

system pulls approximately 2.4 amps when 

running.   

Using the ROV, pilots can maneuver the 

leveler over the Secondary Node and place 

the ¾ inch leveler Tee over the secondary 

node’s ½ inch PVC Tees. The pilot can easily 

maneuver on top of the node Tee, and the 

device’s spin rate and duration can be 

controlled by our pilot to precisely adjust 

each leg. 

 

 

 

 

 

 

 

 

(Photo 11:  Side View of Leveler) 

Light Sensor 

The light sensor is used to read the opacity 

of the rotating dish. This particular sensor is 

a TI light probe, produced and supported by 

Vernier. This charge-coupled device reads 

the intensity of light (in Lux). A lantern-style 

device allows the sensor to easily be 

positioned in front of the rotating dish via 

the ROV’s claw (See Photo 12). 

This device is part of a multiple tool 

package suite designed originally by a 

former Lincoln Group member, Luke 

Radloff.  It is based on using Vernier Lab 

sensors for monitoring biological/chemical 

data with ROVs.  Most Vernier probes are 

comprised of six wires, and are arranged as 

follows: 

 Pin 1 = Sensor output (+/-10V) 

 Pin 2 = GND 

 Pin 3 = Vres (resistance reference) 

 Pin 4 = AutoIDENT  

 Pin 5 = Power (+5VDC) 

 Pin 6 = Sensor output (0-5V) 
 

One end of each Vernier probe is the 

sensor, and most probes come with a 12 

inch (30.48 cm) cord and a USB that 

attaches to the computer or a Vernier Go-

Link Interface that plugs into the computer 

USB port. 
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The computer side of the Lincoln Group 

Sensor array is constructed by cutting the 

sensor cord in half.  The USB side is 

connected to 6 wires on one end of a 100 ft 

(30.48 m) CAT5 cable.  The other side of the 

CAT5 is stripped and epoxied into the 

female side of a 1 inch PVC union fitted with 

a short section of PVC and 1 inch end cap.  

As in the network tether previously 

mentioned, the CAT5 wires are fitted onto a 

female RJ45 connector, which is fitted into 

the female side of the union.   

On the male side, the light probe is epoxied 

into place inside an appropriate length of 

PVC which is attached to the male end of 

the union.  The six wires are attached to the 

male end of the RJ45 connector in the 

correct order to match the pins on the 

female side.  Finally, the connectors are 

hooked together and the PVC union is 

tightened down to ensure the O ring in the 

union is tightly fitted/sealed.   

This attachment not only works for the 

Vernier light probe, but for any other probe 

that we make by attaching it to the male 

side of a PVC union on the appropriate side.  

This gives the Lincoln Group the ability to 

use many different probes on the Pi 

Squared ROV. So far, we have constructed 

and tested the light probe pictured below, 

as well as a temperature sensor and a 

dissolved oxygen sensor.  Each has been 

tested to a depth of about 70 feet (21.34 m) 

without leakage.  Considering typical 

waterproof quick disconnects cost $60 or 

more, this instrument package is truly a 

bargain. 

 
 

(Photo 12: Side view of light sensor) 
 
 
Safety 
 
As with any company, the Lincoln Group 

makes safety a priority.   Below is the 

company’s basic protocol when setting up 

the ROV in a new area for the first time: 
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 Bot is unpacked, and components 
are prepared to be powered up. 

 Hands-Free check is called, before 
powering up the Control system, 
cameras, and monitors. 

 All of the above components are 
checked for functionality. 

 A second Hands-Free check is called, 
before powering up the bot. 

 Wait 30 seconds before using 
controller, to allow the two Pi 
boards to connect.  Once connection 
LED lights, connection is complete. 

 Hands-Free is called once again and 
controller is activated to individually 
test thrusters. 

 Bot is lowered into the water and 
rolled to ensure that all air has left 
the frame 

 Last Hands-Free is called on the 
rover, before the controller is picked 
up, and the mission proceeds. 

