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Abstract 

Hippocamp II is the Robotics Club at the University of Central Florida’s entry for AUVSI and 

ONR’s 15
th

 International RoboSub Competition. This robot was designed and created by a small 

team of dedicated individuals of various backgrounds and skills. Hippocamp II was design as a 

hovering class vehicle capable of precise movements by utilizing vector thrust. The robot has 

undergone some mechanical and electrical modifications from the previous year, but the majority 

of changes have been in software and the Acoustic Pinger Locator system. Eight motors allow 

for 6 DoF motion in an underwater environment, allowing for active stabilization and control of 

roll, pitch, yaw, and depth. The robot measures 27” x 19” x 19” (L x W x H) and weighs roughly 

74 lbs. The outer frame of the robot utilizes slotted material for the frame, providing abundant 

mounting points. Pneumatic and electronic solutions have been designed to perform a majority of 

the missions. The electrical system is composed primarily of custom PCBs that provide hot-

swappable power, communication with sensors, physical control, and homeostatic monitoring. 

Along with the custom electronics, there are COTS sensors that provide information about the 

environment. An onboard Core i7 computer is used to combine sensor data, make decisions 

based on the environment, and then translate that into physical movements. The software is SAE-

JAUS compliant and builds off of previously developed systems developed at UCF for other 

AUVSI competitions. 
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I. Introduction 
The University of Central Florida began 

working on Hippocamp II in the fall semester 

of 2011, with the initial version of the robot 

having been established in 2010.  This 

document provides information about the 

mechanical, electrical and software systems.  

A. Design Methodology 
The University of Central Florida’s AUV team 

is made up of a group of all-volunteer 

undergraduate and graduate students from 

disciplines in mechanical, electrical, and 

computer engineering as well as computer 

science. The team working on this robot 

adopted an agile development methodology 

where overarching problems are divided into 

more manageable sub-projects that allow for 

parallel work to be completed for the 

mechanical, electrical, and software systems. 

B. Innovations 
The University of Central Florida has 

participated in this competition for the past 

nine years.  In that time, many team members 

have graduated, but a dedicated effort to 

preserve knowledge has allowed the team to 

make continued progress over time. The 

performance during the previous competition 

has highlighted several issues. A majority of 

these problems arose from sensors, propulsion, 

and software. These issues became the main 

focus of this year’s improvements. 

 Hippocamp II’s main sensors include 

the cameras, IMU, and Acoustic Pinger 

Locator system. During the competition these 

devices provided faulty information for a 

variety of reasons resulting in poor runs. The 

inclusion of a new FireWire 800 card and 

software libraries were done to fix for a 

camera malfunction that plagued us last year at 

the RoboSub competition. A complete 

overhaul of the Acoustic Pinger Locator 

system was also completed. Finally a number 

of additional sensor options were explored. 

 A very important capability for the 

competition is having full range of motion 

underwater as well as speed and accuracy. 

Having a single lateral motor caused 

imbalance that resulted in difficulties 

controlling the robot’s motion. This has been 

fixed by placing a secondary lateral motion on 

the robot to negate the rolling affects 

experienced the previous year. 

 Another focus was to improve the low-

level software and artificial intelligence. Low-

level programs include aspects of computer 

vision and how the sensor information is 

utilized. The artificial intelligence is re-

written, tested more thoroughly, and includes 

enhancements based on observations from the 

previous year.   

II. Mechanical System 
The mechanical system for the 2012 entry is 

discussed in detail below. The modularity of 

the system made modifications very easy. 

A. External Frame 

The design of the mechanical system consists 

of two main body plates connected together by 

four 8020 rods which encapsulates the main 

electronic containment unit. The two identical 

body plates were designed in SolidWorks and 

then fabricated in-house last year. Eight 

joining points fasten the plates to the 8020 

rods allowing for easy deconstruction and 

reconstruction. Four harness mount points are 

designed into the body plates, which are also 

used to transport the robot. The plates were 
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designed to be open, allowing for minimal 

water resistance, and have many sections that 

can be used for mounting sensors and 

peripherals.  

