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The AUVSI RoboSub Competition is meant to provide students with challenges to improve their skills 

and obtain experience from working with realistic projects. This year Utah State University’s USUb team 

has once again accepted the challenge and worked towards the goal of outdoing the team’s performance 

in the 2011 RoboSub competition. This paper explains some of the challenges we faced along the way 

and presents the resulting product from our efforts. Each of the different subsystems that make up our 

Autonomous Underwater Vehicle (AUV) will also be discussed. 

The Mission 
The USUb team is comprised of five Computer Science graduate students, one Electrical Engineering 

graduate students, and an advising professor from the Computer Science Department. From the formation 

of the team we had a mere six months to build a vehicle from scratch and make it safely and  

autonomously able to navigate a pool in order to perform the series of missions for the Robosub 

competition.  

Our first goal was to make sure we could build it by mid semester and then spend the rest of the time 

working on making it autonomous. The vehicle took us about a month to construct using our own tools in 

one of the team members’ garage. It then took about another month to have it completely assembled with 

the electronics and functional structures. Another month was spent debugging electrical, mechanical, and 

waterproofing issues. We then were finally able to spend what little time we had left completely focused 

on the part that most of us do best – the software.  We had to ensure the vehicle’s stability in the water 

before allowing it to be roam around swimming pools autonomously, so we started out our software using 

manual controls while we worked out the last kinks. Once the systems were stable enough, we began 

working full time on the autonomy systems. 

Due to the adventures we’ve been through in building the submarine (who let all these Computer Science 

students this close to hardware anyway?) we have internally dubbed our submarine “Max Power”. All 

members of the team had a particularly busy semester, but we all tried to dedicate as much time as 
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possible to the development of the submarine. We strived to maintain constant progress in the software 

for the vehicle in order to achieve the maximum functionality of the submarine before the competition.  

Vehicle 

This is the second year a team from Utah State University will compete in the RoboSub Competition. 

Last year the team was much smaller, consisting of only two Computer Science students who built their 

own submarine using a cylindrical pressure vessel which housed everything inside. This proved to be very 

hard to work with so this year we designed an entirely new vehicle which is bigger yet easier to work 

with. We used a very light and simple design that allowed us to quickly access any part of the vehicle for 

maintenance. We aimed to minimize the actual structural volume in our design and allow for far more 

workable open space. It is also more powerful and easier to control than last year’s entry due to its hollow 

cubical design with dedicated thrusters for all three axes of movement. The shape of the vehicle is shown 

in Figure 1.  

 

Figure 1. Our redesigned UUV 

 

Structure 

The main body of the submarine is constructed of an acrylic plastic. The plastic was cut to allow openings 

for both depth and rotation thrusters. The main body of the submarine has two primary decks onto which 

components can be mounted. The top deck holds the two main electronic pressure vessels and the torpedo 

launchers, while the bottom deck holds the battery pressure vessel(s). This deck can hold up to two 



USUb – Utah State University – AVUSI Robosub Competition 2012     3 
 

3 
USUb – Utah State University 

battery pressure vessels. Depending on weight and required longevity, the battery deck may hold one or 

two batteries.  

 

The pressure vessels are water-right cases manufactured by Pelican. To accommodate the required 

communication and power lines that had to span boxes, we placed ‘wet’ connectors into the bottom and 

sides of the cases. As mentioned above, there are three kinds of pressure vessels: computer, sensor, and 

battery vessels. The computer vessel holds the computer, USB hub, and IMU. Next, the sensor vessel 

contains most of our sensors. It holds a proprietary sensor board, three Dagu Wild Thumper motor 

controllers, a Sparkfun AttoPilot current and voltage sensor, as well as a pressure sensor. The sensor 

vessel is also used as the power distribution because of the proximity to the motor controllers. 

Unfortunately, the IMU was placed into the computer vessel because of space. The battery vessels are the 

simplest. Each battery vessel contains a single 12v battery. There can be up to two battery vessels which 

can either be used simultaneously or as a ‘hot-swap’ feature. 

