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Abstract 

Title:   Computerization of an Autonomous Mobile Buoy 

 

Author:  Adam Stuart Outlaw 

 

Major Advisor: Stephen L. Wood, Ph.D., P.E. 

A new type of autonomous research buoy has been developed to perform 

physical, biological and environmental impact studies in estuarine waters. It may also be 

used to detect early warning signs of Harmful Algal Blooms (HABs) and outbreaks of 

other potentially harmful organisms. The vehicle is especially necessary in regions that 

cannot be accessed by research vessels and where sampling is difficult, dangerous, 

expensive, or not amenable to manually collected data.  Data collection in the Indian 

River Lagoon (IRL) is most commonly performed by volunteers, students and researchers 

under conditions that are often hot, humid, mosquito-infested, and threatened by 

lightning storms. 

The Autonomous Mobile Buoy (AMB) acquires similar research data to other 

autonomous ǎȅǎǘŜƳǎΣ ǎǳŎƘ ŀǎΣ /ƻŀǎǘŀƭhōǎŜǊǾŀǘƛƻƴΩǎ ό/ƻŀǎǘŀƭhōǎύ hŎŜŀƴ-Atmosphere 

{ŜƴǎƻǊ LƴǘŜƎǊŀǘƛƻƴ {ȅǎǘŜƳ όh!{L{ύ ό±ƛǊƎƛƴƛŀΣ ¦{!ύ ŀƴŘ wƻōƻǘƛŎ aŀǊƛƴŜ {ȅǎǘŜƳǎΩ {ǳǊŦŀŎŜ 

Craft for Oceanographic and Undersea Testing (SCOUT) (Gray, Maine, USA).  The unique 

feature of this system is the capability to autonomously moor at each way-point. The 

purpose of the AMB is to self-navigate to multiple locations, anchor and then acquire 

data. 
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This thesis presents the design, construction and field trials of AMB.  The vehicle 

is equipped with two MicroChip PIC microcontrollers and a Lippert Cool RoadRunner II 

PC/104 small form factor single board computer running LabVIEW® 6.1 to operate the 

control system.  The autonomous control of the vessel is designed to use a USGlobalSat 

MR-350 Global Positioning System (GPS), an EZ-Compass digital compass, and dual Minn-

Kota 50-lb thrust trolling motors to navigate between way-points.  Upon reaching the 

way-point, the buoy is programmed to anchor using a Minn-Kota Deckhand 40 winch.  

The AMB is presently equipped with the Davis Weather Monitor II which continuously 

measures and records meteorological data.  After a predetermined time the system is 

programmed to raise the anchor and move to the next way-point.  The AMB is powered 

by dual solar panel charging system and three 50 amp hour deep cycle batteries that 

enable continuous operations. 
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1. Introduction 

1.1 Purpose of an Autonomous Buoy 

A new type of autonomous research buoy has been developed to perform 

physical, biological and environmental impact studies in estuarine waters. It may also be 

used to detect early warning signs of Harmful Algal Blooms (HABs) and outbreaks of 

other potentially harmful organisms. The vehicle is especially necessary in regions that 

cannot be accessed by research vessels and where sampling is difficult, dangerous, 

expensive, or not amenable to manually collected data.  Data collection in the Indian 

River Lagoon (IRL) is most commonly performed by volunteers, students and researchers 

under conditions that are often hot, humid, mosquito-infested, and threatened by 

lightning storms. 

The Autonomous Mobile Buoy (AMB) acquires similar research data to other 

ŀǳǘƻƴƻƳƻǳǎ ǎȅǎǘŜƳǎΣ ǎǳŎƘ ŀǎΣ /ƻŀǎǘŀƭhōǎŜǊǾŀǘƛƻƴΩǎ ό/ƻŀǎǘŀƭhōǎύ hŎŜŀƴ-Atmosphere 

{ŜƴǎƻǊ LƴǘŜƎǊŀǘƛƻƴ {ȅǎǘŜƳ όh!{L{ύ ό±ƛǊƎƛƴƛŀΣ ¦{!ύ ŀƴŘ wƻōƻǘƛŎ aŀǊƛƴŜ {ȅǎǘŜƳǎΩ {ǳǊŦŀŎŜ 

Craft for Oceanographic and Undersea Testing (SCOUT) (Gray, Maine, USA).  The unique 

feature of this system is the capability to autonomously moor at each way-point. The 

purpose of the AMB is to self-navigate to multiple locations, anchor and then acquire 

data. 

