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Abstract 
2012 marks the maiden voyage of AUV Dreadnought. She was design for the 15th  International AUV RoboSub 
Competition co-sponsored by the Association for Unmanned Vehicle Systems International (AUVSI) and US Office 
of Naval Research (ONR). Remote operated vehicles (ROVs) enables the exploration of even the most dangerous 
depths, and the most dangerous heights without placing life in direct harm. However Autonomous Underwater 
Vehicles (AUVs) can do all this on their own without the error and inconsistencies that are frequently associated 
with ROVs. The full intent of AUV Dreadnought's (1.0v) is to be inventive and brilliant. She will approach every task 
in a functional simple manner. Her overall goal is to not “win” the RoboSub competition, but to be the beginning of 
a continuing annual project offered by Mt. San Antonio's Engineering and Physics Department. 
 
 
AUV Dreadnought – Quick Facts 

Propulsion (3)Johnson 1250 motor 
cartridges 

Max Speed 1 m/s 

Camera ROS Color Camera Max Depth 10 m 

Max Autonomy 1 hour @ Max Power Max Weight (land) 15 kg 

CPU Zotac  Zbox  AD10  Plus Dimentions (HxWxL) .4 m x .4m x .5 m  

 
 
Introduction 
Mt. San Antonio College (Mt. SAC) is home to 
Center Of Robotic Engineering club (CORE). The 
club is advised by professors in both the engineering 
and physics department. The main intent of the club 
is to help any student progress their studies in 
relating fields.  

 
(Dreadnought in the night time) 
 
The latest addition to the CORE's members is 
Dreadnought. Designed and built from the ground up, 
she has tested the programming, mechanical, 
electrical and design skills of Alpha  class. Alpha 
crew had two objectives this year. One was to design 
and build a working basic AUV platform that future 

crews can improve upon. Two was to improve our 
personal skills as engineers. CORE's mission is to 
advocate Mt. SAC, and to help student progress 
their studies in the engineering and relating fields. 
 
2012 is the 15th International RoboSub competition 
co-sponsored by AUVSI and ONR. The goal of this 
competition is to advance the development of AUVs 
by challenging a new generation of engineers to 
perform realistic missions in an underwater 
environment.  The byproduct of the event is the ties 
between young engineers, and the organizations 
developing AUV technologies. The event was design 
to simulate real life AUV tasks that engineers often 
design for. This year the theme and tasks of the 
event were of Roman-style: 
 

- Gladiator Training (follow path and strike 
buoys in a given order) 

- Obstacle Course (pass over without 
touching PVC) 

- Gladiator Ring (dropping multiple markers in 
correct bins) 

-  Et Tu Brute (firing correct torpedos through 
assign openings) 

- Laurel Wreath (locating/removing/replacing 
object) 
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- Feed Emperor Grapes (locate and remove 
cylindrical object) 

These are the main tasks of the sponsored event 
that drove the design intent of AUV Dreadnought. 
 
 
Design 
Dreadnought underwent many design considerations 
to satisfy the tasks set forth by AUVSI. Our overall 
approach was to first design Dreadnought as an 
ROV then convert her over to an AUV. We wanted 
Dreadnought to adaptable, allowing easy component 
integration and modification. We also wanted her to 
be simplistic and functional; giving her the ability to 
be improved upon by future Crew classes. The 
following sections discuss the design rational that 
went into each component. 
 
 
Frame 
Dreadnought's chassis was constructed from 
expanded PVC (ePVC). We purchased a 1.22 x 1.22 
meter slab of 1.27 cm thick ePVC and carved out the 
entire chassis with a Computer Numerical Control 
(CNC) manufacturing machine.  
 

 
(Dreadnought freshly painted) 
 
We tried to eliminate as much unnecessary surface 
area of the chassis as possible.  
We introduced as many opening as we could to help 
cope with drag and maneuverings issues. We have 
come to affectionately describe these opening as 
“speed-holes.” These speed-holes spread evenly 
across the body also double as fastening location for 
sensors, cameras, environment interaction 

mechanisms, and trim weights. The PVC itself is 
lightweight and rigid – perfect for the overall design 
intent of the frame:  small, strong and light. 
 
 
Propulsion 
The propulsion system is made up of (3) Johnson 
pump 1250 GPH motor cartridges. The motor 
configuration is very basic.  
 

