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ABSTRACT 
 

During the past year a Small Water-plane Area Twin Hull (SWATH) autonomous surface 

vessel (ASV) has been developed to perform autonomous collection of multibeam 

bathymetry data to produce accurate three dimensional maps of shallow water regions. A 

previously existing SWATH hull was modified and extended through the addition of a 

multibeam sonar, pose sensors, and an automated trajectory controller. In addition, 

improvements to the power system were made, and a powered hull ballast system was 

added. The resulting SWATH scientific development platform is less prone to pitch and 

roll when compared to a traditional monohull, catamaran, or kayak design, and will 

provide better quality maps of shallow regions than current methods. Elements of the 

final design were successfully tested and demonstrated in multiple field deployments in 

Stevens Creek Reservoir and Lake Tahoe. 
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1 Introduction 

1.1 Background 
There is more information known about the surface of the moon than the ocean floor. 

With approximately 70 percent of the earth being covered by ocean, it’s surprising that more 

research related to ocean exploration is not being conducted. One of the most vital regions of the 

oceanic bodies of water that require research are the bay and coastal waters. The oceans and 

coastal estuaries provide a vast amount of resources to humankind. Our dependence on these 

resources is constantly increasing, while little is being done to monitor and evaluate the effects of 

this continued strain on animal species and their habitats. 

There is a large lack of information due to the complex logistics and risk currently 

required to perform and acquire scientific measurements in shallow water areas such as estuaries, 

rivers, and bays[10]. Bathymetry data displays the seafloor terrain and topography and is a useful 

tool for monitoring the geographical features and habitats of a region. Bathymetry data is 

important because it allows scientists of many different fields to analyze ecosystems, habitats, 

and geological compositions and anomalies. Current platforms for performing coastal multibeam 

mapping and obtaining bathymetry data use relatively large manned vessels which have 

difficulty or cannot navigate in shallow water. If large vessels are used in these shallow waters, 

they may pose a danger to marine life, the habitat, the crew, and / or its equipment. 

It is currently difficult to collect this data in shallow regions, which are prone to tides, 

high currents, and wave motion. Pitch and roll create large deviations and defects in the 

bathymetry data collected from a multibeam head, and will result in difficulty constructing grid 

and projection visualizations. 
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Figure 1.1  Seafloor Systems “Echo Runner”. This is a manned vessel equipped with an echo 

sounder to collect bathymetry data in shallow regions. 

Current methods for collecting multibeam bathymetry data in shallow coastal and inland 

regions are in the early stages of research and development. They generally involve using 

makeshift mounts to attach a multibeam or echo-sounder unit temporarily to a standard 

watercraft. One example of this is Seafloor Systems “Echo Runner” which consists of a Jet Ski 

watercraft equipped with an echo-sounder[1]. This system is driven by an operator who also is 

required to run the onboard laptop, causing a path of travel that is not as optimum as an 

autonomous control system. Also, a Jet Ski is a lightweight monohull that will be heavily 

subjected to the effects of waves, pitch, roll, and wind. 

The SWATH (Small Waterplane Area Twin Hull) scientific development platform is less 

prone to these afflictions when compared to a traditional hull design and will provide better data 

quality than current methods. The SWATH hull design is a relatively new concept in naval 

engineering. It resolves or reduces many issues that plague hull designs such as monohulls, 

catamarans, and kayaks which suffer from pitch, roll, and heaving.[11] The SWATH boat’s 

stability is attributed to its submerged hull design, small water-plane area, and high mass to 

damping ratio. These characteristics make SWATH an ideal candidate as an autonomous 
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scientific development platform. The purpose of the SWATH autonomous surface vessel project 

is to create a stabilized autonomous multibeam mapping research vessel for the gathering of 

inland and coastal shallow water bathymetry data. 

1.2 Previous Work 
The SWATH Autonomous Surface Vessel project was started in the fall of 2004 as an 

interdisciplinary senior project consisting of mechanical, electrical, and computer engineers. The 

project concept and idea was the brainchild of Mr. Bill Kirkwood of MBARI, and Dr. Geoff 

Wheat of the University of Alaska Fairbanks, who was also the primary customer. The initial 

project goal was to create a vessel to perform autonomous conductivity, temperature, and depth 

measurements at various locations in Kasitsna Bay, Alaska. The SWATH ASV has been funded 

by two grants provided by the National Science Foundation, as well as funds from the MBARI, 

the Santa Clara University Robotics System Laboratory, and the University of Alaska Fairbanks. 

During that project the physical structure consisting of platform, struts, and pontoons was 

designed and constructed. The motors were mounted and preliminary power system 

implemented. An electronics system for driving the boat, and graphical user interface was also 

developed. During the summer of 2005 Paul Mahacek performed stability testing and 

modification to the boat as an intern at the Monterey Bay Aquarium (MBARI)[13]. The project 

was then dormant until the summer of 2007 when Todd Berk worked on it as an MBARI 

intern[14]. 
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1.3 Field Literature Review 
 

 

Figure 1.2 MBARI’s Ventana ROV.[4] 

For many years, there have been a number of robotic vehicles providing platforms for 

scientific research.  The more popular of these vehicles has been the remotely operated vehicle, 

or ROV, which is managed through a tether by a remote user. Monterey Bay Aquarium Research 

Institute’s (MBARI) Ventana, pictured in Figure 1.2, provides an example of an ROV that is 

used to perform deep sea research.[4] 

The problem typically encountered with ROV’s involves the man-hours required to 

manage the system. It requires a number of staff members to pilot the vehicle, supervise 

deployment and recovery, and monitor the tether.  During the entire operation time, a user is 

required to control the system which, when embarked on prolonged missions, could lead to  

fatigue of the user. 

The use of automated surface vehicles (ASV) is a relatively new topic that has been 

gaining some acceptance in ocean research. Companies such as ASV Limited, Incorporated, 

provide commercially available systems for automated surveillance and mine tracking.[12] 
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These vehicles provide a method for performing dangerous or time consuming tasks in ocean 

research. 

In the past, there have been a limited number of small SWATH or catamaran style boats 

used for underwater research. These prior designs have been subject to numerous problems, such 

as excessive wave motion, or complete instability, such as the SWATH boat developed by the 

U.S. Department of Transportation.  

 

Figure 1.3 U.S. D.O.T. SWATH - The department of Transportation’s version of a SWATH boat 

was unstable and suffered from capsizing issues.[5] 

The remotely controlled boat featured in Figure 1.3 was built by the Department of 

Transportation and was equipped with an ultrasonic transducer in order to measure the scouring 

of bridges. It suffered from stability issues due to the high center of gravity from the motor, and 

hulls providing flotation. It was so severe that it capsized numerous times while performing 

turns.[5]  

1.4 Statement of Project Objectives 
The goal of this years design team was to develop a robust vehicle capable of performing 

hydrographic and bathymetric data collection autonomously, for research in rivers, lakes, bays, 
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estuaries, oceans, and reservoirs. The data would then be post-processed to make accurate, high 

quality three dimensional maps of the surfaces below it, providing valuable geospatial 

references. The vessel would be prepared and extensively tested for an anticipated deployment in 

the Puget Sound of Washington and Kasitsna Bay Alaska in upcoming years. In preparation for 

these deployments, there would be numerous testing deployments in Stevens Creek Reservoir, 

California, and a final testing phase in Lake Tahoe, Nevada. 

To meet the primary goal, design objectives were established in order to improve the 

existing SWATH hull, and to add necessary functional capabilities. In order to provide sufficient 

power for a full day’s deployment, the energy storage capacity of the boat needed to be greatly 

increased through the addition of more submerged batteries in the hull, with a possibility of an 

added generator. The distribution of power needs to be modular in order to allow instruments and 

additional power sources to be connected. To increase the map quality a set of pose sensors are 

required to measure accurate velocity, heading, pitch, and roll. To log the data from the 

multibeam and pose sensors an onboard laptop in a waterproof enclosure was required. To create 

maps of larger regions, it is necessary for the boat to travel autonomously, requiring a trajectory 

controller. The most time consuming part of launching the boat is adjusting buoyancy manually 

with weights, and therefore adding a ballasting system will greatly shorten launching time. 

The resulting work based on the objectives was a success. Six new battery enclosures 

were constructed which were waterproof and robust, and would provide enough power for eight 

hours of operation. A modular power distribution box was built and designed to allow the simple 

addition of new instruments, as well as additional power sources. To provide accurate pose 

readings, a Doppler Velocity Log (DVL) was integrated into the system. To record the data from 

the multibeam, DVL, and GPS, a laptop with waterproof enclosure was integrated. Autonomous 
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control was achieved by designing, simulating, and implementing a trajectory controller. To 

speed the boat launching process, a ballast system was designed and implemented. 
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2 System Level 

2.1 Customer Needs 
In the Fall quarter of 2007 a series of questionnaires were sent via e-mail to various 

individuals who specialized in robotic systems in marine environments.  These individuals 

included Dr. Geoff Wheat, Professor of Research at University of Alaska Fairbanks, Bill 

Kirkwood, Associate Director of Engineering at Monterey Bay Aquarium Institute (MBARI), 

and Gary Greene, Professor emeritus of Moss Landings Marine Labs. In the questionnaire, 

important issues such as battery life, environments, instrumentation, and user preferences were 

covered.  Through the collected responses, the specialists were able to relate the required and 

desired capabilities of the SWATH boat. The collected surveys are shown in Appendix C. 

The general capabilities and customer needs of the boat were derived through the 

responses of the surveys. 

These needs included: 

A battery life of approximately eight hours

The ability to launch the SWATH boat from a boat ramp

The ability to incorporate a CTD (conductivity, temperature, and depth) 
instruments 

The ability to charge the batteries without removing the boat from the water

The ability to withstand 30 knot winds and operate in seas up to one meter high

The ability to map 1/4 square kilometer within one eight hour shift

The ability to produce and log accurate three-dimensional maps
 

Table 2-1 Customer Needs. This table expresses the desired functionality based on a potential 

customer needs survey. 
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2.2 Benchmarking 
Although there are no current products like the autonomous SWATH boat, there are 

designs that are similar in design and tasks.  The boats that have already been developed include 

the unnamed vehicle developed by Autonomous Surface Vehicles (ASV) and the USV-2600 

developed by Sea Robotics Corporation. 

