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Abstract 

Autonomous Underwater Vehicles are complex, powerful machines capable of solving 
many difficult aquatic tasks. Oil companies use them to map the sea floor before 
constructing an oil drilling platform, the military uses them to find underwater explosives, 
and scientists use them to study aquatic organisms. NAVSEA’s goal in sponsoring our 
AUV vehicle is to increase student interest in the engineering of autonomous and 
aquatic robotics. To be successful at each task during the competition, we must develop 
a system capable of hearing, seeing, and feeling the surrounding environment.   As a 
first year team, our biggest struggle was starting from scratch.  We were, however, 
fortunate to have team members with valuable experience from internships, student 
clubs, and engineering competitions.  
 
We categorized the design of our AUV into three main sections: Mechanical, Visual & 
AI, and Electrical Systems.  This journal will briefly explain the most important aspects of 
each subsystem.  Additionally, we will describe our team goals and plans for future 
innovations. 

 Mechanical Systems 
I. Pneumatics 

 
The pneumatic aspects of our vehicle are truly the backbone of our entire mechanical 
system.  They are the perfect fit for an aquatic vehicle since the pneumatics control 
system can be kept dry while the pistons actuate freely.  An image of a typical piston 
is shown below.  

 

 
Figure 1: A Typical Piston 
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Since we had no experience with pneumatic systems, we spent numerous hours 
researching pneumatics and speaking with vendors to determine the required valves, 
manifolds, tubing, and fittings required to build a successful apparatus.  A standard 
paintball tank was chosen as the air source of the system because of its compact 
size, affordability, and tolerance of high pressures. The air pressure released from 
this tank is reduced to 100 PSI, fed through a manifold, and then redirected into 
multiple ports.  These ports (governed by electronic solenoids) release air into pistons 
which, in turn, actuate our claw, marker droppers, and torpedo launchers.  We would 
like to thank Clippard Minimatics for donating the vital components necessary to 
make our pneumatics system a success. 

 

II. Marker Dropper: 3D Studio Max and 
Google Sketchup  

 
Early on, we decided to use 1” steel 
spheres as markers. Because they are 
compact and 8 times heavier than water, 
they fall very fast and straight.  We 
modeled our dropper design in 3D and 
then printed several on NAVSEA’s 3D 
printer. A sphere is placed into the top of 
the tube and is stopped by the blue track. 
On command, the blue track is pulled 
from beneath the sphere, enabling it to 
fall through the tube and toward the 
target box. 

 
Through 3D models and 
simulation techniques, we are 
able to design a device which is 
much more reliable than previous 
designs. Modeling in virtual 
space allows us to quickly iterate 
through ideas without having to 
build physical prototypes. 

 

 

 

 

 

 

 

 

Figure 2: 3D Model of Marker Dropper 

Figure 3: Final Printout 
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III. Torpedo: SolidWorks Modeling to Calculate Density and Center of Mass 

 

To achieve a successful torpedo launch, our 
projectiles must meet two vital criteria; they 
must be as close to the density of water as 
possible and have a center of mass at their 
geometric center. 

 

Buoyancy and center of mass calculations 
would be somewhat difficult to solve even 
with most software packages.  However, 
through the 3D modeling program 
SolidWorks, we were able to easily obtain 
these.  After perfecting the torpedo design, 
we exported the 3D printable file and sent it 
to production. 

 

            Figure 5: Parts of the Launcher, and a Torpedo 

IV. Grasping Device 

 

For our initial claw design, we planned to use a lead screw and 
motor to linearly move two “fingers” to pinch an object. After 
further investigation, however, we realized it will be too difficult 
to seal the motor shaft underwater. Thus, we decided to use a 
pneumatically controllable solution. 

 
We contacted several different companies about the feasibility 
of using a commercial pneumatic gripper underwater. AGI 
Automation has a solid design and history of success with 
their claws and generously donated one to us. They also 
provided a rotary actuator which allows us to quickly and 
easily rotate the gripper to grasp both vertically and 
horizontally oriented. 

 
V. Propulsion 

 

When selecting our thrusters, we considered one major 
statistic: thrust per watt. That is, the amount of thrust 
achieved per watt of battery power consumed.  At first, 
we decided to create our own thrusters to reduce our 
costs. After some research, we discovered that a bilge 
pump would be our best home-made solution. However, 

our tests revealed bilge pumps were far too energy 

Figure 4: 3D Model of Torpedo 

Figure 6: Pneumatic Gripper 
and Rotary Actuator 

Figure 7: BTD150 Thruster 
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inefficient, and we could not risk having them fail. 
Thus, we have chosen the professionally made, more efficient Seabotix BTD-150 
thrusters. Utilizing these thrusters, we gain more thrust with less power expended. 
Batteries are heavy and expensive, so the less power our thrusters require, the fewer 
batteries we need. We believe that the advantages of the vehicle weighing less and 
being more energy efficient is worth the extra cost of the commercial thrusters. 

Visual and AI Systems 
I. Computer Vision & Optics: OpenCV 

 

Since there are many items we need to 
identify visually, our image processing system 
is proving to be an incredibly important aspect 
of this project. For the required competition 
tasks, we have decided to utilize Open 
Computer Vision (OpenCV) which is widely 
used in research and academia. The OpenCV 
libraries can be used in many languages, 
including C, C#, C++, and python. We have 
chosen to use C++ because of its widespread 
use and familiarity.  
 