 Several other brackets were created to 

mount components such as the motors, 

peripherals, and externally mounted sensors.  

 The body plates, 8020, and brackets 

were anodized to reduce corrosion and 

increase durability. Figure 1 shows the 

SolidWorks model of the vehicle. 

Figure 1: SolidWorks model with peripherals 

attached. 

B. Electronic Containment System 
The electronic containment system consists of 

a single 22” long 8” diameter cast acrylic tube 

with 1/4” thick walls. Two 12” long 3” 

diameter cast acrylic tubes that have 1/4” thick 

walls are used to house the batteries 

separately. The electronics tube encapsulates 

the electronic rack system that holds the 

electronics and internal sensors. The battery 

tubes each contain two batteries and are placed 

on either side of the electronics tube. 

 

C. Waterproof Interface 
The interface for each tube consists of two 

acrylic caps. The main tube’s caps have four 

brackets and have a double O-ring seal design. 

Threaded rods are fed along the tube and 

through each bracket. Wing nuts are then used 

to compress the end caps. This crush on the O-

rings creates a water-tight seal. The end cap at 

the bow does not interface with any exterior 

connections leaving a clear view for the 

forward camera and LiDAR sensor. The end 

cap at the stern has 17 female SubConn 

connectors of varying size to interface with all 

external devices.  

 The same double O-ring compression 

mechanism is used for the battery tubes. 

Because of the smaller size only two brackets 

are needed for the threaded rod failsafe. Each 

stern end cap has a single 4-pin female 

SubConn that allows for direct interfacing with 

the batteries. 

1. Switch Interface 

Water-proof military grade switches from CPI 

Control Products, Inc. are mounted to the stern 

body plate. Two continuously operating 

switches are used to toggle power for the 

electronics and motors respectively. A 

momentary switch is used to indicate when the 

robot should begin autonomous navigation. 

D. Electronic Rack System 
The electronics rack is a multi-level rack 

system constructed of acrylic. It was designed 

in SolidWorks and manufactured using a laser 

etcher the previous year. The purpose of this 

rack is to securely mount the electronics and 

internal sensors. The stern section of the unit 

has two to three levels. Each level holds 

several PCBs and sensors. The bow portion is 

completely detachable and has specific 

mountings for the cameras and LiDAR sensor. 
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This design allows for the easy addition and 

manipulation of the rack configuration. This 

section hooks into a stationary aluminum 

mount that ensures consistent alignment of the 

sensors. 

1. Heat Dissipation 

Several internal components generate 

discernible heat. Multiple methods were 

employed to reduce issues caused by over-

heating. Components known to generate heat 

were placed near the acrylic tube. This allows 

the heat to transfer through the acrylic to the 

surroundings. In some cases a specifically 

designed heat sink was created that directly 

connects the component to the acrylic tube. 

Several fans are placed to circulate air through 

the tube. When the temperature stabilizes it 

never measures over 121° F in 95° F ambient 

temperature. 

E. Motor Configuration 
There are a total of eight SeaBotix BTA-150 

motors that are independently controlled 

allowing for full 6 DoF movements. Four 

motors are mounted at 45 degree angles, two 

at the bow and two at the stern, on either side 

of the main tube. These motors control the 

yaw, pitch, roll, and depth. The two motors 

controlling sway motion are placed on the top 

and bottom of the robot. The final two motors 

are placed on either side of the robot and allow 

for surge motion. 

F. Mission Specific Peripherals 
The external frame allows for easy addition of 

peripherals. This section describes peripherals 

that are specific to a mission. 