2.2.1 Autonomous Surface Vehicles 

 

Figure 2.1 – ASV built by Autonomous Surface Vehicles Limited. This boat is powered by a 

diesel engine that can push it at a speed of ten knots while performing mapping.[12] 

A boat developed by Autonomous Surface Vehicles (ASV) of Chichester, West Sussex, 

United Kingdom boasts more stable platform then conventional boats. The boat’s design has 

most of its bulk submerged in a torpedo and fin like configuration to allow for a greater 

resistance to waves.  As the boat encounters a wave, the change in submerged volume is 

considerably less then the overall volume, which results in only a small disturbance. The vehicle 

can either be pre-programmed or used remotely and is said to work at a fraction of the cost of 

conventional work boats and underwater vehicles. The vehicle uses the same type of diesel 

engine of typical boats and has a max speed of 10 knots and an endurance of 48 hours in rough 

sea conditions. It is to be used for marine surveillance, to identify illegally used vessels, and for 

commercial hydrographic survey activities.[12]  
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2.2.2 USV-2600, Sea Robotics Corporation 

 

Figure 2.2 – USV-2600 by Sea Robotics Corporation. This ASV is equipped with a multibeam 

sonar and designed for shallow regions. It has been successfully deployed in the Florida 

panhandle[3]. 

Sea Robotics Corporation has developed the USV-2600 Mission Reconfigurable USV 

(Unmanned Surface Vehicle) for shallow water and estuary marine research. It can be configured 

with a large number of different scientific payloads. Scientific instruments can include 

combinations of side scan sonar, echo sounder, doppler velocity log, CTD (conductivity-

temperature-depth), sub-bottom profiler, and multi-beam sonar. It can reach a top speed of 6 

knots, and at a cruising speed of 4.4 knots the batteries will last approximately six hours. It was 

designed primarily to do research in shallow water marine habitats such as estuaries. One 

example was a deployment of it in Apalachicola bay in the Florida panhandle which is between 

one half and three meters deep, and contains the third largest oyster fishery in the United States. 

It gathered data about the sediment layers using a sub-bottom profiler and temperature using 

infrared sensors, where aerial photography and lidar techniques would not work. 
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2.3 System Architecture 

2.3.1 Operation Scenerio 
Under ideal deployment conditions the SWATH boat would be required to map a certain 

predefined geographical area. Once a deployment would be scheduled and location selected by 

GPS coordinates, the boat would be transported near the location. The boat would then be 

deployed in the water, and trajectory controller software would handle all path generation and 

navigation. Once the boat reaches the desired mapping area, it would begin a “mow-the-lawn” 

pattern to cover the area, while logging data from the mapping instruments. Once recovered from 

deployment, the data would be post-processed and maps generated. 

2.3.2 System-Level Sketch 
An enlarged version of the System level diagram is displayed in Appendix B 

 

Figure 2.3 – SWATH System Level Diagram. This diagram shows the various subsystems on 

the boat, including the scientific, navigation and control, and power subsystems. Also shown are 

their power and communication paths. 



 
 

 

12 

2.3.3 Functional Analysis 
The SWATH boat consists of numerous systems: science instruments, sensors, data 

logging, navigation, structure, and motors. 

The scientific instruments system consists of multibeam sonar and a Doppler velocity 

log. The multibeam sonar is a device that contains hundreds of piezoelectric transducers and 

sensors which emit and detect ultrasonic wave frequencies at different angles. The amount of 

time it takes for the wave to travel to an object and reflect back is proportional to the distance the 

object is away. There are a number of dependant factors for accuracy of this device, such as 

speed of sound through medium, temperature gradients, relative velocities (Doppler effects), and 

pitch and roll. 

The sensor system consists of an altitude, heading, and reference system (AHRS), global 

positioning system (GPS), and Doppler velocity log (DVL). The AHRS uses micro-electrical 

mechanical gyroscope transducers to obtain the pitch and roll, as well as a digital compass for 

heading. The GPS is a common instrument used to obtain position information by receiving data 

from satellites, which is also differentiated with respect to over-the-air radio signals for a high 

accuracy of better than 15 meters. The DVL operates similarly to the sonar by emitting and 

sensing sound waves from the surface below it and using the Doppler effect to get highly 

accurate (less than 1cm per second) vector components of the velocity over ground. 

The motors are modified Minn-Kota RT55 salt water electric thrusters. They are brushed 

DC type and provide 55 pounds of thrust using 12 volts but will be able to provide nearly double 

the thrust using 24 volts. 

The data logging system keeps an accurate time-stamped log of all the data from the 

sensors to create accurate maps. This is done using an on-board laptop and a serial port expander 

to interface with all the instruments. 



 
 

 

13 

2.3.4 Key System Level Issues 
The key system level issues are the data logging, battery power, and navigation systems. 

These systems need to all operate reliably in order for the boat to perform its science mapping 

missions. The sensors used in these systems, namely the digital compass and AHRS need to 

relate information accurately to provide reliable information for the map generation.  A single 

failure of any of these systems will result in a total mission failure.  

Each system was developed, integrated, and heavily tested before actual scientific 

deployments can be performed. The AHRS needed to be tested and calibrated for accuracy in the 

heading, pitch, and roll directions. To increase its reliability, it was isolated from electromagnetic 

interference and the high frequency vibrations that are created through the motors. 

The high powered lead-acid batteries needed to be mounted inside the submerged hulls of 

the SWATH boat to give it a low center of gravity and maintain stability.  However, mounting 

the batteries below the surface in salt water is dangerous if not sealed and mounted properly. The 

salt water conductivity has the potential of creating an explosion if the batteries come in contact 

with the environment. 

The data logging system’s reliability is crucial to the success of accurate mapping. There 

are problems that the computer can encounter such as crashes, freezing, exposure to moisture, 

and overheating. The data logging computer was mounted on top of the boat’s deck and was 

placed within a waterproof case. The case needed to be cooled in order to keep the computer 

from overheating. To monitor the computer system, login using a remote terminal service, which 

allows the user to see if the computer is frozen, or overheated, was necessary.  
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2.3.5 Layout of System 
The project was comprised of three main systems where each system represents a variety 

of needs that were specified through the customer responses. The systems involved battery 

modification, data collecting and logging, and boat stability. 

Battery modification was of the highest priority because it satisfies the greater number of 

customer needs.  Modification involved the manufacturing of new, watertight battery housings, 

rechargeable battery systems, external energy sources, and implementation of higher quality 

batteries.  These changes will result in longer range, a more robust system and higher mapping 

capabilities. 

Data collecting and logging involved acquiring sensor and instrument readings and 

relating them to the user in a manageable format.  A system linking the remote user location and 

the boat was developed and tested to work properly within the desired range.  The data collected 

is logged on board and analyzed at a later time. 

2.4 Team and Project Management 

2.4.1 Project Challenges and Constraints 
The challenge of the project was to produce a reliable and robust system that can 

withstand the Kasitsna Bay environment and provide reliable maps.  Given the SWATH boat in 

its beginning state in fall 2008, the challenge involved modifying the battery housings, the 

logging system, the boat thrusters, and platform. The project had few limiting factors whereas as 

size and weight were not restricted.  The main constraint involved the battery life and boat speed 

as described by the customer’s needs.  A series of designs for both the hardware and software 

were developed to satisfy the challenge. 
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2.4.2 Timeline 
The schedule shown in Appendix D was to be followed for the 2007-2008 design year.  

In the calendar, dates for group meetings, deadlines and weekly tasks are presented to keep the 

project goals within the desired time-frame. 

Within the first quarter of the design process, the group’s tasks involved research and 

design for the various modified systems. Products were examined and compared through web 

based data sheets. Using these specifications, various parts, such as battery housings, were 

designed to fit and maintain the integrity of the member. 

The winter quarter involved the accurate modeling and manufacturing of the system.  In 

this stage, all components were added and hardwired to the system. The end of the stage 

produced a completely assembled prototype that was to be tested and examined. 

The spring stage of the design involved the testing and debugging of the system. 

Numerous on-site tests were completed to check the integrity of the hardware and software. In 

this stage, all flaws were to be corrected and the boat was made ready for real time mission in 

Tahoe and Alaska. 

2.4.3 Design Process 
In designing the battery housings, many constraints and requirements were taken into 

consideration to produce a reliable design.  The main restrictions were to make a housing that 

was watertight, allowed for in-water charging, and allowed for gas venting. 

The first consideration involved the number of batteries that the housings were to hold.  It 

was decided that there were to be a total of eight batteries with four batteries being held in each 

hull.  However, it was concluded that the chosen batteries will not make the vertical clearance of 

the hull covers.  The group decided to ignore the vertical clearance at this stage, therefore new 

covering designs would be necessary. 
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Figure 2.4 – Deep Sea Power Waterproof Battery Enclosure.  MBARI uses these sealed 

battery enclosures in their moorings.[6] 

To create a watertight seal, the housings developed by Deep Ocean Engineering were 

analyzed (Figure 2.4) and it was decided that the design would benefit the SWATH boat.  The 

watertight characteristic is to be accomplished through a series of seals and plastic coverings to 

create a watertight chamber where the batteries are to be held.  The chamber is to be filled with 

mineral oil and a pressure valve it to be attached to the plastic coverings to allow for gas 

ventilation.  Watertight seals and connections are to be attached to allow for in water charging. 

2.4.4 Risks 
There are numerous risks involving the development of the SWATH boat.  The main 

concern involves the loss of money through damaged equipment such as the multibeam and 

doppler velocity log.  These losses would result in a halt and possible termination of the project.  

Also, there is the possibility that the SWATH boat and equipment are lost on missions if a 

complete system failure occurs and the boat is lost.  

2.4.5 Team Management  
The team consisted of two mechanical engineer undergraduates, Todd Berk and Andrew 

Casanova.  The faculty advisors were Professor Chris Kitts, Robotics System Laboratory 

Director, and Professor Timothy Hight, Mechanical Engineering Department Chair.  The team 

was small, which required that a tremendous amount of work be completed by each member.  
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However, through the guidance of the advisors and other helpful sources, the project goals have 

been reached. 

Operations for the project included the involvement of both team members.  Rather than 

dividing the work load between the members, it was agreed that work would be conducted in a 

team environment.  The benefits of such a tactic included direct involvement with every system 

level, and continuous communication about the various project concerns. 
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3 Subsystems 
The SWATH boat is comprised of numerous subsystems, which work together to enable 

the system to function as a whole. Each individual subsystem is a complex combination of 

materials, engineering, and hard work. In order for the boat to have a successful deployment, all 

of these subsystems must properly work. The subsystems are the power system, battery storage 

system, mapping instrument subsystem, data logging subsystem, autonomous control system, 

and ballasting system. 

3.1 Power System 
The various electronic subsystems on the boat require various forms of power. In order to 

make the vessel as versatile and reconfigurable as possible, a modular power system was 

required. This power system needed to provide 24 volts of power to the thrusters, as well as 12 

and 24 volts to the various electronics. It needed to easily be rewired inside to distribute the loads 

among different batteries.  

