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Stockbridge High School Gold Team 
Stockbridge High School - Stockbridge, MI 49285 

 

ñUsing robotics and 3D printing to Inspire, Engage, and Educate, while 

leaving a positive impact on the world.ò 

 

Back: Faith Whitt, Colin Lilley, Madi Howard 

Front: Kael Bunce, Michelle Zemke, Jake Chapman 

*Photo by Kelly Cool 
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Abstract 

As the Stockbridge Gold Team, we are devoted to designing, engineering, and marketing 

an Underwater Remote Operated Vehicle (UROV) that is capable of solving any task presented 

to us. At the 2017 MATE international competition, the missions deal with hyper loop 

construction, light and water maintenance, environmental cleanup, and risk mitigation.  

Our ROV, The Flounder, is specifically designed to complete the challenges that 

accompany this competition. We have constructed an innovative frame that will easily glide 

through the water with little resistance. In addition, we have equipped our robot with five 

thrusters that will enhance our companyôs performance. We have positioned our Blue Robotics 

T-100 thrusters in three different locations, two that move our robot up and down, two that move 

our robot left to right, and our fifth thruster allows our robot to move laterally for precise 

movement to effectively and efficiently complete any task. The claw thatôs positioned on the 

front of the robot allows our company to safely perform high level missions, such as the hyper 

loop construction. Also, our newly developed electronics and software allows us to control all 

five of our motors, as well as our camera and claw all on one microcontroller. With all these 

advancements on our ROV, we are able to more efficiently solve the many assignments given to 

us. We believe that because of these advancements, our ROV can not only solve the mission 

tasks, but fix real world problems through hard work, cooperation, and determination. 

 

 

 

  

Top view of ROV, including our clear acrylic electronics housing 

*Photo by Michelle Zemke 
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Teamwork 

Company Effort:  
Running our class like a company has many advantages to our effort and productivity. 

The real world projects that we work towards every year forces us to care about the quality of 

our robot and our teamwork. The aspect of teamwork plays a factor in our everyday class 

procedures, you cannot be successful in the pool or on the boat if you are not first successful in 

the classroom with your team. Our instructor, Robert Richards, understands this concept and 

applies it while we are learning and improving our robots. He gives us, the students, the 

materials to produce our robot but encourages our creativity, ideas, and problem solving in a 

hands on approach that optimizes our learning experience. 

 

Company Assignments: 
To achieve the level of efficiency that our program preforms each year, our company 

assigns tasks that allow each of our six team members to perform to their individual ability. Each 

team member was given each task based upon their strengths. Once the missions were released, 

the engineering team met together. They discuss how they are going to build and test the new 

payload tools. They tested each new concept to see which was the most effective. The marketing 

side decided how each team member was going to contribute to the technical document, poster 

and presentation. This system allows each member strengthen the teamwork of our company. 

Operating in this structure, we have the confidence that our robot and its attributes will perform 

to their best abilities.  

 

Colin Lilley:  Pilot and Structural Mechanic 

Faith Whitt:  CFO and Media Display Designer 

Jake Chapman: Chief Media Executive and Technical Report Writer/Editor 

Kael Bunce: Engineer and Design Manager 

Madi Howard:  Head of Engineering and Technical Report Writer 

Michelle Zemke: CEO and Technical Report Writer/Editor 

 

 

 

 

 

 

 

 

 

 
 

 

 

  

Photo of Madi, Colin, and Jake 

working together to complete a 

mission at the MATE Regional 

Competition. 

*Photo by Robert Richards 
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Project Management: 
 Our team is very concerned with sticking to a 

schedule because of how many projects we have 

going on. Every task that is given to us requires 

lots of work to go with it. This means that each 

individual has a certain job for everything that 

needs to get done on that specific day. Each and 

every day, our company had a briefing before 

and after class had ended. There, we would talk 

about what we needed to get done today, and 

what we would need to finish up the next day. 

We set clear and concise goals to ensure that all 

tasks were completed each day. We kept track of 

everything that we did by writing down what we 

had done in our engineering notebook, as well as 

a management site called Trello. Everyone is 

able to communicate easily through this site. 

This helped us when there was someone gone, so 

we could pick up on the task that they had been 

working on the previous day. Every part that our 

company needed was run through our CFO, 

Faith, before they were bought in order to stay 

within our budget. Our company also has regular 

checkpoints for every month because we needed 

to see if we were ahead or behind schedule. 

Based upon our progress at the end of each 

month, we would decide what we would need to 

do for the next month ahead. Since we run our 

class like a business, we keep an Implementation 

Plan to stick to throughout the year. It is posted 

below. 