 

The design of our submarine came large due to the difficulty we had on our first year model, coupled with 

that fact that our team this year consists of Computer Scientists and one Electrical Engineer. Our first 

requirement was to produce a vehicle that could be easily opened and closed. To solve this problem, we 

used Pelican cases. This allowed us to have boxes that could be easily opened and on which we could 

mount our hardware. The Pelican cases also allowed us to avoid possible catastrophes that could come 

from designing our own pressure vessels. Another requirement was to purchase thrusters instead of 

making our own. We went with Thrusters from Seabotix. They are manufactured well and allowed us to 

install and use them quickly. We placed six thrusters on the vehicle. Two of the six thrusters are placed 

center port and starboard to act as forward and reverse thrusters. The remaining four are placed in pairs 

fore and aft. The pairs have one vertical dive thruster and one horizontal turn thruster. 

 

Finally, we placed two lego figurines on our vehicle to pay tribute to the competition crew. The two 

figures are from the competition rules. The roman soldier is placed on the computer vessel to act as 

captain. The Gladiator was placed to man the torpedo launchers. These lego figures have become crucial 

to the success of our submarine. 

Electronics 

Sensor Board 

The sensor board was designed to house as a single point for our non-USB sensors. At the heart of the 

board is an Arduino Nano v3.1. The Arduino sports an ATMEGA328p chip and allows us to control up to 
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14 digital IO lines, 8 ADC’s, and program the board on the fly. The Arduino is responsible for publishing 

depth, system voltage and current draw, temperature, and water-in-box existence. The Nano is also used 

to fire our torpedoes and controls the submersible servos on the droppers. 

IMU 

The IMU provides us with the attitude data required for stable movement and direction. It contains a 

HMC5843 3-axis digital compass, an ADXL345 3-axis accelerometer and an ITG-3200 3-axis gyroscope. 

It is controlled by an Arduino microcontroller and is connected to the computer through a USB-Serial 

interface. 

Computer 

The computer is a pivotal part of our vehicle. It has an Intel I3 processor with 4gb of RAM. We added a 

120 GB solid state hard drive to speed up our disk access time and limit mechanical hard disk failures. 

The computer is running the Ubuntu 10.10 Linux distribution. 

Motor Controllers 

The Wild Thumper motor controllers are designed by Dagu and sold by Sparkfun. They are built off of 

the ATMEGA168 chip and designed to use the Arduino bootloader. The controllers were chosen because 

they are dual channel and can handle 12A per channel. We use three controllers to control the dive, strafe, 

and drive thrusters.  

 

Software 

Software System Design 

Our software is comprised of a series of modules with each module performing a specific task or 

providing a specific service to the rest of the system.  Examples of some of these lower-level tasks in our 

system include the image recognition task, the motor controller task, and the attitude resolution task.  

Above these tasks we have a single task for each goal in the competition.  These goal tasks are all 

controlled and managed by a high level state machine and more detail on this will be presented in the 

Control Systems section below. We chose this architecture to aid in the maintainability and flexibility of 

our codebase, making it trivial to swap in one module for another.  As with any multi-process 

environment, communication and coordination between tasks is always an issue.  To facilitate 

communication between the various tasks we decided to use the Robot Operating System (ROS) 

middleware software.  ROS provides a publish/subscribe paradigm between modules or nodes within a 

network. Because ROS abstracts messaging at the publish/subscribe level it also greatly speeds up our 

development and testing time.  For instance, sensor data and camera captures can be recorded and played 
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back at a later date without having the actual sensors running in a legitimate environment.  This has really 

helped in developing and testing items like the image recognition algorithms since we don’t need to have 

the sub in the pool to test a majority of our software. 

The general hierarchical architecture of our software modules is show below in Figure 2. 

 

 

Figure 2 – Software Architecture 

 

External Control and Debug 

Due to the autonomous nature of the competition which requires that our submarine must be able to 

function without external human control or communication it has been essential to have a real-time debug 

interface from which we can observe the submarine’s sensor data and cameras in real time.  We 

accomplished this through an optional Ethernet cable which can be connected to the submarine.  Because 

of our choice to use the ROS (Robot Operating System) middleware we can add any other computer to 

the same network and transparently view any data or command any entity in the system.  