With these needs in mind, the power system was designed to allow the boat to be 

deployed with as little as two batteries and can connect as many as six. Two of the batteries were 

wired in series to power the electronics, and the other four batteries were connected in parallel 

pairs.  
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Figure 3.1 - Power Distribution Box. This waterproof box acts as a hub for the power system 

and provides 12 and 24 volts to the various subsystems. 

To easily manage the various battery connections, a power distribution box was designed 

and created as the central component of the power system. The enclosure was created using a 

compact clear Otterbox which features watertight seals (Figure 3.1). Cable glands (Dorn 

connectors) were used to provide a sealed interface where the cables penetrate the box. Inside the 

box five bus bars were adhered to the base. A common ground was created for the system, and 

the other bus bars were used to create the voltages for the different subsystems using the various 

battery combinations. Wires can be easily arranged among the bus bars using basic hand tools, 

which allows the power system to be quickly reconfigured or expanded.  Additional connections 

can be made simply using a ¾ inch fender punch and additional Dorn connectors 

The onboard laptop did not have enough battery power to record data for an eight hour 

deployment. The laptop itself requires 19 volts DC and can consume up to 180 watts. During 

data collection, the laptop lasts less than one hour on its own batteries and it needed to be 

plugged into an external power source for extended missions. However, there was no existing 

DC power adapter that met the power draw and proprietary connector needs. A method that was 
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considered involved using a DC to AC converter that would be powered by the boat.  The 

laptop’s AC to DC adapter would then be plugged into the adapter to allow for constant power 

supply. However, it was decided that this method would be unreliable and inefficient.  Instead a 

high power generic laptop DC power supply was modified with a connector to fit the laptop. 

Safety of the power system is a top priority. Batteries can discharge a large amount of 

current very quickly, and in the vicinity of water, these dangers are amplified. Not only could the 

batteries shock a human with lethal power. Batteries can also explode if the terminals are shorted 

after coming in contact with water, especially salt water.  As a safety precaution, before every 

deployment it was necessary to check that every connection was made properly, and that all seals 

were watertight.  
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3.2 Battery Storage 
To support the power system, it was necessary to design a containment system for the 

battery components.  The containers needed to feature watertight seals, battery accessibility and 

modified shapes to allow for proper storage within the boat hulls. 

   

Figure 3.2 and Figure 3.3 – Previous Power Containment Devices. Sealed buckets (left), and 

sealed dive bags (right) have previously been used to enclose the batteries underwater and protect 

them from being flooded. 

Previous power containment devices for the SWATH boat battery system consisted of the 

use of watertight buckets and dive bags (Figure 3.2) with modified watertight connections. 

However, these methods were unsuccessful at creating a permanent containment system.  The 

problems encountered consisted of insufficient rigidity of the materials and unreliable methods 

for creating watertight seals. 

In the design for the battery containers, previous attempts and customer needs were taken 

into consideration.  The most important features were considered and applied to the final design. 
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3.2.1 Design Considerations / Failed Designs 
With the given specifications, various designs were developed and considered.  The 

designs varied from the number of batteries that each container would hold to the type of 

materials that would be used for construction. 

3.2.2 Multi-Battery Container 
The first design that was considered consisted of a UHMW plastic container that would 

house multiple batteries.  Initial designs considered only two batteries per container (Figure 3.4) 

but it was determined that, through some modifications of the boat hulls, as many as three 

batteries would fit into each container.  However, there were a number of problems and issues 

that arose with this design. 

 

Figure 3.4 – Multi-battery Housings. Normal and exploded view of the first design consideration placed within 

the boat hulls 

The first problem that was encountered was the need to have the design constructed by an 

outside source.  It was decided that the rounded feature that was used in the design to mimic the 

hulls shape would needed to be cut out using a water-jet at MBARI’s machine shop. 

Upon review of the design, it was also concluded that the container itself would be 

holding too much weight.  One of the design specifications required that the containers be 

removed and installed easily to allow for transportation.  However, the design would require that 

each container hold as much as 250 pounds which would be difficult for an operator to manage.  
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The issue that led to the termination of the design was the need to modify the boat hulls 

and create new hull lids.  It was determined that three batteries were needed for each hull, but the 

design required that material be removed from the boat hull to allow for the extended case 

length.  This modification required that new lids be manufactured. Although it was decided that 

the existing lids could be modified with fiberglass material, it was concluded that this design was 

not worth the effort. 

3.2.3 Fiberglass Containers 
With the weight of the batteries in mind, it was decided that containers holding single 

batteries would be easier to manage.  To allow for a watertight seal, the boxes were designed 

with an extended flange that would not only allow for an increased area for the gasket, but would 

also act as a handle to make transportation easier for the user.  The lid for the container would 

simply be cut to the dimensions of the flange so that it could be bolted to the container to 

compress the gasket between the two materials, and create a watertight seal.  With this design in 

hand, Figure 3.6, the discussion then focused on the material that would be best. 

The material for the battery boxes needed to be durable, inexpensive, and able to provide 

uniform surfaces.  After considering multiple materials, it was decided to use fiberglass to create 

the box and flange design.  It was believed that the material would provide the necessary 

strength, surface area, and watertight features. 

The boxes were created by using a cardboard frame with the desired dimensions. The 

cardboard was soaked in fiberglass resin and wrapped with fiberglass cloth.  Multiple layers of 

fiberglass resin and cloth were applied to increase the rigidity of the box as shown in Figure 3.5. 
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Figure 3.5. Fiberglass Construction Process. Cardboard frames were covered in fiberglass coth 

and soaked in resin to create the rigid container. 

Although the fiberglass provided the necessary strength, it did not provide the watertight 

feature. When testing the boxes for leaks, it was discovered that there were a number of voids in 

the material at the various corners and edges. In some cases, there were even leaks in the 

fiberglass mesh material.  To counteract the problem, more fiberglass resin and cloth were added 

to the troubled areas. However, this method of repair was unsuccessful.  

 

Figure 3.6. Fiberglass Resin Jelly Coat. Fiberglass resin jelly was used as another method to try 

and seal the fiberglass boxes. Unfortunately the boxes still had minor leaks. 

Another method that was used to seal the boxes involved the application of fiberglass 

resin jelly to the outer surface of the box to create a watertight shell as shown in Figure 3.6. 

However, although the boxes were completely coated with the material, there still appeared a 
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number of leaks at the corners and edges. This method also created a non-uniform surface with 

inconsistent dimensions.  

3.2.4 Acrylonitrile Butadiene Styrene (ABS) Battery Boxes 
When it was determined that there was no easy and inexpensive way to seal the fiberglass 

boxes, it was decided to use a different material. The team decided to change the material from 

fiberglass to acrylonitrile butadiene styrene (ABS) which would be 3/8 inch thick. Adhering to 

the same dimensions and as the previous design would assure the boxes would fit inside the 

hulls. It was believed that the tighter tolerances of the material would reduce the number of voids 

in the joints and that evaporative adhesives would melt the pieces together, supplying the 

required strength. As a safety precaution, and to ensure a watertight seal, silicone caulking was 

applied to the inner edges. The ABS design provided a method for easily creating a watertight, 

durable, battery container. A battery box can be put together relatively simply in a number of 

hours, compared to days or weeks of hard work required for fiberglass boxes. 

 

Figure 3.7 – Finished Waterproof ABS Battery Boxes. These boxes were assembled using 3/8 

inch thick ABS plastic. The pieces were bonded using a solvent which melts the pieces together, 

creating a strong and watertight seal. 
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Figure 3.8 – ABS battery boxes assembled and in hulls. The boxes are shown here completely 

assembled, sealed, and electrical whips in place while sitting in the hulls of the boat. The loading 

configuration of inserting batteries is similar to loading shells into a shotgun. It is easy to see 

inside the boxes due to the clear lids, which were sealed using lubricated latex. 

The ability to monitor the inside of the battery boxes is an important safety feature. In 

order to be able to visually inspect for water leaks, the lids of the boxes would need to be clear. 

There were to primary options for material to use, either acrylic or polycarbonate, both of which 

are clear. There are a number of pros and cons for each. Acrylic is a very cheap material, and is 

less than half the cost of polycarbonate, but it is very brittle. Acrylic would easily crack under 

the strains from drilling the one inch diameter hole for the power whips, or possibly if the boxes 

were dropped. Polycarbonate is much more durable than acrylic, and deforms plastically, 

however, it is more expensive. Polycarbonate was chosen in the end because of the critical safety 

required in this component, and was worth the extra expense. 
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3.3 Mapping Instrument Subsystem 
The purpose of the mapping subsystem was to produce high quality three-dimensional 

maps of the marine surface below the boat.  There are three main instruments required to make 

these maps. The primary instrument is a DeltaT multibeam sonar from Imagenex (Figure 3.9). 

The multibeam transmits 480 sonar beams in a selectable sweep of 15 to 120 degrees. This 

allows the user to adjust their desired resolution with the changes in depth because, as depth 

increases, resolution decreases. Decreasing the transmitting angle can compensate for increased 

depth to maintain resolution.  

   

Figure 3.9 – Imagenex Multibeam Sonar. This multibeam unit is the primary instrument used to 

make maps. It emits 480 (300 Khz) sonar beams at an adjustable angle of up to 120 degrees. Left 

image is the manufacturer’s image, and right image shows how it is mounted inside the hull.[9] 

As previously mentioned, pitch and roll of the boat dramatically affect the quality of the 

maps produced. These disturbances can be accounted for in post processing if the boat attitude 

data can be recorded synchronously with the multibeam data. A Doppler velocity log (DVL) can 

provide highly accurate velocity readings by exploiting the Doppler effect and differential 

signaling. A Teledyne Instruments Workhorse DVL (Figure 3.10) was provided by MBARI and 

has an integrated attitude, heading, and reference system (AHRS) which gives the heading, pitch, 

and roll information to correct the maps. One of the project goals was also to produce maps 
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which were geo-referenced and stitched together. To gather the position data, a Garmin global 

positioning system (GPS) is used.  

 

Figure 3.10 – Teledyne RDI Workhorse Doppler Velocity Log (DVL).  This instrument uses 

sonar and the Doppler effect in order to provide high resolution velocity readings. It also has a 

high quality integrated attitude, heading, and reference system to provide heading, pitch, and roll 

data as well. 

3.4 Data Logging System 
The data logging system on the SWATH boat is responsible for collecting the data from 

the multibeam, DVL, and GPS. The data logging system is comprised of a laptop computer 

mounted inside a waterproof housing on the rear of the deck of the SWATH boat (Figure 3.11). 