 
Safety is extremely important when 

working with Robotics. The Lincoln Group 

kept safety in mind during all parts of 

design, construction, and operation of Pi 

Squared. We designed motor shrouds that 

prevent loose debris and any unwanted 

appendages from coming near the propeller 

during operation. During construction, we 

were sure to use proper gear, like goggles, 

when using equipment, in order to prevent 

injuries.  

When designing the electrical systems tool 

package connectors, the Female plug was 

always placed on the power side of the 

circuit, to reduce the chance of accidental 

shock.  In house outlets, the female 

connection is on the wall, which prevents 

people from accidently touching a live wire 

and getting shocked.  The male end is on 

the tool package, which is not always 

hooked to the power.  Can you imagine how 

many home accidents we would have if we 

had prongs sticking out of the walls that are 

live?  One has to purposely put something 

into the female end in order to get shocked.  

If this safety is demanded in our homes, 

then certainly it should be in the work 

place.  The Lincoln Group, by following this 

and other important safety principles in 

placing fuses and using proper grounding 

procedures, is setting the pace for Explorer 

Class vehicles. 

 
 
 
 
 
 
 
 
 
 
 
 
 
  



Budget 
 
 

 
 

 

Quantity Item Unit Cost Total

4 1/2" PVC Elbow-Joint $0.46 $1.84

12 1/2" PVC T-Joint $0.28 $3.36

3 1/2" PVC Cross-Joint $1.26 $3.78

1 1/2" PVC Side-Outlet Elbow-Joint $1.18 $1.18

6.3 1/2" PVC Pipe (per ft.) $0.15 $0.95

16 1/2" PVC End Cap $0.36 $5.76

0.5 1.0" PVC Pipe (per ft.) $0.90 $0.45

2 1.0" PVC End Cap $0.66 $1.32

2.4 3.0" PVC Pipe (per ft.) $1.25 $3.00

1 3/4" Screw in-Plug $1.26 $1.26

1 3/4" PVC T-Joint $0.47 $0.47

4 Propeller & Adapter $9.95 $39.80

4 Johnson 1250 GPH Ultimate Bilge Pump $25.95 $103.80

50 Zip Ties $0.02 $1.00

60 CAT5E Wire for Tether (per ft.) $0.11 $6.60

1 3" x 2" PVC Reducing Coupling $3.12 $3.12

120 16-Guage Wire for Tether (per ft.) $0.22 $26.40

1 3/4" PVC Union $3.76 $3.76

2 Camera $40.00 $80.00

0.25 2.0" PVC Pipe (per ft.) $0.66 $0.17

1 Vernier Light Probe $14.00 $14.00

12 1/2" PVC 45-Degree Joint $0.67 $8.04

1 Hobby Motor $2.97 $2.97

1 1.0" PVC Union $2.50 $2.50

1 Legos for Tool Packages $5.00 $5.00

1 4.0" PVC Clean-Out Plug $2.83 $2.83

2 4.0" PVC End Cap $7.71 $15.42

1.2 4.0" PVC Pipe (per ft.) $0.73 $0.88

8 5.0" Steel Hose Clamps $1.85 $14.80

2 7.0" Steel Hose Clamps $1.98 $3.96

6 1/2" Copper Pipe (per ft.) $0.97 $5.82

2 1/2" 90-Degree Copper Elbow $0.71 $1.42

3 Epoxy $6.99 $20.97

$386.62Total

ROV Expenses

11 
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Control and Interface Expenses

