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2 SPSU AUV Team 

Abstract 

 

Hornet II is a prototyping 

platform for the SPSU AUV 

Team. This sub has been 

built as a way to test ideas 

in as stable an environment 

as possible. While building 

the sub, the team was 

concerned with making a 

lightweight, robust, and 

easy to work with system 

that we will be able to use 

for at least two more 

competitions. Going hand in hand with a simple submarine design, the program was 

coded as a single unit so that we did not have as many things running on the 

computer. Steam lining the code only came up after our software team struggled with 

Robot Operating System or ROS for short. The communication between the 

cameras and the embedded PC use regular USB, and communication to the motor 

drivers is done via an Arduino Uno. 

 
Dimensions 

 

31”x21.5”x11.5” 
4x SeaBotix BTD150 Thrusters 
2x PointGrey Chameleon Cameras 
1x Portwell 1.8GHz Atom embedded PC with 4 Gigs DDR3 RAM (Computer) 
1x Depth Gauge 
 
 

Team 

 

Team Objectives 

The Team Objective for the 2011-2012 competition year was developing a core 
group of students that would be willing to dedicate themselves to the future of the 
team. Since our objective did not focus on the sub itself, we sought out to build a 
simple sub that we could use to build off of in the future. 

 



 
 

 

3 SPSU AUV Team 

Team Organization 

The team consists of four members 
and three advisors. Since we are 
such a small team, each individual of 
the team took it upon themselves to 
constructively work on the project. If 
a member saw that a particular task 
needed to be done and they had the 
skill set needed for such a task, then 
they would work on that particular 
task. Every member was encouraged 
to voice any idea that they had, or 
build a prototype of their idea and 
then present it to the rest of the 
members. 

 

Work Methodology 

Throughout the building process of the sub, the team valued teamwork and teaching 
others. While we all had the basic skills in all pertinent areas of the build, each 
person was stronger in their particular area of the build than the other members of 
the team. But, while we were naturally able to divide the workload evenly, we were 
still able to assist other members of the team. Also, we had many prospective 
members join the team. And although they did not stay for the duration of the project, 
the core group taught them skills in the area they were most interested in order to 
become a valuable member of the team. 

 

Design 

The structures team was 
responsible for designing and 
building a brand new submarine 
that we would be able to use for 
multiple competition years. The 
prior subs were simply too bulky 
and cumbersome for a new team 
to work with. The development of 
this sub has been a very slow 
process this year but we have 
developed good ideas to 
incorporate for future projects. 
The frame is a 20 mm railed 
aluminium extrusion. This choice 
was made to allow a high degree 
of freedom for moving individual components around the submarine. This is very 
useful to balance the sub in the water; the rail system allows us to move weight 
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around rather than adding unneeded objects to the sub. We are able keep a very low 
profile submarine due to our ability to move components around. Since our 
submarine is in its early stages, we need the modularity provided by the 8020 
aluminium extrusion. 

 

To complement the frame, United Metal Craft manufactured our main housing out of 
6061 aluminium alloy. They chose this particular alloy because it is easily weldable 
and could build it to our specifications more easily. Our main housing is comprised of 
five separate pieces: the lid, the collar, two side halves, and the bottom. Everything, 
except the lid, was welded together to create a watertight environment and a channel 
was machined into the collar. The groove is for an O-ring to help ensure a watertight 
environment. 

 

We have two camera housings on Hornet II. They are both located on the front of the 
submarine but act independently. Although this adds minimal weight to the sub, we 
chose to air of the safer side and have the cameras located in two separate 
housings; in case one housing floods we do not lose both cameras. 

 

This year we do not have 
manipulators or torpedo launchers. 
These will be included next year at 
the 2012-2013 AUVSI competition. 

 

Hornet II has four SeaBotix 
BTD150 Thrusters located on the 
perimeter of the frame. We have 
two horizontal thrusters and two 
vertical thrusters. This thruster 
design gives us two degrees of 
freedom; pitch and yaw. To prevent 
roll we rely on the stability of the 
frame.  