It interfaces to the various instruments using serial communications, with the exception of th

multibeam, which uses an Ethernet protocol. The serial instruments are connected to the laptop 

using a USB to Serial port adapter with multiple ports. A wireless router is connected to the 

laptop and multibeam, which allows for a remote connection that can be used to monitor the 

system. 

e 
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Figure 3.11 – Waterproof Laptop Enclosure.  This Pelican case houses the laptop and prevents 

water from getting in. To remove some of the heat created by the laptop, the bottom of the box 

was replaced with an aluminum plae. 

There are a number of important considerations that need to be taken into account when 

using a portable computer in a marine environment. Moisture and humidity can cause damage, 

such as corrosion and short circuits to important components such as the hard drive. To prevent 

this, the laptop was placed in a waterproof Pelican 1500 series case which was sealed and vented 

with a pressure relief valve. However, the Pelican case is made out of plastic which insulates the 

laptop and does not allow the large amount of heat generated by the laptop to escape. To 

determine if it was necessary to add additional cooling systems, a test was performed where a 

thermocouple was place within the case while the laptop was running to find the increase in 

temperature after a number of ours of operation. Through the test, it was concluded that the 

laptop would reach temperatures up to 112 degrees Fahrenheit, which would be too high for 

proper laptop usage. To remedy this situation, the bottom of the case was replaced with an 

aluminum plate to act as a heat sink. The plate was held into place using a two-part adhesive and 

sealed using silicone caulking. In conjunction with the CPU cooling fans, which blow directly 

onto the aluminum plate, the operating temperature was lowered significantly.  During in-water 

testing, the laptop was able to run for a number of hours without overheating. 
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3.5 Autonomous Control System 
One of the most crucial design requirements for the boat was autonomous control. During 

testing, it was determined that it was too difficult to drive the boat in a continuous straight line. 

The process of trying to accomplish this for prolonged periods of time would prove tiring and 

monotonous. There are two primary different types of navigational control. Waypoint control 

involves a series of points along which the path of travel between them is not much of a concern. 

Trajectory control has a series of desired points as well, but the path between them is also 

defined. As a result trajectory control was chosen as the autonomous navigation method for the 

SWATH boat since straight paths are more desirable for quality maps. 

 

 

Figure 3.12 – SWATH boat state-space system model. These equations represent the system 

dynamics of the SWATH boat. The inputs are the port and starboard thruster force, and the 

outputs are forward velocity and heading. 

Before the trajectory controller could be designed and tested, a mathematical model of 

the SWATH boat needed to be created using Simulink. Since viscous fluid drag is nonlinear, a 

linear fit would be used for drag. This is because nonlinear equations used in control systems are 

very complex, and would not provide a significant increase in precision to justify the complexity. 

The inputs to the transfer function are the force produced by the starboard and port thruster. 

From the inputs, two outputs are derived, consisting of velocity and heading. The velocity could 
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be combined with the sine and cosine of the heading and integrated to produce the X and Y 

position of the boat. A multiple input multiple output (MIMO) state space model would correctly 

capture the relationship between changing the forward velocity and turning rate of the boat.  

 

Figure 3.13 - Trajectory Control Concept Diagram. It is desired that the boat follow a line path 

between points 1 and 2. Due to disturbances such as currents and wind, open loop control will not 

suffice. Therefore cross track error and in track error are used for closed loop control. 

The trajectory controller implemented is designed to follow a straight line in between 

points, with a certain amount of time specified to travel the distance. Using linear interpolation 

between points 1 and 2, the desired XY location as a function of time can be found. The shortest 

distance from the boat, point B, to the trajectory line between points 1 and 2, is known as the 

cross track error (red line in Figure 3.13). The length of this line represents how far off the 

desired track the boat is. This line should meet the desired trajectory at a 90 degree angle. The 
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perpendicular distance from the cross track error to the desired point in time along the trajectory, 

XYdes, is known as the in track error (yellow line in Figure 3.13). It represents the distance 

along the trajectory in which the boat is either ahead or behind. 

 

 

Figure 3.14 – Trajectory Controller Simu-link model. Using the system dynamics of the boat, a 

model in simu-link was able to be developed in order to test functionality of trajectory control. In 

the actual system, the boat model would be replaced with communications to the physical boat. 

The implemented trajectory controller requires an input of a list of XY coordinate points, 

and the amount of time allotted for travel in between them. The path between the points is a 

linear interpolation as a function of time. There are four sets of coordinates used in the 

controller: initial position (Xi, Yi), final position (Xf, Yf), current desired position in time (Xt, 

Yt), and current position and heading of the boat (Xb, Yb, !b). The positive Y axis is defined as 

zero degrees in order to correlate with north heading. The desired heading, !d, is then defined as 

the angle between the positive Y axis, and the line through points (Xi, Yi) and (Xf, Yf). The 

desired velocity is calculated as the distance between points (Xi,Yi) and (Xf, Yf) divided by the 

desired time. In an ideal world, cross track error and in track errors would always be zero. The 
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real world system contains disturbances and transients, therefore, any errors such as in track and 

cross track should be controlled and minimized. One method of achieving this is to use 

proportional linear controllers which will correct the desired heading and velocity in order to 

minimize tracking errors. This can be done by calculating the in track error, multiplying it by a 

gain, and adding it to the desired velocity. This will cause the boat to speed up when it is behind, 

and slow down when it is ahead. Once the cross track error is calculated it will be multiplied by a 

gain, and added to the desired heading. This will cause the boat to take an intersecting path to the 

desired trajectory, rather than run parallel to it. Once this was done, errors are controlled and 

minimized, and the boat will stay its course on the trajectory. Simulation results of the trajectory 

controller and boat model are shown in Figure 3.15. 

 

Figure 3.15 – SWATH Boat Model and Trajectory Controller Simulation. The red line 

represents the desired trajectory along five coordinate paths, and the green line shows the actual 
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trajectory. The boat starts at standstill facing north, and initially overshoots in turning in order to 

minimize the cross track error. 

 

3.6 Ballasting System 
When launching the SWATH boat, one of the tasks which consumed the largest amount 

of time is adjusting the height of the boat’s deck, also known as freeboard, and leveling the boat 

in the water. Initially, this was accomplished by adding lead weights into the corners of the boat.  

However, the payload of the boat was constantly being adjusted, and as a result the lead weight 

distribution needed to be continuously changed, consuming valuable test time.  A ballasting 

system was devised which would allow the boat to be adjusted quickly with each deployment, 

and minimize the amount of time spent leveling the boat. The system was developed to allow the 

boat to be manually adjusted in water for each deployment. Eventually this task could be 

automated. The system consisted of four ABS plastic boxes with about 0.7 cubic feet of available 

displacement. This gave each ballast approximately 45 pounds of water displacement with a 

maximum of 180 pounds overall. One of these tanks was mounted in each of the four corners of 

the hulls. 
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Figure 3.16 – Ballast System Diagram. The ballast system works by filling the ballast tanks with 

compressed air to displace water and increase lift, or releasing air to add water and decrease lift. 

A portable DC air compressor was modified and used to pump air into the four ballasts. 

Two tubes, one eighth inch inside diameter, were run to each ballasting box. One tube was 

responsible for letting air into the system, and the other was responsible for releasing air.  This 

process was accomplished using pneumatic 12 volt solenoids to actuate the air distribution 

process where a total of eight solenoids had to be used. Letting air into the ballasts would 

displace water and increase floatation, while releasing air would decrease flotation. 

The solenoids and air compressor were all mounted in a ventilated case that was mounted 

on the top deck of the boat.  The case was made splash proof, but not completely watertight.  It 

was decided that the added cost of providing a watertight box was not necessary since the box 

would ideally never be completely submerged. However, when the boat is embarked on missions 

involving large waves, it would be necessary to use watertight housings with venting snorkels.  
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4 System Integration, Test, and Results 
In comparison with other autonomous robotic platforms, a characterization of the 

performance parameters of the SWATH boat needed to be determined. This analysis allows the 

strengths and weaknesses to be determined, and points out areas that need improvement. The 

following parameters were desired to be quantified throughout numerous tests: 

Damping factor of boat
Battery box seal rating
battery life  

Table 4-1 – Performace Parameters to be evaluated. Through the quantification of these 

parameters more the boat can be improved. 

4.1 Expirimental Protocol 

4.1.1 Evaluation 
Damping factor of boat: 

The damping factor is used to make an accurate model to perform simulations of the boat 

in software such as Matlab and/or Simulink. This will assist in designing and prototyping a 

trajectory controller for autonomous navigation. A Related equation is the standard drag 

equation, which will need to be linearized in order to be used in a linear control system. 

Battery Box Seal Test: 

The battery box seals need to be tested for leaks to verify their safety and determine their 

performance characteristics. IP-68 is a standard rating which the boxes should, at minimum, 

satisfy. This means that they should be able to surpass the minimum IP-67 specification, which is 

to be able to be submerged in one meter of water for one half hour. IP-68 is a specification for a 

hermetically sealed enclosure, where the manufacturer can specify the depth and length of 

submersion. The goal for our battery boxes is to withstand 72 hours at 1 meter depth in water 

without leaks. 
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Battery Life Test: 

It was determined that the power system should maintain continuous power for a duration 

of eight hours.  Through the use of a power budget, it was concluded that a total of eight batteries 

would supply the desired power.   

4.1.2 Plan 
Damping Factor Evaluation: 

In order to determine the forward velocity damping factor of the boat, velocity data from 

the boat during deployment will be recorded.  To determine the free response of the velocity of 

the system, the boat will need to be taken up to full speed, at which point the input power will be 

stopped. Two trials will be sufficient.  This data will be recorded from the Doppler Velocity Log, 

but will require custom software to properly record the data. The response should look like a first 

order system. This should require 1 person-hour to perform the test, and 2 to 3 person-hours to 

produce results from the data. 

Battery Box Seal Test: 

In order to test the rating of the boxes, they will be assembled and filled with water to 

simulate a depth close to one meter for an initial leak test. They will be left for 72 hours where 

successful completion of the test will be determined by a completely leak-proof environment. 

The battery boxes will then be drained, filled with their respective batteries, and tested on the 

SWATH boat during a 6 hour deployment, continually checking for water inside the containers 

for safety reasons. 

Battery Life Test: 

To determine the actual duration of the system, the initial voltage output of the batteries 

will be recorded and compared to a voltage obtained after a set amount of time.  With the decay 
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of the battery voltage, it will be determined how much longer the boat will be able to maintain 

the battery discharge using a linear fit. 