Quantity Item Unit Cost Total

8 Cytron 13A Motor Controller $16.33 $130.64

2 Raspberry Pi Model-B $35.00 $70.00

1 48V to 12V Step-down DC-DC Converter $45.00 $45.00

2 12V to 5V Step-down DC-DC Converter $17.50 $35.00

1 PWM Module $15.00 $15.00

1 Electrical Connecters $15.00 $15.00

1 Logitech Rumblepad 2 $30.00 $30.00

1 Linksys 8-Port Network Hub $54.99 $54.99

Total $395.63

Total ROV $782.25

Travel/Meals/Lodging Expenses

Quantity Item Unit Cost Total

4 Plane Tickets to Seattle $550.00 $2,200.00

5 Hotel Room (130/night for five nights) $130.00 $650.00

4 6 Meals including travel days $60.00 $240.00

2 Taxi/Shuttle to/from airport $40.00 $80.00

Income

Quantity Item Unit Cost Total

1 School Contribution $400.00 $400.00

4 Student Payments $750.00 $3,000.00

1 Donations $1,000.00 $1,000.00

Total $3,170.00

Total $4,400.00
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Barckhoff’s Principles 

 The Lincoln Group applied real-

world methods into the design and 

manufacturing of our ROV. We chose to 

follow the quality assurance methods 

developed by J.R. Barckhoff, author of Total 

Welding Management. Mr. Barckhoff has 

spent 40 years in the welding industry, and 

his vast knowledge helped him to create an 

evaluation system that works to improve 

production while decreasing costs, called 

the “Barckhoff Welding Management 

System.” This system takes the main areas 

of production, such as the Design and 

Manufacturing phases, and asks the 

question: what can/could be done to 

reduce the different costs in this area? His 

company looks at ways to reduce scraps, 

reduce the time it took to produce 

products, reduce the time to move 

materials from one workstation to the next, 

and many other cost factors to improve 

production capabilities. These basic 

principles helped his own company  be 

more efficient in its production, and 

increased profits. His methods were so 

successful that many other companies 

across America have adopted his principles 

into their quality assurance methods.  

The Lincoln Group evaluated our production 

capabilities in the design, manufacturing, 

and quality assurance areas of our 

company. We used the same evaluation 

methods for all of our tool packages, 

hardware, and the ROV itself. Although 

used in all aspects of ROV production, the 

development and production of our 

thruster shrouds probably best illustrate the 

use of these principles. We were able to 

reduce costs in all three areas of production 

while creating a more efficient thruster 

shroud than previous models.  

In the Design area, we were able to reduce 

scraps and the materials needed to build a 

thruster shroud by designing one that was 

simple and used fewer parts. The older 

models used four long screws to secure the 

motors into the shrouds. These screws were 

much too long, created drag while 

underwater, and didn’t fully secure the 

motor inside the shroud. The new design 

used hose clamps which cost less, create 

very little drag, and thoroughly secure the 

thrusters in place. We were also able to 

reduce work time by designing a shroud 

template that was reusable. This template 

allowed us to build identical shrouds in less 

time by placing the template around a piece 



 15 

of PVC pipe and cutting along the 

template’s outline. Finally, in order to 

reduce motion-delay time, we trained two 

specialists with the template so that they 

were able to produce the shrouds quickly 

and efficiently in one work station area with 

minimal excess motion, using similar tools 

and motions. The specialists also passed 

their knowledge on to newer members of 

the Lincoln Group so that next year we will 

already have specialists on the team. 

 In the Manufacturing area, we were 

able to reduce work time by creating a work 

station for the building of our motor 

shrouds. We compiled all of the materials 

needed to build a motor shroud in one 

place, and organized them by type. This 

allowed our specialists to have everything 

they needed in front of them even before 

they started building, which saved many 

hours of traveling to and from department 

stores or tool benches to fetch materials. 

With regards to reducing motion-delay 

time, we utilized assembly-line techniques. 

Each specialist would manufacture a 

specific piece of the motor shroud, and 

then pass it on to the other, who would 

manufacture another specific piece. This 

enabled each specialist to master the 

manufacturing of a specific part so that it 

was made with the same quality, but also 

allowed for evaluation by a second set of 

eyes that could spot mistakes as easily as 

the original builder. By incorporating these 

two manufacturing methods, we were able 

to reduce scraps and the needed materials 

to make an efficient shroud. 