The Autonomous Mobile Buoy (AMB), which was originally designed and built 

without autonomous control by undergraduate ocean engineering students1 at Florida 

Institute of Technology (

                                                           
 
 
1
 Zak Pfeiffer, Michelle Rees, Safia Tappan, Derek Tepley 
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Appendix A ς Timeline of the AMB), is controlled by two Microchip PIC microcontrollers 

and a Lippert Cool RoadRunner II PC/104 computer that is programmed with LabVIEW® 

6.1 to continuously measure and record scientific data. The AMB allows for larger survey 

areas than the typical stationary research buoy and it allows for more cost effective 

surveying than the typical research vessel and crew because the computer is 

programmed with a LabVIEW® Virtual Instrument (VI) to use a USGlobalSat MR-350 

Global Positioning System (GPS), an EZ-Compass digital compass, and dual Minn-Kota 50-

lb thrust trolling motors to navigate between way-points.  Upon reaching its location, the 

buoy is programmed to moor and unmoor by controlling its anchor with a Minn-Kota 

Deckhand 40 winch.  The dual solar panel charging system allows the AMB to be 

powered indefinitely ensuring continuous data collection. 

A collision control system, current meter, wave measurement system, sea grass 

surveying cameras, hydrophones for acoustic sound identification, depth observation, 

CTD, turbidity sensor, SCOUT, Harmful Algal Bloom (HAB) detection system, and wireless 

communication for real time data logging and navigation will be added in the next phase 

of this project and is not included in the objective.   

 A typical moored buoy is designed and constructed with a specific purpose such 

as, recording wave data, meteorological data, current data, sea surface data, and other 

oceanographic measurements that can be collected by a stationary buoy.  The US 

National Data Buoy Center (NDBC) maintains approximately 70 moored buoys [1].  These 

ōǳƻȅǎ ŀŎǘ ŀǎ ǿŜŀǘƘŜǊ ǎǘŀǘƛƻƴǎ ǘƘŀǘ ŎƻƭƭŜŎǘ άǿƛƴŘ ǎǇŜŜŘ ŀƴŘ ŘƛǊŜŎǘƛƻƴΣ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ 

and pressure, wave conditions, and visibility [2]Φέ  There are other buoys called marker 

buoys that are designed to mark channels, port entrances, subsurface pipelines, anchor 

positions, wrecks, and other submerged hazards [2].  There are approximately 24,000 

buoys deployed and maintained by the Coast Guard in US waters alone [3].  

   A mobile buoy can be used to perform many of these same tasks, therefore, 

dramatically reducing the number of buoys necessary.  The AMB (Figure 1) can perform 

these tasks more efficiently and cost effectively than the typical moored buoy because of 

its lack of necessary human involvement.  Therefore, the same data recorded by the 
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Figure 1 AMB Sea Trial [4] 
Photo courtesy of Dr. Stephen Wood, Florida Institute of Technology 

 
NDBC could be recorded at multiple locations by one buoy navigating itself to various 

locations.  By using the AMB, meteorological, chemical, biological, and physical data (i.e. 

water quality, plankton studies, seagrass studies, weather anomalies, current, salinity, 

and temperature) could be recorded while the buoy is navigating to its next location or 

while moored.  Therefore, if a researcher needs water quality data from a particular 

transect in the near-shore region, an AMB can provide that data along with pertinent 

meteorological data without the need of human interference.  This is more time and cost 

efficient than by performing transects in a research vessel that requires the cost of gas 

and manpower.    

 The AMB could also be used as dynamic channel markers.  Since the buoy is 

capable of changing location and direction and determining water depth, it can 