 
(load testing motors) 
 
Two are motors are used for forward/backward 
motion. Those motors are mounted on the left and 
right side of the craft. The third motor is used for 
ascending/descending motion. That particular motor 
is mounted in the center of the craft below the center 
of buoyancy. To help reduce turbulence and improve 
thrust, each motor has its very own shroud. The 
shrouds were constructed using tin brackets and 4” 
PVC and fittings. The shrouds not only offer the 
much need improved thrust, but also double as a 
safety feature. 
 
 
Camera 

If you have ever witnessed the smashing of a piñata 
or pin the tail on the donkey at a birthday party, you'd 
know that the only way any of these games are even 
challenging is because of the lack of vision. Not 
being able to see your target or environment doubles 
any task's difficulty.  
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(ROS low light camera) 
 
Dreadnought's future is wet with many challenges so 
installed on its ridged chassis is a single Remote 
Ocean System (ROS) camera. The nicest features 
about this camera is it being waterproof up to 1,000 
meters and impact resistant up to 5 meters.  The 
camera is oriented forward. It serves as 
Dreadnought's eye. It returns a color image and has 
greater than a 60 degree angle view in the water. 
Originally (2) ROS cameras were mounted facing 
perpendicular directions, however with the recent 
implementation of the tilting platform the bottom 
facing camera was found to be obsolete. 
 
 
Sensors 
Sensors are a fundamental element that make up 
“good robot”. Sensors allow the driver and its crew to 
experience the environment without having to lay 
their own personal well being on the line. Example: 
suppose far far away on a distance planet we were 
able to land a robot on the surface but it only has the 
capability to move and see. Everything looks fine but 
what we wouldn’t know, unless sensors were 
implemented, is that the surface temperature is 1000 
degrees Kelvin. Fortunately where Dreadnought is 
going it will not need a thermometer. At the RoboSub 
competition a compass module was found to be 
need for improved task completion. This module 
has .5 degree resolution and requires only 2.7V @ 
1mA supply, thus making its power supply to be 
isolated from the rest. The entire compass unit is 
mounted inside a waterproof housing made from 
PVC fitting and kept modular for easy maintenance. 
Another sensor aboard Dreadnought is her depth 
gauge. Almost as if it was the compass and depth 

gauge were siblings, they share the same 
implementation process.  
 
 
Environment Manipulator   
Since Dreadnought is a relatively small craft, it 
required a custom commission for its manipulator. 
Being an underwater vehicle, the motor needed to 
be waterproof.  

 
(Solidworks sketch of the “claw”) 
 
Dreadnought's manipulator is powered by water 
sealed brushless motor, and like the frame, was 
designed from the ground up by one of our very own 
Alpha members. The “claw”, as we have come to 
affectionately call it, was designed to take a blow. 
Since the mechanics of a telescoping/folding claw 
were beyond our timeline, the claw hangs in the front 
of the craft. Being outside the protection of the ePVC 
frame the claw will be prone to damage, we didn’t 
want it to be flimsy. Also if the claw’s drive train is 
ever upgraded, we didn’t want the fingers to snap 
under their own strength. 
 
Control Tower (ROV State) 
Hartsfield- Jackson Atlanta International Airport (ATL) 
has been the world's busiest airport for many years 
consistently.  
 
Serving over 90 million craft a day with its 5 runways, 
it has earned its right to be labeled the busiest 
airport in the world. However, this is mostly due to 
the control tower that governs the greater ATL area. 
Thus proving with a great control tower, great things 
are possible. If the tether was traced to the furthest 
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point away from Dreadnought, you'd find the Control 
Tower (CT). Located at the CT is (2) screens that are 
receiving data from the cameras and the power 
supply. For the current configuration of Dreadnought 
it must be supplied with 50Volts. Also located top 
side at the CT is laptop. The laptop helps process 
data to and from Dreadnought, like motor movement 
as well as compass data. Connected to the laptop is 
Logitech  Gamepad. It is a fully programmable, 
wireless, analog and digital joystick. Though the 
signal from the joystick to the laptop is wireless, the 
delay between commands is low. By far though the 
best feature of the CT is the fact it's fully mobile and 
it can transport Dreadnought and all its components 
safely. Being mobile and having a place for each 
component (Dreadnought, tether, power supply, 
screens, joystick, etc) greatly reduces effort spent on 
operating transporting the ROV. 
 