4.2 Stevens Creek Reservoir Testing 
Stevens Creek reservoir, located in Santa Clara County, California, was used as a testing 

location for the SWATH boat to determine any complications in the components. The reservoir 

was used due to its proximity to the SWATH boat development location, its boat ramp access, 

and calm water features. 

4.2.1 Stevens Creek Reservoir Test 1: April 10, 2008 
The initial test was performed to determine any problems with the motor controls and 

newly installed hardware. The deployment served as a means of pointing out the many initial 

problems with the system. Also, since the fiberglass battery boxes were unable to be sealed, and 

the ABS boxes had not been constructed yet, makeshift battery enclosures were made out of 

buckets sealed with a large amount of silicone. 

The first problem that was addressed was the inability to acquire a response from the 

DVL. Since it was the first in-water testing for the instrument, it was uncertain whether the issue 

was a result of improper installation or the actual instrument itself. Although it was never 

determined what the cause of the problem was, it was resolved by performing a full power cycle 

for the instrument. 

The second problem that occurred during the initial test involved the laptop power 

adapter voltage settings. The voltage selection switch was slightly offset from the 19 volt setting 

and did not provide the proper voltage required to power the laptop for the duration of the test. 

The resolution for the power adapter problem was to permanently adhere the switch to the proper 

setting. 
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The third problem occurred with the boat's wireless video system. The equipment was 

unable to receive a signal with the given receiver and transceiver. It was determined that there 

were a number of issues with the wiring and connections going into the television. 

During the test, it was determined that the motor controls using the basicX boards were 

working properly using manual joystick control. It was concluded that the system would run 

properly using this method and that the software had been implemented properly. 

4.2.2 Stevens Creek Reservoir Test 2: May 1, 2008 
The second Stevens Creek Reservoir test brought success in many respects. The DVL and 

other scientific instruments that had not been working during the first deployment were 

functioning properly. Also, the ABS battery boxes had been finished and were tested during this 

deployment. They were verified to be leak proof, and this was a large accomplishment.  The 

wireless video was able to be transmitted and recorded via a USB - Video adapter on a laptop. 

The on board data logging on the laptop also functioned as planned. Also, the trajectory 

controller was tested successfully but the results were inconclusive due to computer failure. The 

greatest success was attributed to the ability to collect data for the map generation.  

4.3 Lake Tahoe Testing  
During the third week of May, the SWATH boat was disassembled and taken to Lake 

Tahoe for a multi-day mapping deployment and testing. The boat was disassembled by removing 

all the instruments and electronics, which were hauled inside the vehicle to minimize road 

vibrations and any damage, as well as reduce weight on the trailer. Once the boat reached 

northern Lake Tahoe, it was reassembled. During the first day of testing, the boat was launched 

near Kings Beach. The laptop control system was unable to communicate with the on-board 

BasicX boards, and it was discovered that some sort of electrical surge had damaged them. 
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Therefore, the boat was unable to be maneuvered under its own power. The ballast system had 

been newly installed at this point, so the backup plan was to test the ballasts. It was discovered 

that there were some leaks in the threads of the mounting bolts. After additional testing, the leaks 

were sealed using silicone caulking left to dry overnight. The next day, some new BasicX boards 

were acquired, but communication with them was still unable to be acquired. 

The primary objective at Lake Tahoe was to acquire a map using logged data from the 

onboard instruments, which were all functional. Therefore if the boat could not be powered on its 

own, it could still be towed by another vessel. The SWATH boat was launched from the U.S. 

Coast Guard boat ramp and towed with a kayak being driven by one of the team members with 

the instruments running and logging data to generate a map. The ballasts leaks had also been 

sealed and they functioned to increase and decrease the height of the boat deck above water.  

4.4 Test Results 
Throughout the three separate deployments of the SWATH boat, sufficient data was 

collected from its instruments to generate two different maps. During the second Stevens Creek 

Reservoir deployment, while testing the driving capabilities via a joystick, a basic map generated 

that shows the varying depths of water the boat traveled over. 
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Figure 4.1 - Bathymetry map generated from Stevens Creek Reservoir. The black line is the 

path traveled by the boat which is non-geometrical since it was under manual control. 

During the Lake Tahoe deployment, the approximate damping factors of the system were 

unable to be determined due to a failure in the electronic system that prevented the boat from 

communicating and therefore moving under its own power. This also eliminated the ability to 

test the battery life, since the motor batteries were not drained. However, the seals and 

waterproof endurance of the battery containers were able to be evaluated.  During the Lake 

Tahoe deployment, the boat was in the water, and batteries submerged for more than 8 hours, 

and none leaked. For the last deployment of the SWATH boat in Lake Tahoe it was towed 

around using a powered Kayak in a pattern as close to ideal as conditions and steering accuracy 

would permit. A high quality map of the surface of Lake Tahoe was generated from this test run, 

and is the most significant data to date from the SWATH boat. 
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Figure 4.2- SWATH boat in Lake Tahoe. The SWATH boat had to be towed by a powered 

kayak on Lake Tahoe in order to collect data due to an electronics failure. 

 

Figure 4.3 – Stevens Creek Reservoir bathymetry map. Map generated from merged 

multibeam, gps, and DVL data in Stevens Creek Reservoir. 



 
 

 

43 

 

Figure 4.4- Bathymetry Map of Lake Tahoe. Map generated using MB-system from merged 

multibeam, GPS, and DVL data in Lake Tahoe south of Dollar Point. 

 

Figure 4.5 - Lake Tahoe Bathymetry Data. The immense amount of detail that can be 

reproduced by the multibeam sonar instrument is shown here. This is a 3D gradient of a small 

section of the surface of Lake Tahoe. 
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Figure 4.6 - SWATH boat trajectory controller simulation results. The boat starts at the initial 

(zero) location and initially overshoots, then returns back on track for each change in heading. The 

red line is desired position and the green line is the actual trajectory of the boat. 
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5 Costing Analysis 
The SWATH project budget was given a boost at the beginning of the year by a $1,000 

grant given by the dean’s office. The SWATH project budget at the beginning of the year was 

estimated to be between two and three thousand dollars. The final SWATH budget is a little over 

this range, but was inflated because of the additional costs of abandoning the fiberglass battery 

boxes and money spent on them in favor of ABS plastic boxes. The polycarbonate lids were able 

to be reused, but the cost of the ABS plastic for all six battery boxes was around an additional 

$400 dollars. The ballast system was not in the initial requirements for the system either, which 

cost approximately another $400 for ABS box materials, compressor, actuators, enclosure, and 

tubing. 
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6 Patent Search 

6.1 Battery Container and Classification: 
The main components that were designed and developed by the group were the watertight 

battery containers, which delivered power to the various subsystems of the boat. At first, the 

group had decided to purchase watertight containers that would fit the battery dimensions, and 

that could be modified to allow for the addition of cables and Dorn connectors. However, the 

attempts to find such an existing product were unsuccessful. 

As a result of being unable to find existing products, it was decided that it would be more 

cost effective to build containers that offered the desired characteristics. The design was to allow 

for watertight features with a modified cubic shape that would allow for easy transportation. The 

difference in the design from already existent products involved the ability to completely 

submerge the container for a prolonged period of time. Most marine battery casings that were 

encountered only featured splash-proof seals and did not allow for complete submersion. 

Designs that did allow for submersion did not provide dimensions for small scale applications, or 

would fit inside the hulls. 

 

Figure 6.1 – SWATH waterproof battery boxes. The final design is made out of ABS plastic 

and utilizes a clear lid. 
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As shown in Figure 6.1, the design utilizes the flange feature that created the watertight 

seal as handles to aid in transportation. The size of the container allows for the use of a single 

battery with the common dimensions. The clear polycarbonate lid allows for visual inspection of 

the connections and seals, and features durable material characteristics, which make for a strong 

and rigid container. Although this design is novel in its application, there are existing patents that 

try to accomplish the same goals. 

The design itself satisfies a number of different US classifications that deal mainly with 

the storage of battery cells. Classification 429/100 describes the most basic purpose of the design 

by describing it as a support container for various cells. US classification 206/811 describes the 

ability to be waterproof and 429/6 makes note of the ability for the container to equalize pressure 

when submerged. Finally classification 180/220 describes the use as being for electric motors. 

However, there are current patents that deal with a combination of these various classifications. 

6.2 Current Patents 

 

Figure 6.2 – US Patent 3829332. This patent demonstrates another approach to waterproof 

battery enclosures. 

Patent number 3829332 (Figure 6.2) accomplishes the same tasks as the SWATH boat's 

containment system. It is described as being used to power appliances in marine or outdoor 
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environments and features watertight seals and connectors. However, the cost of such a 

containment system seems to be far too high for applications such as the SWATH boat. The 

designer specifies that the patent be machined out of aluminum to give the cylindrical 

appearance and that the seals be created by threading the metal lids and body. The design also 

calls for the use of numerous stainless steel parts, which would add significant costs if multiple 

containers needed to be purchased. 

 

Figure 6.3 – US Patent 4225655. This patent uses cavities of water to prevent from filling past a 

certain point. 

Patent number 4225655, (Figure 6.3) is to be used in a marine environment, but its main 

purpose is to apply watertight features during an emergency situation that may plague a boat 

such as excessive rain, or high waves that could cause flooding in the boat's storage 

compartment. The difference in this design is that it does not use bolts or screws to adhere one 

surface to another. The seal is created by allowing water to fill certain cavities that prevents the 

container from being filled past a certain point. However, in the instance of the SWATH boat, 

this design would not be applicable. Without devices to seal the lids together, there exists the risk 

of parts being moved into undesired positions, which could lead to the damaging of the battery. 
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Figure 6.4 – US Patent 4160857. This waterproof battery enclosure uses a latch to apply pressure 

to create a seal. 

The design featured in Figure 6.4 for patent number 4160857 is simply another method in 

which a watertight battery housing was created. It offers the same features as previous designs, 

but boasts the ability to have easy access to the inner container. Rather then using a series of 

bolts to create the seal, a latching mechanism is used to apply the proper amount of pressure. 

 

Figure 6.5 – US Patent 5513721. This patent is designed for electric vehicles, and uses water-

filled channels to prevent excess amounts of water from coming in. 

Patent 5513721 (Figure 6.5) deals mainly with the use of the container and battery power. 

It is designed to be used specifically with electric vehicles, namely electric scooters.  However, 

although it is not being made for a marine vehicle, the container still requires some of the same 

feature such as the ability to withstand excessive amounts of water. The seal is formed in a 

similar manner as patent 4225655, where a series of channels are allowed to fill with water to 
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prevent excess flow within the main compartment. However, once again, this method does not 

appear to provide a reliable seal during harsher conditions. 