 For the Quality Assurance area of 

our ROV, we let the specialists check each 

other’s work. As they built and assembled 

the pieces of the motor shrouds, they 

would pass their work on to another 

specialist, who would evaluate the piece. 

This helped us to spot mistakes in the 

manufacturing before they were put 

together into one shroud, preventing many 

hours of rebuilding and more evaluations. 

This also prevented the wasteful use of 

materials that would then become scraps if 

the piece was flawed. However, because we 

only have four members on our team this 

year, the only people evaluating the pieces 

were the people specializing in the 

manufacturing of those pieces. Without the 

evaluations from specialists outside of the 

manufacturing department, we lose the 

valuable insight of “fresh eyes” on how the 

process could be further improved. This 



 16 

flaw is something that we plan to fix in the 

coming competitions. 

 

Challenges and Troubleshooting 

Waterproofing was our biggest challenge in 

designing the ROV. At first, the tube that 

houses all of the on-board electronics had a 

severe leakage problem. We later found an 

exposed Ethernet cable that was largely 

contributing to the leaking problem. After 

sealing the exposed cable, additional Teflon 

tape was put onto the threads of the cap 

which seals the tube. After these 

modifications were made, we experienced 

much less water leakage. However, any 

amount of water on the electronics has a 

large potential for failure; therefore we 

continued to modify our waterproofing.  

All wires that entered the main housing 

were removed from their sealing, and 

resealed using the same wire stripping 

technique that allowed the epoxy to enter 

the coating of the cable on the tether. This 

stopped the leakage problem.  

There was an additional leakage problem 

with the individual tool package 

disconnections. The steel-reinforced epoxy 

that was used to originally seal the wires in 

the quick disconnects dried in such a way 

that sharp edges were against the wires, 

and led to cutting of some of the coating 

around the wires. To counter this problem, 

we rebuilt the disconnects using a different 

epoxy and pouring it into the inside of the 

capsules.  

Another challenge that we experienced was 

mounting the tube onto the ROV frame. 

Four individual PVC tees were dremeled to 

fit the curvature of the tube. We originally 

planned to glue the tees onto the tube; 

however the glue broke under the stress of 

the tube. To counter this problem, we 

dremeled two horizontal holes into the 

stem of each of the four PVC tees. A large 

hose clamp was placed through these holes 

and around the tube, allowing us to tightly 

secure the tees along the sides of the tube. 

The frame was then inserted into the 

openings on the PVC tees.  

Our final challenge that we experienced 

was cooling the on-board electronics. The 

electronics inside of the housing produce a 

large amount of heat when the cap is 

sealed. In order to counter this problem, a 

fan was installed into the electronics board 
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to allow for circulation inside the housing. 

Additionally a series of copper tubes were 

installed to allow cool water to pull heat out 

of the tube. 

 
Future Improvements 

Pi Squared is just the first in what is hoped 

will be several products for the Explorer 

Class ROVs. The first expected improvement 

will be changing the current orientation of 

the motors into one that uses a vector drive 

system. This will allow for much more 

precise control of the robot. A second area 

under consideration is swapping our 

upward and downward thrust motors with 

motors that have stronger force output. 

This would allow for faster movements 

laterally, and it would allow us to lift 

heavier objects.  A third improvement 

would be to redesign the current 

waterproofing system for the onboard 

computer. The current design is 

cumbersome, and hasn’t been tested at 

depths over 15 feet/4.6 meters. Part of the 

redesign would be changing the cap from 

the current screw-in cap to a more secure 

removable cap that makes use of O rings. 

 

Skills Gained 

 

Beyond the previously mentioned technical 

skills the GLHS Underwater Robotics Team 

gained in building its ROV, it has acquired 

many interpersonal skills. The team learned 

how to compromise on ideas. If 

disagreements arose, team members would 

try both approaches to a problem if 

possible, and if not, they would vote on 

which design they liked the most. This 

approach prevented most bickering about 

the ROV’s design. Unlike previous years, 

everyone had a voice, and thus, everyone 

felt as if they could contribute to team 

decisions. 