 
(Control Tower – Uncondensed) 
 
 
Motor Controllers (AUV/ROV state) 
One of the biggest issues were choosing appropriate 
motor controllers. The Motor Controllers (MC) where 
custom made by one of our in-house electricians. 
We found that for our purposes, it is best to create 
our own controllers so there isn’t any conflict 
between other components. The MC will receive 
commands from our joystick located at CT.  
 

 
(Unpacked Motor Controllers) 
 
The commands are then sent down the tether and 
will be translated by the Arduino Board (AB) into a 
pulse width modulated signal. These signals are then 
readable to the drive train of Dreadnought. The AB 
used is a high-performance, low-power Atmel 8-bit 
AVR RISC-based microcontroller. The MC and AB 
are kept together to cut down on total delay time 
between commands. They're housed inside a deep 
sea diving box that has through-body, tolerance fit, 
molded connectors. The connectors were drilled and 
installed again, by our in-house electricians.   
 
   
Balancing the Craft 
Neutral buoyancy is classified as the condition in 
which physical body's mass equals the volume it 
displaces in a surrounding medium. This applies to 
Dreadnought because her design intent is to be 
neutrally buoyant. Meaning, when it sinks to a 
particular depth it will operate at that depth until 
commanded to do different. Neutral buoyancy is not 
an easy feat to overcome. Weight and ballast tubes 
were added across Dreadnought's chassis to 
balance the craft. Simple galvanized weights 
accounted for majority of the balancing and majority 
of the weights are located on the bottom self of the 
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chassis; making her center of mass below her center 
of buoyancy.  
 
Torpedoes 

On a small scale machine, it is not always practical 
to activate components using mechanical/contact 
means. In the case of a torpedo launching from 
small AUV, it is ideal not to have any physical 
connections such as wires or connectors between 
the vessel and the projectile. A reliable light source 
and a light dependent resistor (LDR) can easily 
replace a momentary contact switch. The figure 
below illustrates the simplicity of the circuit 
 

 
 

For the given circuit, the trigger is connected to a 
voltage divider. In the dark, the LDR is measured to 
be at least 33k Ohms, providing a minimum of .75Vs 
to the trigger. As the LDR is exposed to light, its 
resistance drops, increasing the voltage going into 
the trigger. For a 10k Ohm pull up resistor, the 
resistance of the LDR should drop to around 5k 
Ohms to bring the voltage down below 1/3Vs, 
activating the 555 timer. At this point, the output, 
which powers the transistors controlling the motor to 
the torpedo, is driven high to Vs until the reset pin is 
pulled below .7Vs. 
To stop the torpedo, the reset pin is connected to a 
momentary switch. This switch is connected to the 
tip of the torpedo. When the torpedo runs into an 
obstacle such as a wall, the reset pin will drop down 
to 0V, shutting off the output, and consequently, the 
motors. 
 
 
 
 

Challenges 
CORE and association has been successfully 
building and testing, autonomous and remote 
controlled vehicles for (6) years. More than 10 robots 
have been: built, tested, troubleshot and 
implemented successfully.  
Alpha Crew of CORE has fantastic chemistry and 
hold many discussions often about their projects pro 
and cons. However, one discussion that has never 
been had until the conception of Dreadnought was: 
Waterproof. Never before has their been so many 
ideas vigorously thrown back and forth about one 
subject. From water proofing connections to 
waterproofing housing, this is by far the greatest 
challenge we had with Dreadnought. This problem 
doesn’t present itself till the tether meet up with the 
ROV/AUV chassis.  
 

 
(Creating a test ROV) 
 
When the tether breaks out into its individual 
components those will be mated to their final 
destination with the help of: solder and watertight 
heat shrink butt connectors. Before this mating 
procedure was implemented the problems that would 
arise like cameras cutting in and out, power loss, 
and destroyed AB and MC. The definition between 
“waterproof” and “water-resistant” was CLEARLY 
defined within the CORE community. 
 

Troubleshooting  
As stated earlier, Dreadnought isn't CORE first 
attempt at the remote controller vehicle world. Many 
of the CORE members have knowledge on how to 
solve certain problems because we've seen certain 
electronic issues on other platforms. “Why isn't this 
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sensor working?”. “Was it suppose to do that?” are 
some of the usual problems we are face with, but 
these are always solvable with some quick individual 
thinking. However when new mechanical/ electrical/ 
software issues arise or difficult ones, CORE will 
have a group discussion. The Discussion Leader (DL) 
is led by the CORE member who has been 
experiencing the problem the longest.  