Although there does already exist several designs that are similar to the SWATH boat's 

battery containers, none of them appear to have all the same capabilities. What makes the boat's 

system unique is the ability to incorporate all the features in one design. Based on this 

conclusion, it is believed that the battery containment system is a patentable design. It claims to 

be an affordable, durable watertight method for containing a single battery in a marine 

environment. 
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7 Engineering Standards and Realistic Constraints 

7.1 Economic 
If the SWATH Autonomous Mapping Boat were to be produced, it would have an impact 

on the economy. The retail price of an Autonomous SWATH Mapping Boat would be well over 

$100,000, therefore contributing to the United States gross domestic product. There are also 

costs associated with maintaining the boat, and a staff of at least two people are required to 

manage the deployment, supervise operation, and recover the boat. During a one month mapping 

deployment, consisting of twenty days, the costs of operating the SWATH autonomous boat 

would be approximately $15,900. This figure is based on a full time staff of two people, 

estimated at $30 per hour for wages and eight hours of deployment per day, totaling $9,600 in 

wages. Since deployments typically take place in remote locations, there would likely be an 

additional per diem cost to cover lodging and food for the staff, averaged approximately $120 

per day per person, or $4,800. Maintenance costs should cover occurrences such as failed 

batteries, electricity, and replacement hardware, and be $1,000 or less. Miscellaneous expenses 

for things such as boat launch fees and short range transportation should total less than $500. 

Therefore the total cost for a twenty day mapping deployment would be approximately $15,900, 

an average of $795 per day operating cost. 

The cost of operating a traditional research vessel equipped with a multibeam sonar 

would be much greater. The rental of a thirty foot research vessel at Lake Tahoe costs more than 

$900 per eight hour day, and the fees to hire an approved captain are approximately $200. There 

would also have to be at least one qualified person in charge of operating the multibeam sonar 

and other instruments at $30 per hour, and a deckhand hired to assist with the boat operations at 

$80 per day. The total approximate costs of renting a research vessel and staffing it in Lake 
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Tahoe for 20 days is $28,400, or averages $1420 per day. This is a significantly higher cost (79% 

higher) compared to deploying the autonomous SWATH boat. 

7.2 Environmental Impact 
The environment is a limited resource and must be conserved as a whole to the best of 

our abilities using the tools we have. The ozone is heavily effected by carbon emissions, which 

can cause global warming and radiation holes. A major design decision was to use electric 

thrusters powered by batteries instead of a gas outboard motor or portable generator. In 2006, 23 

percent of the United States electric power is supplied by natural gas, which is one of the most 

efficient methods of generation[2]. There are also more environmentally friendly methods of 

generation as well, such as hydro-power. The SWATH boat's onboard batteries, which hold 

enough power for an eight hour deployment, contain the equivalent of 4.9 Kilowatt-hours of 

power. A natural gas plant produces approximately two pounds of CO2 to generate that much 

electricity. A similar 5 horsepower motor consumes one half gallon of gasoline per hour, which 

emits 19.56 pounds of CO2. Therefore an eight hour deployment on gasoline would produce 80 

pounds of CO2, about 40 times more than electric thrusters. With respect to the environment, it 

was an obvious choice to use electric batteries. 

A more direct danger the SWATH boat poses to the environment is the large batteries 

submerged inside the hulls of the vessel. These batteries are sealed absorbed glass mat (AGM) 

cells, and should not leak acid, but extra precautions must always be taken. The batteries are 

sealed inside waterproof enclosures. If water were to leak inside the enclosures, and salt water 

amplifies this effect, there is the possibility of shorting the battery terminals and causing an 

explosion, releasing sulfuric acid and other contaminates into the water, posing an environmental 

threat. Precautions have been taken to minimize the probability that this should happen. 
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Overshadowing the negative environmental facts are the positive contributions data from 

successful missions will provide. The observation of marine habitats will give biologists and 

geologists the ability to distinguish the differences between thriving and struggling marine 

communities. Using the bathymetry data collected, geologists will be able to study the 

movements of the earth and formations resulting from volcanic activity and other anomalies. 

7.3 Safety 
Safety is a key component to the success of any mission. The SWATH boat contains 

many safety hazards such as powerful propellers and motors, batteries that can supply high 

amounts of current, and many moving parts. The boat is also deployed in marine environment 

which poses risks such as drowning, hypothermia, and electrical shock. When the boat is 

eventually deployed in Kisitsna Bay, Alaska, the water temperature averages around 45 degrees 

in the summer, and can actually drop below freezing in the winter. In water temperatures 

between 32 to 45 degrees Fahrenheit, the average person is only expected to survive between 30 

to 90 minutes, with exhaustion setting in after 15. If an operator were to slip or fall into the water 

it could be a life threatening situation. This means that is important, while deploying in cold 

water regions, to have life preservation equipment and ocean survival suits available. 

water temperature 
(Fahrenheit)

Exhaustion of 
Unconsciousness

Expected Survival 
Time

70-80 3-12 hours 3 hours - indefinitely
60-70 2-7 hours 2-40 hours
50-60 1-2 hours 1-6 hours
40-50 30-60 minutes 1-3 hours
32.5-40 15-30 minutes 30-90 minutes
<32 < 15 minutes under 15 to 45 minutes  

Table 7-1 – Expected Water Survival Times. United States Search and Rescue Task Force 

(USSARTF) estimated human survival times based on water temperatures.[7] 

The materials used in the boat are also susceptible to failure. During an analysis of the 

SWATH boat while being hoisted by a crane, it was discovered that the vertical struts had a very 
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low safety factor. The honeycomb aluminum material in the vertical struts is very lightweight 

and strong in certain loading configurations, but not as strong in its bending stress condition. 

Aluminum does not have an endurance limit to allow for design of infinite life. Therefore the 

aluminum will continually degrade, and using a small safety factor is a poor design decision. A 

decision was made that the boat will no longer be hoisted out of the water by a crane, or have to 

be hoisted very slowly to allow all water to drain out if absolutely necessary. 

7.4 Usability 
When a customer or consumer purchases a product, he has a number of expectations. 

According to the engineering handbook the product should be easy to learn and remember, 

effective and efficient, relatively free of failures, satisfying to use, and sustainable. While the 

SWATH boat is not a completely integrated and finished product, it meets many of these criteria, 

and future plans would include provisions to meet all of them. The SWATH boat's goal is to be 

easy to operate since it must be operated by technicians with diverse backgrounds which may not 

include engineering or technical degrees. The SWATH boat control system will be integrated 

into an easy to use graphical user interface to accomplish route planning and monitoring. This 

program will tie in with the autonomous functionality of the boat to accomplish the usability 

goals. 
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Figure 7.1- Google Maps Interface. Using C# hooks into JavaScript, Google Maps was able to 

be utilized for real time monitoring and way-point routing for the autonomous SWATH boat. The 

red icon represents the current position of the boat, and light red teardrops are way-points. The 

way-points can be nicknamed, drag-and-dropped, and rearranged in real time. 

7.5 Sustainability 
Sustainability is an important factor with the SWATH boat as with any other research 

vessel. By using electric thrusters, the boat only creates about two pounds of carbon emissions, 

compared to the equivalent gas motor carbon emissions of 80 pounds, for an eight hour 

deployment. There are new and emerging technologies which will allow the SWATH boat to 

become more sustainable. Solar cells would be a promising way to power the boat entirely from 

the energy of the sun. The solar panels on the market today achieve approximately 80 watts peak  

power per square meter, but this is always increasing as time goes on. The deck of the SWATH 

boat only has approximately two square meters of area, and therefore assuming eight hours of 
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maximum sun power, could only provide 1280 watts of power. This is about one quarter of the 

power required by the boat. Solar power would be a great addition to the power system, but 

currently does not provide enough of it to completely satisfy the needs of the boat. 

 

Figure 7.2-Solar Panel. The Kyocera KC85TS solar electric panel produces 87 peak watts and 

covers an area of .7 meters.[8] 
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8 Summary and Conclusions 

8.1 Summary 
During the course of this project many goals were met and milestones completed. The 

primary goal of the project was to create an autonomous research platform capable of high 

resolution bathymetry. A number of new scientific instruments were integrated into the 

autonomous SWATH mapping surface vessel, including a multibeam sonar for three dimensional 

mapping, and a Doppler Velocity Log (DVL) for high resolution velocity, heading, pitch, and 

roll tracking. A laptop was integrated on-board the vessel inside a waterproof housing in order to 

log the data from these instruments, as well as from a global positioning system (GPS). Using 

this collected data, high quality sub surface maps of portions of Stevens Creek Reservoir and 

Lake Tahoe were produced. In order to provide power to the instruments and motors of the 

SWATH boat, and maintain stability, new waterproof battery boxes were designed, built, and 

tested. To connect the power from the batteries to the instruments, new cabling was fashioned, as 

well as a power distribution box to provide modularity to the system. To control the path of the 

boat through the water autonomously, a multiple input multiple output (MIMO) state space 

trajectory controller was also designed and implemented.  

There were four test deployments with the SWATH boat. Two deployments were in 

Steven's Creek Reservoir, and the other two were in Lake Tahoe. Bathymetric maps were 

generated from both of these locations. Much was learned through these tests about the 

robustness of the boat, through which many issues arose and were resolved. Maps were 

generated from the data collected in both Stevens Creek Reservoir and Lake Tahoe. 

The end result of this project is an autonomous research surface vehicle which is capable 

of producing high quality three dimensional bathymetric maps. It can follow a path 

autonomously through a defined set of points using a developed trajectory controller and log data 



 
 

 

58 

from its instruments in order to produce these maps. It contains a modular power system 

allowing it to be easily reconfigurable, and a pneumatic ballasting system allows quick 

deployment. Although a fully integrated field test was not completed, all key functionality was 

successfully demonstrated on an individual basis during field tests. 

8.2 Future Work  
Although much was accomplished throughout the course of this project, there are always 

new opportunities to expand and improve the current functionality. The durability and robustness 

of the boat and its subsystems needs to be further tested and improved in order to provide a 

greater chance of success in real world missions. The trajectory controller developed for 

autonomous control of the boat has also received very little testing outside of the simulation 

environment, so that it has yet to be proved reliable. The batteries currently being used inside the 

hulls were handed down from MBARI, and during nearly every deployment, another battery 

seems to fail. Therefore, for safety and reliability reasons, it would be beneficial to replace the 

current AGM batteries with new ones. While launching the boat for deployment, the current 

height of the boat on its trailer is too high. It currently requires backing the vehicle into the water 

on most boat ramps, then the operators have to get into the water to load and unload the boat to 

and from the trailer. Therefore, the trailer needs to be modified so that it sits in a lower position 

on the trailer. Finally, the boat needs to be extensively tested in real environments and situations 

in order to prove its reliability, and to work out any additional bugs or flaws. 