 

  

Figure 8: Identifying Circles 

Figure 9: Identifying Orange Path 
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II. Computation 

 
Without the performance capabilities capability of the 
main computer, the submarine would literally be 
dead in the water. Since this component is so 
expensive, we ensured that we made no mistakes 
when purchasing our computer. The most 
demanding task for the computer will be the artificial 
intelligence (AI) and image processing using the 
OpenCV libraries. Our software design team 
assessed how well their image processing algorithms 
performed on a variety of hardware platforms and 
used this information as a benchmark for when 
determining our hardware specifications.  

 

One major concern we have is the type of digital input and output ports available on 
the motherboard.  To keep things simple, we have separated our computation into 
master and slave systems.  The master motherboard sends commands (via serial 
communication, firewire, and USB) to other devices such as microcontrollers, a 
custom PCB, cameras, etc.  An overview of the control system and other systems 
can be found in the Arete’s software architecture in Appendix 1. 
 

 

             Figure 11: Main Computer Connected to Several Subsystems 

 

Figure 10: Main Computer Board 
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III. Control System 

 

The software of the control system has been designed to be much more robust than 
earlier prototypes. An extensive physical model of the submarine and operating 
environment in conjunction with tactful measurement filtering allows Arete to 
remained balanced and move smoothly through the course. Due to the complexity of 
modeling fluid flow, the control system will rely primarily on feedback from image 
processing to account for drift currents during a run. Thus, the need for dead-
reckoning will be greatly limited and will serve only to enhance navigation or to take 
over during a catastrophic failure of the primary system. An overview of the control 
system and other systems can be found in the Arete’s software architecture. 
(Appendix 1). 

Electrical Systems 
I. Communications PCB 

Inside our pressure case is an array of 
subsystems and sensors which need to 
communicate with a central computing 
device. To establish this communication, 
we designed a PCB which mates with a 
commercial microcontroller board, the 
Digilent Chipkit Max32. Our PCB has over 
30 connectors which mate with our 
accelerometer, gyroscope, compass, 
computer, leak detector, power supply, 
depth sensor, motor controllers, and 
solenoids. 

The microcontroller PCB allows the “master” computer to be dedicated to image 
processing tasks and delegate smaller tasks to the “slave” microcontroller.  

  

Figure 12: Communications PCB, With WSU Logo 
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II. Balancing, Navigation, and Orientation 

 
During the competition, it is crucial that 
the sub stay level while in the water. We 
also performed some simulations of how 
the sub would react to external stimuli by 
manipulating an accelerometer. As it 
tipped, the motors would speed up 
attempting to maintain a level position.  
We started out with this simple 
proportional controller, but for the 
competition we developed a more 
sophisticated PID controller. 

 

We plan to utilize a pressure transducer 
to determine our depth. The sensor 
outputs current to represent depth, so we 
designed a circuit using an 
instrumentation amplifier in order to convert the sensor value into a voltage which will 
be read by a microcontroller. 

 
III. Acoustic Location System: VHDL & MATLAB 

 

Another of the AUV’s tasks is to be able to locate the source of an acoustic 
transducer. Our first design involved three evenly spaced hydrophones. These 
hydrophones are connected to a Field Programmable Gate Array (FPGA) through an 
analog to digital converter (ADC). The FPGA will be responsible for calculating the 
amount of time between the reception of each pulse and reference a look up table to 
determine the angle of the 
pinger with respect to the 
hydrophones. We used MATLAB 
to create a simulation of this 
scenario based on varying delay 
times. 

 

In this image, the hydrophones 
reside at the origin. Each line 
shows possible angles at which 
a hydrophone could lie. This is 
based upon the amount of delay 
between two hydrophones. By 
examining these lines, we are 
able to accurately determine the 
angle at which the pinger is 
located. 

Figure 13: Controlling Motors with an Accelerometer 

Figure 14: Simulation of Pinger Angle 
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IV. Power Supply 

 
We decided to use a DC-DX ATX power 
supply for the main computational 
computer. This decision was made for 
three reasons. First is that it provides a 
clean, steady power source from our 
batteries that is easy to setup. Second, it 
provides several key voltage rails that we 
can use to power other parts of the AUV. 
Finally, it is also highly configurable, 
allowing us to control it from the computer 

and continuously monitor its status.  

Conclusion and the Future of Team Arete 

Our faculty mentor plans to continue this project at WSU.  Two of our original team 
members will return to WSU next year to help teach new students about the project. With 
the combination of detailed documentation, well commented source code, and our team 
website, new members should find the learning curve of this project to be quite friendly.  
 
As a first year team, we believe that we have created a quality vehicle.  Throughout the 
past few months, there has been an incredible amount of work put in to this AUV.  In 
future years we hope the new WSU RoboSub team will be able to improve on everything 
we have accomplished. 

 
As WSU RoboSub continues on in the future in the form of new teams, we hope that they 
will continue to bring excellence to the field of Autonomous Underwater Vehicles. 
 

 

Figure 15: DC-DC ATX Power Supply 
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