1. Torpedo Launchers 

The components used in the “Et Tu Brute?” 

mission include two solenoid valves placed on 

either side of the main tube and a pneumatic 

intake system that is positioned on one side of 

the robot. A 12 gram CO2 tank that is at 800 

PSI is used to provide pressure. Pressure 

reduction is achieved with a Custom Products 

paintball regulator. Swimways Toypedos are 

modified and used as the torpedoes. These 

modifications include a quarter inch punch in 

the back. This allows the torpedoes to be fitted 

over an 1/8
”
 NPT threaded piece of brass pipe 

connected to the outlet of the solenoid valve. 

The final system can fire a torpedo straight for 

approximately five feet. 

2. Marker Droppers 

The components used in the “Gladiator Ring” 

mission are two solenoids that are initially in 

an extended position. These are placed on 

either side of the AUV near the downward 

facing camera. Each valve is attached to a 

release pin that is strung through two plates. 

The metal dropper is held between the plates 

by a pin. When the solenoid is activated, the 

pin is pulled, allowing the dropper to fall. 

3. Grappling System 

The “Laurel Wreath” task is completed with 

the use of two pneumatic arms, placed on 

either side of the vehicle, controlled by two-

way pistons. The pistons are connected to the 

same solenoid valve assembly, allowing 

actuation in unison. Pressure is acquired from 

the same system as the torpedo launchers. This 

pressure is then regulated to 20 PSI using a 

Koganei R150 regulator. When the pistons are 

contracted, the arms are in passive grabbing 

mode. Passive grabbing is achieved with the 

use of springs and hinged aluminum. When the 

pistons are extended the arms are open to 

release any objects.  
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III. Electrical System 
The electrical system and sensors of 

Hippocamp II are discussed in detail below. 

There are six custom PCBs, a full computer, 

an Acoustic Pinger Locator system, and 

additional sensors. Figure 2 is a graphical 

representation of the current electronics and 

sensors. 

A. Power and Switching Board 
Power switching, monitoring, and distribution 

are completed on the power switching board. 

This board was designed and populated in-

house. An AVR ATMega8 microcontroller is 

powered if either shore or battery power is 

applied. The ATMega8 will then check which 

power source is available and decide what will 

be used. If shore power is available, the robot 

will be powered with it. The voltage and 

current of the two power buses are monitored 

using a Linear Technology LTC4151. This 

detailed battery information is communicated 

to the computer by the microcontroller using 

an FTDI FT232R. The “Main Power” and 

“Emergency Stop” switches are directly linked 

to internal relays. This configuration ensures 

that the motors can be stopped when needed 

without cutting power to the entire system. 

This configuration also prevents the motors 

from having power if the “Main Power” 

switch is off. When power is fully activated, 

other devices and circuits are fed power from 

an array of connectors on the board. 

1. Power Configuration 

The power for the electronic and sensor 

components have been separated from the 

motors and peripheral devices. This was done 

to avoid situations where a sudden power draw 

may reset the computer or sensors. With this 

configuration the robot can safely function on 

battery power for over two hours. Four 

Thunder Power Lite 6s (22.2V) 5000mAh 

batteries are used. Two are in parallel that run 

the electronics and the other two are in parallel 

and supply the motor and peripherals with 

power.  

B. Main Computer 
Hippocamp II is equipped with a mini-ITX 

motherboard that is populated with a Core i7-

620M processor, 8 GB of RAM, and a 64 GB 

Figure 2: Graphic of the electronics and sensor architecture. 
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solid-state hard drive. It uses an M4-ATX 

250W DC-DC converter to regulate the raw 

22.2V from the batteries. A Fireboard800-e 

Pro Dual bus 1394b adapter card is installed 

and used to communicate with and power the 

two cameras. All other components interface 

the computer through UART to USB 

converters. 

C. Motor Controller Boards 
Two identical motor control boards have been 

designed and populated in-house to 

communicate with the eight SeaBotix motors. 