8.3 Lessons Learned 
Many valuable lessons were learned during the duration of the project. The boat is 

comprised of various systems that span all of the engineering disciplines. There were many 

challenges that arose from having only two mechanical engineers on an inter-disciplinary 
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engineering project. There were many instances where we found ourselves consulting with 

computer engineers and electrical engineers, who were helpful in interfacing and resolving issues 

with the controller boards. 

The submerged waterproof battery boxes presented many technical challenges and 

scheduling delays. The initial design of the boxes called for them to be made out of fiberglass 

resin, so that they would be one solid piece. It was a costly mistake to assume that they would 

work, be quick to make, and would easily seal. The opposite was true, and a lot of time and 

money would have been saved if only one box was prototyped and tested, instead of making all 

six at once. The boxes either contained microscopic leaks in the corners, or their flanges were 

never able to be perfectly sealed. The boxes were never able to be completely sealed even after 

adding endless layers of additional fiberglass and bondo. They eventually had to be abandoned at 

the last minute in favor of ABS boxes, which were comparable in cost, but were able to be 

completely assembled in a matter of hours instead of weeks. The lesson learned was the 

importance and benefits of prototyping in a time-sensitive environment. 

The Lake Tahoe deployment resulted in a few disappointments and the learning of a few 

lessons as well. There had been some type of electrical surge in the electronics box prior to, or 

during the first deployment, which harmed the sensitive electronic control micro-controllers. 

When going on a deployment, backup copies of sensitive hardware and components should be 

brought along in case of such circumstances. Additional protection for these boards against 

power surges should be implemented as well. 
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Appendix A – Block Diagrams 
 

A-1 System Level Diagram 
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Appendix B – Customer Needs Survey Response 
 

 

B-1 – Response from Geoff Wheat 



Gmail - SWATH boat customer needs http://mail.google.com/mail/?ui=2&ik=63340553bc&view=pt&q=custo...

1 of 2 6/18/2008 7:29 PM

Todd Berk <toddberk@gmail.com>

SWATH boat customer needs
Geoff Wheat <wheat@mbari.org> Fri, Oct 26, 2007 at 9:18 AM
To: Todd Berk <toddberk@gmail.com>

Todd Berk wrote:
The following survey is a customer needs survey for our senior design class. Your input will help us 
prioritize and shape our goals. Please fill out as much as you have time, I know you are very busy, and we 
appreciate your time. Please reply by Thursday morning.

What would be your main purpose for using the boat and / or its multi-beam sonar?
The boat represents a prototype that I would use to test a variety of sampling types and procedures. The 
multi-beam represents on type of instrument and one mode of operation. I would like to use the boat and 
multi-beam to map shallow waters where traditional methods are not possible.

How important is accuracy when gathering multi-beam data?
Accuracy is important to get the best possible product.

What is the desired battery life and operating range you would like to see?
Ideally the battery life would exceed 12 hours with an operating range of 20 miles

What water conditions would you expect the boat to operate in?
In a variety of sea states. Ideally in all weather but the boat must be able to withstand a squall (30 knot winds) 
as these sometimes appear without much notice and before the boat can be retrieved from a remote location.

Are there any additional instruments / sensors you would like to see implemented, and why?
I would like to see a suite of weather instruments (to discern changes in weather patterns that might affect 
operations), a camera (to provide a visual assessment of surface objects (nets, boats) that may result in 
problems for the boat), a bottom tracking system (for the best possible (and redundant with GPS) navigation), 
roll etc sensors to get the best multi-beam and assess sea conditions, and several in hull instruments for 
continuous oceanographic characterization (an ADCP for measuring currents and a CTD with a fluorometer 
and oxygen sensor. This package could be identical to the one that will be used with the AUV).

What is your preferred method of control in manual operation? (i.e. joystick, game controller, keyboard...)
game controller

How would you prefer to place the boat and remove it from the water?

From a trailer so that ere are more options available
Is Internet access available where you would deploy the boat?

With the certain communication packages there is internet every where
What is the skill level of the normal operator?

Not skilled

Is there anything you like about the existing boat?
It floats and moves, but I am looking forward to seeing it in the water with the new thrusters and cables.

What do you dislike about the existing boat? 
It is not ready for prime time, I wonder about its stability in rough water, and I am concerned about its general 
performance..
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Todd Berk <toddberk@gmail.com>

SWATH boat customer needs
Kirkwood, Bill <kiwi@mbari.org> Wed, Oct 24, 2007 at 4:11 PM
To: Todd Berk <toddberk@gmail.com>, "Wheat, Geoff" <wheat@mbari.org>
Cc: Chris Kitts <ckitts@engr.scu.edu>

Well let’s see if this helps out…

 

From: Todd Berk [mailto:toddberk@gmail.com] 
Sent: Tuesday, October 23, 2007 11:27 PM
To: Kirkwood, Bill; Wheat, Geoff
Subject: SWATH boat customer needs

 

The following survey is a customer needs survey for our senior design class. Your input will help us
prioritize and shape our goals. Please fill out as much as you have time, I know you are very busy, and we
appreciate your time. Please reply by Thursday morning.

What would be your main purpose for using the boat and / or its multi-beam sonar?

Gaining an understanding of the topology is the primary purpose of a tool like this. The information can be used
for a host of purposes not the least of which is selecting sites of interest to apply other assets, often more
expensive, with some reasoning versus blindly searching around. The particular multibeam we are working with is
useful for fisheries as one example defining the areas where fish make seek shelter, or where outflows could have
adverse impacts on fish population, erosion issues due to anthropomorphic sources… the list goes on and on.

How important is accuracy when gathering multi-beam data?

That depends on the data output / processing. The simplest answer is the highest resolution and accuracy possible
is always better than lower. The practicality is the methods of taking the data with the available tools should be
traded against the use of the final products and the associated costs. 

What is the desired battery life and operating range you would like to see?

Again, as far as possible with the maximum power is how science answers this type of question. Certainly
mapping several square kilometers over a single “shift” would be a minimum. Assuming an average speed of 1.5
m per second and a swath width (beam coverage) of 10 meters (fairly shallow operation) a 8 hour mission should
yield an approximate area of .5 km2. If we are higher up the coverage is much larger but the resolution changes,
it’s a multi-dimensional issue and depends on the mission, but a 6 to 8 hour endurance running the basic systems
should be our ultimate goal.

What water conditions would you expect the boat to operate in?
For mapping functions I don’t expect things to be to high on the Beaufort scale. Sea State 0 to 1 would be
great. If we use the boat to do other missions like CTD runs, we should be willing to up that to sea state 2
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at least.

Are there any additional instruments / sensors you would like to see implemented, and why?

First and foremost we need to have a small SVT (sound velocity transducer) or a CTD with science grade data
output. This is required in the long haul to correct errors in the maps due to speed of sound in water differences.
We could also use a Doppler velocity logger to correct navigation over time (Kalman filtering type issues) and the
best roll sensor we can afford. These together make for a very solid mapping system and make the maps quality
as well as properly geo-locate the maps… the system is just setup right versus being sub-grade for science
purposes. This isn’t to say that any data isn’t useful, science will take what it does now… but to really be peer
review level in today’s world we’ll be expected to do better.

What is your preferred method of control in manual operation? (i.e. joystick, game controller, keyboard...)

The game controller is fine, a joystick tends to me more intuitive for older guys (like me). Doesn’t really matter
much since this mode is intended to launch and recovery mostly, the autonomous mode working will have users
forgetting about the manual interface as long as it doesn’t fail. Key to the manual interface is it must be reliable as
should the system in general. 

How would you prefer to place the boat and remove it from the water?

I think the best method for launch and recovery would be to do what most private fishing or ski boats do, use a
boat ramp. It makes it flexible, useable at almost any port or marina and doesn’t really impact the ability to launch
from a vessel of opportunity, such as a UNOLS boat. So, for the basic use in Lake Tahoe, the Elkhorn Slough or
SF harbor… I would think a boat trailer to a boat ramp is the best overall method. 

Is Internet access available where you would deploy the boat? 

In today’s world it is likely some internet access is available at a lot of places. However, I wouldn’t make a system
dependant on it. It can be flaky, you might not have control over other traffic or operational issues, plus as the
boat runs in places with obstacles it could create issues we’d rather avoid. I would have internet from the base
station to the boat for our own purposes (wireless modem) but not worry about the internet most people talk about.
The boat should be capable of being on the net so that in the field we have options.

What is the skill level of the normal operator?
Currently we have to use someone who is trained specifically or a technically oriented person who has
“expert knowledge” of the system. Eventually we’d like to put the systems (anything we create) into the
hands of scientist without technical people required on a day to day basis. I think for maintenance and so
forth there are other considerations which weigh-in. Such as how much it costs to make a bullet proof
system versus having an “expert” fix it is a trade study about the best solution for the life of the system.

Is there anything you like about the existing boat?

I like everything about it, others have tried this concept and failed so I’m feeling pretty good about the Sea WASP
as a prototype. I think with careful planning and good decision making we can get some really compelling data out
of the system that would encourage the community to consider further investment.

What do you dislike about the existing boat? 

The only thing I would complain about, if I can call it that, is the overall system stability. I think with a little further
spread on the pontoons and a few changes we could really make it operate in higher “sea state” conditions and do
some really good work. Presently the system is limited to minimal weather which is hard to come by. That said, as
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a prototype built by students on a limited budget in a short amount of time… I’m pretty proud of the effort and
results overall.
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Todd Berk <toddberk@gmail.com>

Autonomous SWATH boat customer needs survey
Gary Greene <greene@mlml.calstate.edu> Sun, Nov 4, 2007 at 4:03 PM
To: Todd Berk <toddberk@gmail.com>

Todd,
        Sorry for the delay in getting back to you. Obviously I am too late for your Thursday last deadline, but I have 
gone ahead and filled out your survey just in case it may help you sometime down the road.
        Cheers, Gary Greene
On Oct 23, 2007, at 11:50 PM, Todd Berk wrote:

Hello Gary, I was a Intern at MBARI over the summer and went on the geology tour with you. I worked on 
an autonomous SWATH multi-beam mapping boat, and am continuing with it as a senior engineering 
project. Attached is an image of the boat, and an image of output from the multi-beam that shows the 
indentation left by the Western Flyer's hulls where it docks. 