 

 

January- Students start new semester of the school year. Begin on building and engineering a 

new ROV for upcoming underwater robotics competitions. 

February- Students continue to go through the design process in building their ROV. 

March- Students compete in the Square One Education Network Underwater robotics 

competition. They write and submit their technical paper for the MATE Regional competition. 

April - Students prepare for the MATE Regional competition by going to the pool weekly. April 

21, 2017 compete in the MATE Regional competition. 

May- Prepare for the MATE International competition in Long Beach, CA. Fundraise $10,000 

for travel and hotel in Long Beach, CA. Submit the technical document by May 26. 

June- Submit the Outreach and Inspiration document. Participate in the MATE International 

competition. 

 

This is a photo of our Trello planning 

project, which we use to stay organized. 

*Photo by Jake Chapman 
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Design Process: 
 

 

 

 

 
                  

 

 

 

1. As a team, we first determined what the problem that we wanted to solve was. We 

decided that our goal was to effectively design an ROV to complete the tasks at the 

MATE ROV competition, as well as preform in real world missions. 

2. To start the design process, we read the MATE competition manual and determined what 

we could build to preform to the best of our ability. We sketched and drafted out a 

design.  

 

3. To test several designs, we made cardboard cutouts to get a large-scale view of what our 

potential ROV would look like.  

4. We assembled our first ROV based on the blueprints we made in the previous steps. 

5. We tested our ROV in the pool and in a smaller competition to see what we could 

improve on. Then, we adapted the design and repeated the process until we have our 

current ROV.  

 

 

Left: A sketched design of our ROV. 

Below: Rotating manipulator design  

*Photos by Michelle Zemke 
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Design Rationale 

Control and Electronics 

 Using the knowledge we gained previously when working with aerial drones, our 

company has completely redesigned our control system to mimic the same system that our 

drones use; therefore, this allowed our pilot to easily maneuver and complete all of the mission 

tasks in a timely fashion. To do this, we have switched to a Pixhawk microcontroller to control 

our motors and servos.  

Our ROVs electronics are completely underwater, except for one topside board, which 

receives signal from the ROV and converts the signal to a USB plug for convenient access on a 

laptop. The interface we are using includes QGroundControl, and it allows us to control the ROV 

using a wireless game controller. The wireless controller allows us to have better cable 

organization, and it gives us joystick functions instead of buttons or switches.  

            On the ROV itself, our five motors are controlled by basic electronic speed controllers 

(ESCs). We chose to use a Pixhawk microcontroller to control all five PWM signals from the 

ESCs because it is easily programmable with our computer cockpit interface. Signal is sent to the 

topside board by another Fathom-S interface boards that connects to the Pixhawk. This system is 

user-friendly and gives us capabilities to run up to 10 motors and/or servos.  

 Having the capabilities to control up to 10 servos or motors is helpful to 

us in the competition. This allows us to incorporate more payload tools, such as rotating devices 

to help spin the valve in mission #2.  

 

  

  

Clear acrylic housing containing 

our electronics 

*Photo by Kelly Cool 

Rear view of the ROV with the SEACON 

connectors going from the housing to the tether 

*Photo by Kelly Cool 
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Structure 

To design our ROV, we first started by 

sketching designs we thought would be best suited 

for the challenges ahead of us. Our company met 

and we presented our ideas and combined them into 

our first design. We constructed two completely 

different prototypes and tested the positives and 

negatives to each design. We soon learned that we 

needed to cut down our design because a smaller, 

more compact frame made the ROV move more 

efficiently in the water. We chose to use İò PVC for 

our frame. To make transportation efficient, we have 

created a vehicle with a height of 42 cm and width 

of 33 cm and a length of 30 cm for easy shipping. 

By utilizing minimal material, one person can carry 

our whole ROV. When using this material it makes 

it easier to maneuver through the MATE 

competition, which helps us practice for real-world 

situations. With all of these considerations, we 

believe that our current design is both practical and 

innovative. 

 

 

Buoyancy 
We believe that buoyancy 

and floatation is a very important 

aspect in any ROV. Our clear acrylic 

electronic housing serves as a double 

purpose. The first is to encase our 

electronics in a protective water tight 

housing. It also serves the function 

of our ROVs buoyancy pod. The 

housing is located in the middle of 

our ROV to keep consistent 

buoyancy because of its central 

location. The housing is depth tested 

down to 300ft. Our company 

specifically tested it this past 

summer in the Great Lakes, down to 

200ft. 

 

 

 

Front View of our ROV 

*Photo by Kelly Cool 

Front view of the ROV, showcasing the dome endcap. 