These boards have an ATMega8 that 

communicates to the computer through an 

FT232R chip. Once motor data is sent to the 

microcontroller, the information is translated 

into I
2
C, sent through a NXP P82B96 I

2
C 

buffer chip, and finally communicated to the 

motors. These boards make it possible to send 

and receive data as well as change motor 

addresses with no special effort. 

D. Sensor Board 
The sensor board interconnects several devices 

such as a temperature, humidity, and an analog 

depth sensor. There is also an unused Maxim 

MAX127 analog to digital converter chip that 

can be used for sensor expansions. The board 

also regulates voltages for devices that cannot 

run directly on the raw battery voltage. There 

are additional regulators that are currently 

unused to allow for some expansion. This 

board’s ATMega8 communicates with the 

computer through an FT232R chip. 

E. Peripheral Board 
The peripheral board is used to actuate the 

solenoids that control the torpedo launchers, 

marker droppers, and grappling system. The 

board is provided both electronic and motor 

power. When the computer sends an actuation 

message to the ATMega8 on the board, a 

signal is then sent to the base of a Darlington 

transistor pair in an NTE2018 chip, which then 

activates a relay that provides power to the 

specified peripheral. 

F. Display Board 
The display board was designed to provide 

feedback during autonomous navigation. This 

board has an ATMega8 that communicates 

using an FT232R. The computer sends the 

microcontroller commands, which are then 

translated into I
2
C instructions that are sent to 

the NXP PCA9635. The PCA9635 then 

controls groups of RGB LEDs to create 

different colors and patterns. These patterns 

provide information about objects that are 

currently being tracked or general information 

such as the status of the batteries. The 

advantage of the display board over standard 

LCDs is that it is easier to view and interpret 

while the robot is in the water. 

G. Acoustic Pinger Locator System 
The APL system is composed of four distinct 

sections.  These sections are an initial 

conditioning board, filter bank board, PSoC 

acquisition board, and full transfer board. 

Figure 3 shows a diagram of the APL system. 

 The initial conditioning board takes in 

the raw hydrophone information. It then 

Figure 3: Acoustic Pinger Locator Diagram. 
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amplifies and filters (20-30kHz) each channel. 

The board then distributes this conditioned 

signal to the other segments.  

 The filter bank receives the 

conditioned signal and the splits that into 

multiple channels. Each channel is fed into a 

filter with a high Q around possible pinger 

frequencies. The frequencies include 22, 23, 

24, 25, 26, 27, 28, 29, and 30kHz. The output 

is then fed through a peak detecting circuitry 

and into a Cypress PSoC 3. This board is used 

to find the frequency of the pingers that are 

currently activated. This information is sent to 

the computer for further processing. 

 The PSoC acquisition board receives 

the conditioned signal, feeds that through a 

peak detection circuit, and then into a Cypress 

PSoC 3. The PSoC then finds the time 

difference between when the hydrophones 

receive the wave front of a ping. This 

information is sent to the computer for further 

processing. 

 The full transfer board receives the 

conditioned signal and passes it through a 

shifting circuit. Each channel then passes 

through a Texas Instruments ADS8556 high-

speed analog to digital converter. Each 

ADS8556 then communicates with the 

computer through an Aardvark I2C/SPI Host 

Adapter. Further processing is done on the 

computer. 

 The computer will then use the 

information from the different segments, 

adjusting the algorithms used depending on the 

sender, to find the heading of the pinger 

relative to the robot. 

IV. Sensors 
This section describes the sensors used on the 

robot.  

A. Cameras 
Two Allied Vision GuppyPro F-125 FireWire 

800 compliant cameras are used. Both are 

housed in the electronics tube with one 

pointing out of the bow and the other facing 

downward. The cameras are capable of 

retrieving 1900x1600 resolution images at 7.5 

fps. The current configuration uses an 

800x600 resolution at approximately 15 fps. A 

110° lens is used to give the vehicle a wide 

view of forward and downward features. 