Our debug console runs on Linux and was written using the Qt Application Framework.  It displays the 

camera data with overlaid image recognition results in real time, temperatures from the various locations 

on the submarine, monitored currents and voltage levels, the yaw, pitch, and roll of the submarine, among 

other readings.  It also provides a joystick interface through which the submarine can be controlled 

manually. 
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Control Systems 

The control systems for our sub can be divided into three levels. At the highest level we have a state 

machine that is responsible for keeping track of the current task that is being executed and for making 

sure that the correct algorithms are enabled to allow the task to be completed. Under this level we have 

task specific modules that are specific to the task that is currently being executed. Finally at the lowest 

level we have the underlying control systems that are capable of performing task independent operations 

such as moving and diving the sub. For all of the communication on the sub we are using ROS which 

allows us to easily integrate new components without modifying the system.  

 

The high level state machine is responsible for deciding when to move to the next task as well as 

monitoring the system health and taking necessary action.  Each state in the state machine defines two 

sets of ROS messages that are dispatched when the state is entered and exited respectively. It defines a set 

of triggers that listen for ROS messages and can respond by either posting additional messages or 

transitioning to new states when a condition is met.  The states are able to inherit information from other 

states which forms a kind of hierarchy of states. This allows us to modularize aspects of the states such as 

safety features and to group them so that they can easily be added to newly created states. 

 

Below the state machine we have a control module for each task in the competition. This module is used 

to define the methods and control structures that are specific to an individual task. Each module can be 

turned on via messages sent through ROS by the state machine. Once a module is activated it is given 

control of the sub and attempts to complete the task. It then reports either success or failure to the state 

machine which can then decide to either try again or attempt the next task.  

 

To simplify moving and interacting with the environment we have the lowest level of control this 

includes both the direct interfaces to hardware for simple operations such as firing a torpedo as well as 

more sophisticated control systems that control the motors to allow instruction such as turn 90 degrees to 

the right or move forward five feet. This layer abstracts all of the sensor data and hardware actuators so 

that higher level control systems can reason more about what to do rather than how it is actually 

accomplished.  

Image Recognition 

The computer vision portion of our submarine consists of the hardware, the ROS hardware driver node, 

and our custom ROS image recognition node. For hardware we use two USB Logitech c310 web cameras 

each installed inside a clear submersible case. The cameras work very well for this project because they 

can adjust their light balance and saturation automatically. Each camera case is wired to the motherboard 
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box and connected to the motherboard itself via USB. Both cameras are positioned near the front of the 

submarine, one facing forward and the other facing downward. The ROS hardware driver is an open 

source ROS node which is designed for working with stereo cameras. It accesses both USB cameras and 

publishes the images they produce to two ROS topics. Even though we don’t use these cameras in a stereo 

configuration, it is convenient to use this driver because it handles both cameras with just one ROS node.  

 

After the raw camera images have been published by the ROS hardware driver node, our custom ROS 

image recognition node receives them, performs various adjustments, analyzes them for relevant 

information, and publishes its findings. Adjustments performed on the incoming image data include a 

rotation to align the image with the actual direction of the submarine and an optional linear scaling on the 

value channel of the image. Zero or more thresholds are performed on the image depending on which 

‘algorithms’ are currently enabled. Basic blob detection is performed on each threshold with the 

capability of adding more specific and complicated analyses in the future. Based on the settings for each 

‘algorithm’, information for zero or more objects is published and also annotated on another image for us 

to view. The image recognition node advertises various ROS services to allow for viewing all available 

‘algorithms’, enabling or disabling each ‘algorithm’ independently, and getting/setting threshold values 

for each ‘algorithm’. It also loads and stores threshold for each ‘algorithm’ in a file to persist them 

between runs. This allows us to use other ROS nodes to control how much work the image recognition 

node needs to perform as well as quickly adjust thresholds to compensate for changing light conditions. 