 
Mission Theme: Monitoring the Ocean 

Vital to this planet are its oceans, which 

dominate around 70% of its surface. 

Because the oceans can have such a huge 

impact on the world, monitoring them for 

changes is becoming increasingly more 

important. By tracking the oceans and 

observing their changes, smarter decisions 

can be made in the future. 

Current monitoring technology includes 

laying huge cables along the ocean floor. 

These cables house nodes designed to 

support a multitude of instruments, 

including tools to monitor data such as 
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temperature, salinity, and pH and oxygen 

levels. This information has very real 

applications. It can be used to assist with 

forecasting storms, tracking weather 

patterns, and analyzing the ocean’s 

biochemical environment. Data-video 

imagery can be transmitted to the Internet 

through dedicated high-bandwidth 

terrestrial telecommunication cables, which 

allows real-time communication. By 

continuing to monitor the oceans, 

especially the benthic zones, people can 

better observe how their actions can 

directly impact the biodiversity and health 

of those unique ecosystems. 

Reflections/Bios 
 

Nathan Alden 

Programmer/Electronics/Pilot 

 

I am a junior at GHLS, and this was my 

second year on the underwater robotics 

team here at GLHS. At the end of last year, I 

was beginning to think up ways that we 

could improve upon our old design. One of 

the most expensive parts to the ROV last 

year was its control system, which utilized 

three Lego NXTs and a large number of 

MOSFET boards. Replacing those with 

Raspberry Pi’s and motor controllers was 

my job for the year. It wasn’t an easy task 

by any means, but I've learned a lot from it. 

Not only have I developed personal skills 

from completing the task. I have also 

developed teamwork skills and am better at 

troubleshooting problems. I really enjoyed 

the experience of being part of the Lincoln 

Group here at GLHS, and I can't wait for 

next year! 

 

Ryan Richards 

Engineer/Builder/Photographer 

 
I am a second year member of the Gahanna 

Lincoln High School Lincoln Group. As an 

aspiring engineer, I have grown 

exponentially through this program. During 

my two years of being a member of the 

underwater robotics team, I worked 

specifically on design/engineering. As the 

lead designer/engineer this year, I had the 
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honor and privilege of constructing a large 

portion of the ROV. I have always enjoyed 

working with my hands and have yet to 

dislike building anything. Next year I will be 

attending The Ohio State University for 

Mechanical Engineering. I also plan on 

being a member of the Ohio State 

University’s underwater robotics team.  Of 

course, this year I plan on ensuring that the 

Pi Squared Explorer Class Vehicle beats the 

OSU ROV! 

 

Chad Benninger 

Communications, Finances/Operations 

 

The biggest challenge for me this year was 

getting to be a part of the Lincoln Group 

and our Underwater Robotics team. 

Gahanna Lincoln High School has always 

competed in the Ranger Class Division for 

the MATE Competitions, which does not 

allow college students to continue to work 

with high school teams.  Our team from last 

year did not qualify for the International 

Competition, so I wanted a second chance 

to go this year. However, now that I am in 

college, I wasn’t allowed to enter the 

Ranger Division.  

All hope for me seemed lost until my 

friends from last year decided that they 

wanted to try the Explorer Class Division. 

Explorer is where most colleges and 

universities compete, and they allow 

college and high school students to work 

together, which meant that I could once 

again be a part of it.  I am excited to be a 

part of the Lincoln Group and bring my skills 

to the Explorer Class. 

 

Austin Buck 

Engineer/Tether/Communications 

 

I am a senior at Gahanna Lincoln High 

school.  Science has always been one of my 

favorite subjects in school. This year I had 

the honor of becoming a part of Gahanna 

Lincoln Underwater Robotics Team and the 

Lincoln Group. While being on the team I 

have learned much about robots, 

electronics, ROVs and how to water proof 

things. Unfortunately, I am not able to 

attend the International Competition in 
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Seattle, but I will be monitoring things on 

the Internet!  