Figure 4 shows the forward facing camera. 

B. LiDAR 
A Hokuyo UTM-30LX laser is also mounted 

at the front of the vehicle. It provides data 

from -45° to 45° (centered at the laser) for 

objects within a 1.5’ range. The laser provides 

feedback for the “Training” mission and 

obstacle avoidance. The Hokuyo is shown in 

figure 4. 

C. Inertial Measurement Unit 
The CoralAHRS is used as a digital compass 

for the robot. This sensor provides absolute 

pose information, which includes yaw, pitch, 

and roll. This information is then used to 

control Hippocamp II’s pose in the water. 

Figure 4: Front view of Hippocamp II shows forward 
camera and laser placement. 
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Additionally, the gyros and accelerometers are 

used to estimate the velocity and position of 

the vehicle and adjust for magnetic 

interference of the motors on the compass. 

D. Depth Sensor 
A Keller America AccuLevel depth sensor is 

mounted externally. The device sends back 

absolute pressure information referenced from 

1 atm. It communicates through RS-485 as 

well as sending analog data. The sensor is 

within half an inch of accuracy. 

E. Hydrophones 

An array of five TC-4013 hydrophones is 

mounted at the front of the vehicle. Multiple 

configurations have been implemented that 

allow for multiple triangulation methods to be 

used. 

F. Homeostatic Information 
These sensors include temperature, humidity, 

and power monitoring. The HS-2000v is used 

to monitor the temperature and humidity inside 

the main tube. The LTC4151 provides voltage 

and current data. This information will be 

relayed to the user through the display board 

and software. 

V. Software 
Each year the Robotics Club at UCF continues 

to add to and expand the open-source online 

repository called Zebulon. This repository 

contains code for everything from computer 

vision, artificial intelligence, visualizations, 

sensor acquisition, and embedded system 

interoperability. The software takes full 

advantage of SAE-JAUS in a manner which is 

clean and consistent with the standard.  

 The software architecture is composed 

of two core programs, Baseline and 

Underwater. The Baseline Program integrates 

all hardware and sensors, abstracting them via 

JAUS services. This program is standalone, 

and allows for any JAUS compliant program 

to subscribe to data streams or request control. 

This Underwater Program contains all of the 

intelligence, including vision processing, 

mapping and obstacle avoidance. These two 

programs work together in a master/slave 

relationship, the Underwater Program analyzes 

data from Baseline, makes decisions, and 

generates commands that are sent back to 

appropriate Baseline services to execute. 

Figure 5 shows a basic layout of the major 

software components. 

A. SAE-JAUS 
The current release of JAUS (Joint 

Architecture for Unmanned Systems) is 

maintained by the Society of Automotive 

Engineers. Starting from the ground up, the 

software system was built on the ACTIVE 

JAUS++ platform, a SAE-JAUS compliant 

library, along with custom design framework 

to form a modular, efficient system for rapid 

development and deployment of intelligence 

software. 

Figure 5: Graphical representation of software 

architecture. 

B. Baseline 
Baseline serves as the core program of 

Hippocamp II. It communicates with all of the 
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physical hardware including cameras, motors, 

and microcontrollers. Several services exist to 

collect and communicate this information 

including Primitive Driver, Velocity State 

Driver, Velocity State Sensor, Global Pose 

Sensor, Visual Sensor, Range Sensor, and 

Microcontroller. 

C. Underwater 
The Underwater program has three key 

components. These include GlobalInfo, the 

artificial intelligence, and GlobalCommand. 

GlobalInfo and GlobalCommand create a 

barrier between JAUS and the intelligence. 

This buffering permits seamless interchanging 

between real world and simulated data. 

1. GlobalInfo 

GlobalInfo is the mechanism used to bring 

data from the sensors over JAUS into a format 

that the AI can easily make use of. Virtual 

information can be added dynamically to 

GlobalInfo, making data transmission on the 

logical end seamless through a single 

interface. Data passed through GlobalInfo is 

also filtered using a variety of algorithms 

specialized on a per-sensor basis to ensure 

maximum information quality. 