*Photo by Kelly Cool 
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Tether 
Our tether is very manageable. It consists of 1 piece of Cat-5 wire, as well as positive and 

negative wires, which makes our tether much smaller than other systems. Having a smaller tether 

is very valuable to the robot because there is not as much drag behind the ROV. It is easier for 

our members to supervise the tether at the surface. Our tether is in a sleeve of nylon, braided, 

protective casing, called TechFlex. We have also constructed a U-Bolt strain relief to ensure that 

our tether cannot pull off our end cap; consequently, the tether also remains directly behind the 

ROV at all times. This allows us to complete mission tasks quickly and not waste time on being 

caught on the props. 

           Motors 
We are using T100 thrusters from Blue 

Robotics because they are efficient and durable. Our 

company decided on using five thrusters to 

maximize performance of the ROV. Having a five-

thruster system compared to a four-thruster system 

works better because it allows the ROV to have a 

lateral thruster. This will help during mission #2 

when we have to unlock the locking mechanism at 

the base of the fountain. The five- motor system is 

the perfect median between both weight and thrust.  

 

 

 

 

    Camera 
Our company chose to apply a Blue 

Robotics analog camera. We have found this 

camera to be more reliable compared to other 

Ethernet versions. This camera is at much higher 

standards compared to our competitorsô camera 

systems because we are able to view the feed on a 

laptop display. This helps with our organization 

during the competition. In addition, the camera 

helps us to complete missions such as helping our 

pilot maneuver the ROV through the 

environmental cleanup in task 3.We have also 

developed a 3D printed camera tilt to further our 

capabilities in the missions.  

 

 

 

 

 

View of our Lateral Thruster 

*Photo by Kelly Cool 

View of the dome end cap on our 

electronics housing. 

*Photo by Kelly Cool 
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Claw 
We chose to use a Vex claw as 

our first payload tool because of the 

many functions that accompany it. The 

Vex claw has a wrist that moves 

vertically up and down. This function 

will specifically help turn the valve to 

stop the flow of water in task 2. In 

addition to this functions, the claw can 

also open and close to obtain objects. 

By having a Vex claw, our company has 

enhanced its efficiency and can 

complete the missions easier.  

 

 

 

 

Other Payload Tools 
 To more effectively complete the mission tasks, our team developed three aditional 

manipulators and payload tools. The first is a rotation device that helps spin the water flow valve 

in mission #2. It is controlled by the wireless controller and consists of plastic and vex motors. 

We also made a measuring device to effecively determine the distance and direction from the 

high-risk container so that we can make the correct diagram for mission #4. It is simpily a small 

measuring tape with a hook attached. Finally, we made a sediment sample device to collect 150 

mL of Agar in mission #3. Finally, we have a red led light that is secured to the bottom of our 

claw so that we can highlight the sediment samples in mission #3.  

 

 

 

 

 

 

 

Above is a picture of a payload tool we 

attatched to our ROV. This payload tool will 

help us with the Light and Water Show 

Maintence Task. To build this tool, we used a 

vex motor, PVC, and ABS plastic frrom a 3D 

printer. 

*Photo by Michelle Zemke 
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This is our VEX claw 

*Photo by Michelle Zemke 

Above is our measuring device for task 4 

that allows us to identify the distance 

between contaminated containers. 

*Photo by Michelle Zemke 
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3D Printing 
 Our classroom setting is very unique due to the fact that we have a lab of 13 3D printers. 

This allows us to print multiple objects at a time in order to make the most robust ROV. Our 

company used 3D printing to make various parts for our ROV. The base of the claw was 

designed and printed, as well as the tube holders that secure our electronics housing. We also 

used 3D printing to construct an electronics plate. Most other companies have bought the Blue 

Robotics electronics plate that costs around $80, while we are able to print the same thing for 

less than $10. 3D printing has helped our company make a low-cost and effective ROV for the 

MATE International Competition. 

Waterproofing 
From previous experiences, our team has learned that waterproofing can become a 

serious issue. Because of this, we invested in commercial grade SEACON connectors. Our 

watertight housing is depth rated to 300 ft, and it includes a double O-ring seal. We have tested 

this in Lake Michigan 180ft deep, surveying the Christmas Tree Shipwreck. To waterproof our 

servos and vex motors, we pack them with lithium grease and coat them with epoxy.  

 

  

Rear view of the ROV, showing the SEACON connectors. 

*Photo by Kelly Cool 

3D Printed Baseplate and Tube 

Holder 

*Designed by Faith Whitt and 

Madi Howard 