Attitude Determination 
The SparkFun Razor IMU located on our submarine has a 3-axis accelerometer, 3-axis gyroscope, and a 

3-axis magnetometer.  In order to obtain an accurate yaw, pitch, and roll of our submarine we have 

implemented a Kalman filter based attitude determination module which takes the raw readings from the 

IMU and publishes the desired yaw, pitch, and roll at 20 Hz.  The Kalman filter works on the idea that 

measurements from the different IMU sensors will contain noise and inaccuracies. The filter takes these 

uncertainties into account over time to produce an optimal estimate of the true readings. We were 

fortunate to have team members with spacecraft control engineer colleagues who were willing to help us 

through the math involved.  

We have also architected the filter in such a way to incorporate known vision locations, such as aligning 

to a path in the course. This incorporation of vision can help to minimize the yaw drift. Due to comments 

from other teams at last year’s competition we have also left the option in to run without a magnetometer 

due to the possibly non-constant magnetic field across the competition pool due to the large amount of 

rebar lining the pool walls. Without the magnetometer, controlling yaw drift could become increasingly 

important. 
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Navigation Control                
The goal of the Navigation system is to allow the vehicle to align itself with a specific object or point 

located in front or under the vehicle body.  For this, the system uses the cameras to locate a target and 

move the vehicle in the desired direction until the target is centered on the camera.  

 

The system relies on the Vision and Attitude systems that provide the required information to control the 

position of the vehicle. The vehicle position is always relative to the target, allowing the system to adapt 

its reference frame to the different missions. The Vision system only reports the target coordinates with 

respect to the center of the image. The coordinates are used to decide the direction in which the vehicle 

will move. Once fed to the system, they are used to drive the thrusters that control the movement in the 

respective directions.  

 

The vehicle only moves in two axes at a time since the coordinates are two-dimensional. The required 

thrusters are driven simultaneously in order to propel the vehicle in the direction that will approach the 

target in the shortest time possible. The attitude data is also used to maintain a proper heading for the 

vehicle. When the vehicle needs to rotate, only the thrusters required to rotate are used. Hence, the vehicle 

will either move in a straight line or rotate at any given time.  

 

Forward and backward movement of the vehicle is handled by the Motion Control module that moves the 

vehicle in accordance to what is needed in order to perform a mission.  This module relies heavily on the 

Vision system to estimate distance based on the size of the object in front of the camera. Movement can 

be also downwards and upwards if the camera being used is the bottom camera.  

 

The Navigation system contains two main modules that perform the required maneuvers, Center on Point, 

and Center on Line. 

Center on Point 

This module is used to center the vehicle in front of an object using the forward-facing camera. It obtains 

a target coordinate from the Vision system and calculates in which direction it needs to move. In its 

simple structure, the system uses proportional controllers to drive the thrusters required to move in the 

desired direction. This means that the system does not calculate the speed at which the vehicle needs to 

move in order to approach the target in a straight line from the center to the target coordinates. The 

vehicle will move a required direction as long as it needs to. For example, for a coordinate (+x,+y) it will 

move right and up simultaneously until the x-component is zeroed and then it will only go up until the y-

component is zeroed. Once the vehicle is centered, the system stops sending commands to the motors.  
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Center on Line 

This module is used to align the vehicle to the “path” line markers used on the bottom of the pool. It relies 

on the downwards-facing camera and the IMU data to perform the alignment. The first action is to 

position the vehicle over the line (using Center on Point) and then rotating until the line and the vehicle 

are aligned.  

 

Each direction of movement has its own control loop, and each loop relies on the distance from its target. 

However, due to the limited sensors, instead of an actual distance, a percentage of completion is used as 

the error signal for feedback. This percentage depends on the information obtained from the Vision 

system. When moving, the thrusters are driven at a speed that will move the vehicle in a slow, 

controllable way using simple proportional-gain controllers. Each axis of movement has a different gain, 

for the forces involved are different; e.g, more power is required to dive than to go up or forward.  

Conclusion 
We have learned a great deal and feel we have improved our design and capabilities since participating in 

the RoboSub competition last year. Our team has grown and we have been able to address a greater 

number of challenges involved in the competition. We have redesigned our structure, electronics, 

software, and other systems to be more easily improved throughout the coming years to allow a greater 

focus to be placed on the software and completing more of the competition tasks. With all these changes 

we are excited to see what the competition holds for us this year as well as those to come. 