 Additionally, all information passed 

though GlobalInfo is logged to disk (Camera, 

Laser, Orientation, etc).  This data can then be 

analyzed at a later time to understand why a 

failure occurred or be used to play back 

through the system as simulated “Baseline” 

information to test new algorithms. 

2. GlobalCommand 

GlobalCommand moves the gears of the 

system, executing commands that the AI 

makes by sending data to Baseline over JAUS. 

All actuation and thrust commands are passed 

through GlobalCommand to the Velocity 

Vector Driver. 

D. Control System 
A vector thrust control system was developed 

to separate the controllable and the observable 

degrees of freedom. The robot has four 

directly observable inputs that provide 

absolute feedback. These include yaw, pitch, 

roll, and depth. With the current configuration 

four motors can be used to control the vehicle 

in these four degrees of freedom. Vectors that 

represent desired motion, based on the 

intelligence, are mapped to the individual 

motors. This result is a tight closed-loop 

control system operating at 20 Hz. 

 Surge and sway motions will vary 

between open and closed-loop control. This is 

dependent on the current state of the robot, this 

could include when moving relative to an 

object of interest like a path. Current efforts 

are being made to use visual data to provide 

full pose information. 

E. Artificial Intelligence 
The basic structure of the intelligence is a 

Finite State Machine (FSM) with some 

additional capabilities. A single overarching 

FSM is used to decide the current mission. 

Internal to each mission is a FSM specific to 

the completion of that specific task. In addition 

to the FSM is the inclusion of “Sentinel 

Rules”. These external missions can take 

control at any point, acting as a “failsafe” 

mechanism, interrupting the current logic to 

prevent irreconcilable collisions, premature 

surfacing, and as a safety and recovery system 

if the electronics surpass critical temperatures 

or other critical hardware failures occur.  

F. Computer Vision 
The vision system serves two purposes. The 

first objective is to recognize the objects of 

interest. Specific algorithms have been 

developed for each type of object. Methods 

used include thresholding, segmentation, color 

space manipulation, shape recognition, and 

more complex algorithms, such as feature 

matching. A number of these methods are 
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combined and a final evaluation is used to 

specify if the object was found. Multiple 

methods are implemented to produce a system 

that performs better in a dynamic environment. 

Figure 6 shows the output of several the 

algorithms used. 

 A secondary use of the cameras is to 

obtain pose information. This is achieved by 

tracking individual features between multiple 

frames. This can then be combined with 

method including SLAM (Simultaneous 

Localization And Mapping) to have an 

accurate estimation of the robot’s pose. 

 

 

 
Figure 6: Current computer vision methods. 

G. Utilities 
Several utilities were created to facilitate AI 

development. These tools include functions for 

timing and debouncing or more complex 

visualization tools.  

H. XML 
The XML loader allows variables to be 

grabbed from an XML document. The fetching 

of this information can occur continuously and 

without the need to recompile. This capability 

allows for rabid development while testing or 

quick changes during a competition run. 

VI. Testing 
Testing has happened on several levels. Low-

level testing has been conducted on every 

component. This includes validating that a 

circuit is working correctly or software is 

working as intended. 

 Mid-Level testing involves the testing 

of a system. This includes testing the APL 

system in optimal conditions or computer 

vision algorithms through simulation. Through 

the logging system, we were able to take 

images of the obstacles and then test the state 

machine and vision system using the data 

playback. 

The final phase of testing is running 

full missions and algorithms on the vehicle. 

Water testing was conducted in several 

facilities, including a small above ground pool, 

regular leisure pools, and some testing in 

larger bodies of water. 
Nearly every mission of the 

competition has been attempted and completed 

individually in one of the testing facilities. 
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