 
(Calibrating a compass with 4 cellphone) 
The DL will present the difficult issue to CORE by 
first stating the problem, then their attempts to 
remedy it, next the results of their attempts, and 
lastly what they believe it is. This method produces 
great results, and has yet to fail CORE. 
 
Lessons Learned 
William Edward Hartpole Lecky once said, “One of 
the most important lessons that experience teaches 
is that, on the whole, success depends more upon 
character than upon either intellect or fortune.” This 
can be translated as, to be successful you must be 
resilient.  

 
(de bugging a terrible code) 

 
Dreadnought is a fully functional ROV/AUV with so 
much more to talk about, but it didn't happen by 
accident. About 4 hours per week, per person, for 10 
months has been spent on the ROV/AUV. Within 
those 400+ hours many dreams were broken and 
nightmares appeared. Example, on the first 
discussion about Dreadnought there was a dream of 
having a working air ballast system.  
 

 
(Programming Engineer –  
                                      Richie “BloodLust” Han) 
 
After several trials and many discussions later, it was 
realized that having an automated ballast system 
was a fool’s tale on such a small craft. That dream 
was broken, but the idea of neutrally buoyancy took 
its place. An example of a nightmare was 
Dreadnought's first otter box that housed the AB and 
MC. After attaching the through body connectors to 
the Otterbox: super glue, silicon, hot glue, fiberglass, 
and 2-part epoxy were all used to make the box 
waterproof.  
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(Design Engineer – Mauro “Tu-Suave” Mirante) 
 
Unfortunately, even with all that work done on that 
Otterbox, it still isn't waterproof. We did learn that 
how the through body connectors are attached make 
or break the waterproof-seal of an Otterbox. These 
are just a few issues that arose, but the CORE crew 
trudged on and continued to have aspirations for 
their ROV/AUV. “....Success depends more upon 
character than upon either intellect or fortune” - 
William Edward Hartpole Lecky. 
 
 
Future Plans 
The future of Dreadnought is very bright. As stated 
earlier, this is the first ROV/AUV for CORE and 
certainly not the last.  
Eventually an upgraded drive train will need to be 
installed. With an upgraded drive train, strafing will 
be an added degree of movement. Another change 
that may take place is to improve the claw by making 
it slimmer and more convenient for Dreadnought’s 
tight chassis. The list for the future goes on; these 
are just the top of the list. As stated above, 
Dreadnought will be a continuing project at Mt.SAC. 
When Beta/Gamma/Delta/etc take on Dreadnought, 
only good things are in her future. 
 

  
(Physics Engineer –  
                                 Bardia “Epic-Eye-Bro” Ganji) 
 
Reflections on the Experience 
CORE is not yet done with the “Dreadnought 
experience.” However, as the crew reflects on the 
project thus far, we agreed that the success on this 
project was due to simple fundamentals. 
 
Fundamentals like: steady communication, clearly 
defined goals and time line, clearly defined roles, 
and group chemistry. Though CORE crew rarely had 
full meetings on the regular, we did however leave 
notes, sent emails, and met in smaller groups to let 
one another how progress was going on our sub 
tasks. With large projects it is very easy to get fluster 
over how much needs to be accomplished, but 
having a priority list with deadlines helps.  

 
(Project Manager – Brain “Evil Beard” Walker) 
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Having a  priority list helped each CORE member 
stay focused on the prize and not be over whelmed. 
Having not only a priority list, but assigning members 
roles helps progress the success of the project over 
all. When roles are set, each member was able to 
take initiative on tasks that fit into their description. 

 
(Industrial Engineer –  
                                      “Iron Jack” Patrick Kwong) 
 An example would be our in house electricians were 
able to focus their work and not be over whelmed 
with the ideas of the chassis being built since the in 
house mechanics were on the job. Lastly, what the 
CORE members all agreed upon for the overall 
success of Dreadnought was the chemistry among 
the crew members.  
 

 
(Electrical Engineer –  
                                        Andy “Apollyon” Gabriel) 
 

If there were moments of complaining, they were 
rare among the group. We'd rarely criticized each 
other's methods and work because of the trust we 
gave one another. CORE chemistry was so good 
that without words even being spoken, when a 
member started to look for something, another 
CORE member would instantly hand over the 
needed item; these serenity-like moments were often, 
and not far in between. 

 
(Test Engineer – Jonathan “Squeaky” Jones) 
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