Outside of school I am a very active person. 

I am a 2nd Lieutenant with the Civil Air 

Patrol and currently the Cadet Commander 

at my Squadron. I have been in the Civil Air 

Patrol for a little over five years. My 

hobbies outside of school include 

woodworking, lifting weights, fishing, and 

flying. For the past two years I have been an 

employee at Wood Works Supply in 

Gahanna, selling woodworking machines 

and hardware.     

 

Acknowledgements 
 

The Lincoln Group would like to thank all of 

the people that helped to make this trip to 

the M.A.T.E. International Competition 

possible. First, we would like to extend our 

greatest thanks to Mr. Fred Donelson, who 

offered up his classroom and pool for 

designing, testing, troubleshooting and 

practice. He also provided us with some of 

our funding for materials for the ROV, and 

shared his extensive knowledge of 

underwater vehicles with us. We would also 

like to thank Mr. Ralph Alden for all the 

time he spent helping us to design and 

waterproof the ROV’s main circuit board. 

Mr. Dave Alden also gave us extensive help 

with programming the movements for our 

tool packages.  Next, we would like to thank 

Mr. James Hartley for helping us to design 

the wiring for the Onboard Electronic 

Harness, and for all his help with general 

wiring.  We extend our thanks to Mr. J.R. 

Barckhoff, whose principles on quality 

assurance helped us to design an ROV that 

reduced costs from last year and still 

allowed us to build a quality ROV. Finally, 

we would like to thank our families and 

friends for all of their funding and support, 

and for inspiring us to reach new heights. 

 

 

 

 

References 

 

Barckhoff, J.R.  Total Welding Management.  

Miami, Florida: American Welding 

Society, 2005. 

 

Blanchard, Eugene. “A better MOSFET  H 

Bridge Schematic.” The Using Mosfets 

Website. August 2007. Web. 17 Dec. 

2009. < 

http://www.cadvision.com/blanchas/he

xfet/np-s.htm> 

 



 21 

References (Continued) 

 

http://www.marinetech.org/files/marine/fil

es/ROV%20Competition/Missions%20and%

20Specs/2013_GENERAL_INFORMATION3.p

df 

 

http://www.oceanobservatories.org/design

/technology/cable-systems/ 

 

“Interfacing with a PS2 Controller.” Curious 

Inventor. 2008. Web. 21 Dec. 2009. < 

http://store.curiousinventor.com/guides/PS

2/> 

 

McCubbin, Andrew. “Sony Playstation 

Controller Information.”  13 Aug. 1998. 

 

Moore, Bohm, & Jensen. Underwater 

Robotics: Science, Design, & Fabrication.  

Monterey: MATE Center, 2010. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 22 

Appendix 

 

 

 

Figure 1 

 

  



 23 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 
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Figure 3 
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GPIO Pinout for On-Board Pi 

Pin Designation  Connection 
 
 1 3V3 Power  PWM VCC 
 2 5V Power  Voltage Regulator SV out 
 3 GPIO/SVA  PWM SDA 
 4 5V Power  unused 
 6 GND   PWM GND 
 7 GP04   Controller 1 DIR 
 8  GP014  unused 
 9 GND   Voltage Regulator GND OUT 
10 GPIO15  unused 
11 GPIO17  Controller 2 DIR 
12 GPIO18  Controller 3 DIR 
 
13 GPIO21  Controller 4 DIR  
14  GND   unused 
15 GPIO22  Controller 5 DIR 
16 GPIO23  Controller 6 DIR 
17 3V3 Power  unused 
18 GPIO24  Controller 7 DIR 
19 GPIO20  unused 
20 GND   unused 
21 GPIO9  unused 
22 GPIO25  Controller 8 DIR 
23 GPIO11  unused 
24 GPIO8  unused 
 
 
 
 

Figure 4 
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Motor controller layout

 

Figure 5 

 

Pi GPIO Layout 
 

 

Figure 6 
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Ethernet for Pi 

 

 

Figure 7 