The following survey is a customer needs survey for my senior design project at Santa Clara Univeristy. 
Your input will help us prioritize and shape our goals. Please fill out as much as you have time, I know you 
are very busy, and I appreciate your time. Please reply by Thursday morning. If you have any questions, 
don't hesitate to call me at 408-771-3532 or reply. Thank you very much.

What would be your main purpose for using the boat and / or its multi-beam sonar? 

My main purpose of using such a system would be to fill in the so-called "white zone" between deep water 
(~3 m a deeper) and the coastline where it is difficult to obtain multibeam data safely today.

How important is accuracy when gathering multi-beam data?

Accuracy is important especially in navigation as many time repeat surveys are done for time analyses 
purposes and images collected from one survey need to be accurately georeferenced if the analyses are to 
be done. 

What is the desired battery life and operating range you would like to see? 

For me, I would say 6-8 hours would be adequate.

What water conditions would you expect the boat to operate in?

The rougher water conditions, the better, but if the vessel could operate in seas up to 1 m high that would 
work.

Are there any additional instruments / sensors you would like to see implemented, and why? 
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If a sub-bottom profile system could be adapted to the vessel that would be helpful as we could obtain 
seismic reflection data as well as bathymetry and backscatter or side scan sonar data.

What is your preferred method of control in manual operation? (i.e. joystick, game controller, keyboard...)

Probably a joy stick with on screen real-time navigation, sort of like driving a boat with a joy stick.

How would you prefer to place the boat and remove it from the water?

Probably over the side deployment from a mother vessel using a davit or small crane. 

Is Internet access available where you would deploy the boat? 

General not. However, internet might be able to be establish in some places, but generally I would envision 
the use of such vehicles in remote areas but monitored from a mother boat.

What is the skill level of the normal operator?

If real-time multibeam data is to stream from your vessel than you would need someone who understands 
multibeam processing  and navigation.

Is there anything you like about the existing boat?

I like the idea that this vessel is very shallow draft and can get in close to shore in rocky and hazardous areas 
thus filling in gaps that historically have not been possible to fill.

What do you dislike about the existing boat?

I am not sure. It is kinda of ugly, but if it works, what the heck it will be a valuable tool.

<swathmb_harbor1.jpg>
<Multibeam 5.png>



 
 

 

74 

 

 

 

 

 

 

 

 

Appendix C – Timeline 
 



ID Task Name Duration Start Finish

1 Battery Boxes 55 days Mon 12/17/07 Fri 2/29/08
2 Design Battery Boxes 15 days Mon 12/17/07 Fri 1/4/08
3 Machine Battery Boxes 18 days Mon 1/7/08 Wed 1/30/08
4 Order Battery Box Connectors 15 days Mon 1/21/08 Fri 2/8/08
5 Assemble Battery Boxes 10 days Thu 1/31/08 Wed 2/13/08
6 Wire Battery Boxes 7 days Thu 2/14/08 Fri 2/22/08
7 Test Waterproof Bat Boxes 5 days Mon 2/25/08 Fri 2/29/08

17 Batteries 11 days Mon 2/11/08 Mon 2/25/08
18 Select Batteries 3 days Mon 2/11/08 Wed 2/13/08
19 Order Batteries 8 days Thu 2/14/08 Mon 2/25/08
20 Data Logging 30 days Tue 3/4/08 Mon 4/14/08
21 Log Multibeam Data 10 days Tue 3/4/08 Mon 3/17/08
22 Log GPS Data 10 days Tue 3/18/08 Mon 3/31/08
23 Log DVL Data 10 days Tue 4/1/08 Mon 4/14/08
8 DVL Mount 25 days Wed 3/26/08 Tue 4/29/08
9 Design DVL Mount 5 days Wed 3/26/08 Tue 4/1/08

10 Machine DVL Mount 15 days Wed 4/2/08 Tue 4/22/08
11  Assemble DVL Mount 5 days Wed 4/23/08 Tue 4/29/08
28 Modify Motor Cones 6 days Wed 4/2/08 Wed 4/9/08
29 Thesis 48 days? Wed 4/9/08 Fri 6/13/08
30 Table of Contents & Introduction 1 day? Wed 4/9/08 Wed 4/9/08
31 Expirimental Protocol & PDS 1 day? Wed 4/16/08 Wed 4/16/08
32 Senior Design Conference 1 day? Thu 5/8/08 Thu 5/8/08
33 Societal environmental impact report 1 day? Fri 5/16/08 Fri 5/16/08
34 Thesis Draft 1 day? Wed 5/21/08 Wed 5/21/08
35 Patent Search of Business Plan 1 day? Fri 5/30/08 Fri 5/30/08
36 Expirimental Results 1 day? Fri 5/30/08 Fri 5/30/08
37 Open House [Hardware Due] 1 day? Fri 6/6/08 Fri 6/6/08
38 Final Thesis Due 1 day? Fri 6/13/08 Fri 6/13/08
24 In Water Test #1 1 day Tue 4/15/08 Tue 4/15/08
25 In Water Test #2 1 day Tue 4/22/08 Tue 4/22/08
12 Laptop Case 20 days Wed 4/30/08 Tue 5/27/08
13 Order Laptop Case 4 days Wed 4/30/08 Mon 5/5/08
14 Modify Laptop Case for Ventilatoin 8 days Tue 5/6/08 Thu 5/15/08
15 Mount Laptop Case 3 days Fri 5/16/08 Tue 5/20/08
16 Wire Laptop Case 5 days Wed 5/21/08 Tue 5/27/08
27 Senior Design Conference 1 day Thu 5/8/08 Thu 5/8/08
26 Lake Tahoe Deployment 4 days Fri 5/16/08 Wed 5/21/08

F S S M T W T F S S M T W T F S S M T W
Dec 9, '07 Dec 16, '07 Dec 23, '07

Task

Split

Progress

Milestone

Summary

Project Summary

External Tasks

External Milestone

Deadline

Page 1

Project: SWATH_TIMELINE2.mpp
Date: Wed 6/18/08
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Appendix D – Budget 
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Appendix E – Calculations 

E-1 – Power Budget 
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Appendix F – Detail / Assembly Drawings 
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Appendix G – Patent Search 
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Appendix H – Manufacturer Specifications 
 

 

 

 



 
   

  Delta T Profiling 
  445-031 NOVEMER 2004 

Specifications subject to  

 IMAGENEX MODEL 837 “Delta T”  
MULTIBEAM PROFILING SONAR 

 
 
 
APPLICATIONS:    FEATURES: 
 

! ROV, AUV, & UUV         !   Programmable 
! Offshore Oil & Gas         !   High speed 
! Sunken Timber Recovery        !   High performance 
! Diving Support          !   Lower cost 
! Surveying          !   Low power 
! Search & Recovery         !   Simple set-up and installation 
! Inspection          !   Ethernet       
! Underwater Archaeology        !   5 m to 100 m range 
! Scientific Research         !   Integrated Video Capture and Display 

      !   Built in GPS Track Plotter 
 
 The Imagenex Model 837 “Delta T” is a multiple receiver sonar system designed to 
provide video-like imaging with all the advantages of underwater sonar.  Innovative digital signal 
processing is used to optimize data usage from all channels to achieve the best possible 
resolution at every point in the field of view.  Recent advances in computing power have made it 
possible to transfer and process this data at resolutions equal to computer monitor resolution, and 
with image frame rates of better than 20 frames per second! 

The Delta T system has been designed from the ground up with the most advanced, high 
accuracy, low power electronic components available to provide breakthroughs in system power 
consumption, package size, and price.  This advanced electronics package has built in flexibility 
and programmability to accommodate a wide range of transducer arrays.  Thus, the Delta T is the 
first in a family of new technology products which will have imaging and profiling capabilities to 
suit your underwater application.  Imagenex sonars:  advancing underwater imaging capability for 
the everyday user. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Patent Pending 

  Copyright " 2004 - 2005 
change without notice  www.imagenex.com Imagenex Technology Corp. 



 

Delta T Profiling 

HARDWARE  
SPECIFICATIONS: 
FREQUENCY 260 kHz 
TRANSDUCER BEAM WIDTH 
(nominal) 

Receive:   120# x 3#  
Transmit:  120# x 3#  

EFFECTIVE BEAM WIDTH 0.75# (with 600 beams) 
BEAMS* 75, 150, 300, 600 
RANGE RESOLUTION 0.2% of range 
MIN. DETECTABLE RANGE 0.5 m 
MAX. OPERATING DEPTH 300 m  
FRAME RATE Up to 20 fps 
INTERFACE TO PC 10 Mbps Ethernet (10 BASE-T) 

using TCP/IP 
MAX. CABLE LENGTH 100 m on CAT5e 
CONNECTOR Side mounted right angle, 8 conductor,  

wet mateable (Subconn MCBH-8M-SS) 
POWER SUPPLY 22 – 50 VDC at less than 12 Watts 
DIMENSIONS  See drawing 
WEIGHT:  In Air 
 
                  In Water 

2.49 kg (5.5 lbs) 
 
0.7 kg (1.5 lbs) 

MATERIALS 6061-T6 Aluminum, Epoxy, PVC, Stainless Steel 
connector 

FINISH Hard Anodize  
*Data is acquired at full resolution every shot:  processing the data for screen display on a PC can slow the system at 
highest number of beams.  75 beam mode is recommended for real time data acquisition.  The data can then be played 
back at highest resolution (600 beam). 
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SOFTWARE 
SPECIFICATIONS: 

DeltaT.exe 
 

WINDOWS$ OPERATING SYSTEM Windows$ XP 
DISPLAY MODES Sector, Linear, Perspective, Profile, Beam Test 
PERSISTENCE (TRAIL) 1 – 300 seconds 
RANGE SCALES 5 m, 10 m, 20 m, 30 m, 40 m, 50 m, 60 m, 80 m, 100 m 
SECTOR SIZES 30#, 60#, 90#, 120# 
FILE FORMAT: 
     RAW DATA 
     PROFILE POINT 

 
(filename).837 
(filename).83P 

RECOMMENDED 
MINIMUM COMPUTER 
REQUIREMENTS: 

2 GHz Pentium 4 
256 MB RAM 
20 GB Hard Disk 
1024 x 768 screen resolution 

 
 
 
 
 
 
ORDERING  
INFORMATION: 
300 m UNIT Standard 837-000-200 
Straight Connector Option                     -009 
IP Address* Option                     -020 
 
*Note: Standard IP Address is 192.168.0.2   
 A different IP Address may be specified upon ordering. 
 

Product and company names listed are trademarks or trade names of their respective companies.
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