 

Electrical 

Our main systems are positioned primarily in one aluminium housing. This was done 
to help control temperature and to cut down on unnecessary space. The working 
electrical system is comprised of 3 main controllers: the embedded PC, the Arduino, 
and the motor drivers. Each one of these controls a certain aspect of the sub, and is 
crucial for success.  
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Computer 

Donated from Portwell, our embedded PC is small but really packs a punch. At only 

5.75” long by 4.00” wide, the PEB-2771VG2A boasts an Intel Atom 1.8GHz 

processor, 2 USB 2.0 ports, serial communication, 4GB of RAM, and 8GB of on-

board flash storage. Power consumption for the embedded PC is low, but provides 

us with more than enough power for image processing and navigation. When 

choosing our main processing unit for an operating system we wanted to go small 

and compact. The PEB-2771VG2A allows us to do that with ease. Also, because of 

the nature of our main enclosure, heat is hardly an issue. In the future, we plan on 

using the PC for more powerful calculations in regards to navigation and sensory.  

 

Batteries 

Our sub runs on a total of three 14.8 Li-ion batteries. Two batteries are used to 

power the motors, and the other is used for the sensors and other controllers. 

Running under normal conditions the sub can last for up to 45 minutes without a 

recharge. This is due to one battery running our vertical thrusters which, when 

running at a constant rate, takes between 45 minutes and one hour to deplete. For 

battery monitoring we use the Arduino to warn when voltage reaches the danger 

level. Upon reaching a danger level in voltage the Arduino runs its surfacing method 

to prevent any damage.  

  

Arduino 

We choose the Arduino platform 

because of its vast knowledge 

base and its ease of use. 

Furthermore, Arduinos are 

relatively cheap and preform 

beautifully out of the box. We are 

using the Arduino for basic 

voltage monitoring on all power 

systems. Also, through the 

Arduino’s capabilities in pulse 

width modulation, the Arduino is 

capable of sending values to our 

thrusters to navigate the course.  
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Motor Drivers 

To drive our 4 SeaBotix thrusters, we are using 2 2x5 Sabertooth motor drivers. With 

these boards it is easy to power motors using a range of things from Pulse Width 

Modulation to serial communication. Because they are easy to use, we were able to 

spend more time gathering data for our structure and less time worrying about our 

electronics 

 

Software 

The software that runs the main program on the embedded PC is written in C++. Our 

software uses the OpenCV library to obtain and process image feeds from our 

cameras. The source code for this program is divided up into many files. Each file 

contains either an entire sub-

system or code that the main 

method calls for, such as the 

code that tells the sub how to 

enter the gate.  

There is also an Arduino that 

communicates with the main 

program. This Arduino 

controls the two Sabertooth 

2x5 motor drivers which 

power the sub’s thrusters. It 

is also hard coded to not 

allow the sub to go to a depth 

of more than fifteen feet (15 

ft.) by ignoring any commands to go down. Support has not been added yet for the 

main program to receive feedback from the Arduino, not including how the Arduino 

sends data back indicating thruster power settings and depth warnings.  

 

Software Layout 

Originally, the sub was intended to use the Robot Operating System (ROS). 

However due to time constraints and the fact that our main code developer would 

have to learn how to use ROS and learn C++ simultaneously, we had to switch to 

one C++ program. Our source code is split into different files. Currently, we have 

every file in one folder, but as we organize and expand our code, they will be put into 

dub-directories. The program is divided into three sub-systems: Mission, Movement, 

and Objective 0.  
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The Mission sub-system contains basic functions for other parts of the program to 

use. These are mostly for debugging, and human readable commands for the sub to 

follow. The main method looks similar to this: 

startup(); 

enterGate(); 

endMission(); //performs methods and ends program returning 0 

return 1; //this line should never be reached 

 

The Movement sub-system contains commands for the other sub-systems to use in 

order to make the sub move. The functions give commands to the thruster Arduino 

telling how much power to give to a specific thruster; very little processing is done on 

the Arduino itself. We included the code for the Arduino to be a part of this sub-

system.  

 

The Objective 0 sub-system is one function split up into five different files. This 

system’s function is to enter the starting gate. It is split into four different parts: 

Identifying the gate (two files), aiming the sub, determining distance from gate, and 

going towards the gate. 

 
 

Conclusion 

The SPSU AUV Team would like to thank all who helped the team this year. We 

received help on numerous occasions from our school, including the MET, ECET, 

and EE departments. We would like to extend a special thank you to our advisor, 

Professor Tippens; former team members Chirsty Hilly, Travis Prather and Brandon 

Stringfield; Associate Director Ron Lunk. Without their help, we would not be able to 

compete in this year’s competition. 

We would like to thank our sponsors who have given us the resources to 

successfully complete our submarine this year. 

 


