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1.0 INTRODUCTION

1.1 Background

The ocean provides millions of self-sustaining habitats in reefs, tide pools, deep sea and coastal areas.  The numerous species of fish, plants and other sea creatures makes marine biology a fascinating field.  The increasing amount of pollution in the oceans is also a rising concern that prompts testing and investigation.  For marine protected areas (MPAs) the increase of pollution hurts the environment and the creatures that inhabit the area.
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Figure 1.1 Diver taking measurements at the bottom of Kasitsna Bay [1]

Scientists have been researching life underwater for ages and have seen, first hand, the evolution of technology in marine applications.  Recently, robotics has started to replace conventional, human-dependent methods of scientific research.  The use of robotics in marine applications ranges from underwater remotely operated vehicles (ROVs) that are controlled through tethers, to newly developed autonomous boats that operate without human assistance or supervision.  The switch to robotics has many benefits.  Safety for humans increases because humans no longer dive to take measurements or capture footage of marine life.  Also, the time and effort of researchers can be spent elsewhere instead of in gathering data.  

[image: image2.jpg]



Figure 1.2 One Tiburon, an MBARI ROV [2]

Developers across the planet are investing time and money into research and development for marine robotics.  Institutes like Monterey Bay Aquarium Research Institution (MBARI) and Scripps, and companies like Deep Ocean Engineering, have been developing underwater ROVs for decades.  Over the past few years autonomous underwater vehicles (AUVs) have become a heavily developed research mechanism.  Santa Clara University’s Robotics Systems Laboratory (RSL) has been involved in numerous projects involving marine research vessels.  From the simple SEAFOX ROV to the Mantaris and Nautilus projects, the RSL is no stranger to this growing technology.  See Figure 1.3 (a-c).
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Figure 1.3 (a-c) SCU’s RSL projects: a) SEAFOX, b) Mantaris and c) Nautilus [3]

Alaska is known for its dramatically changing tides and abundant marine life migrating to and from its bays and coastal areas.  Kachemak bay, along the south-west coast, extends from the Pacific Ocean to Anchorage.
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Figure 1.1 Map of Kachemak Bay, location of Kasitsna Bay circled [4]

Along this area there are numerous species of animals that migrate up the bay including sea otters, harbor seals, sea lions, porpoises, a variety of whales, several species of ducks and birds, fish and shellfish [5].  Within the Kachemak Bay is Kasitsna Bay (K-Bay), a small ¼ mile bay protected by the Kenai Peninsula.  The National Oceanic and Atmospheric Administration (NOAA) had taken an active interest in the area and had founded the Kasitsna Bay Laboratory through the University of Alaska Fairbanks (UAF).  UAF offers several diving programs as well as marine biology programs at the K-Bay Laboratory.  The facility consists of resident quarters, dry and wet laboratories, several research vessels and a floating dock, completed this past year [6].  Researchers are currently studying kelp forests, crab and fish populations, and the effect of UV-B exposure in sea-urchin larvae to mention just a few [6].
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Figures 1.5 (a,b) a) K-Bay’s Dock and b) K-Bay’s Wet Laboratory [6]

1.2 Field Literature Review

Autonomous surface vehicles (ASVs) are widely used in Europe, but have not been as heavily utilized in the United States.  A British company, ASV Limited, Inc., offers several semi-submersible vessels with digital GPS capabilities [7].    Most ASVs in existence are primarily used as relay vessels accompanying AUVs.  The Massachusetts Institute of Technology (MIT) developed an ASV in 1996 [8] and other US companies or individuals have created vehicles using existing boating and water recreation equipment [9-10].  However, none have the capability of lowering instruments into the water and relaying data back to the on-shore computer.

While the design and operation of our autonomous surface vessel was unique, the application to which it was applied had several other solutions already in use.  Institutes like MBARI and Scripps, and companies like Deep Ocean Engineering, had been developing underwater ROVs for decades, but in order for these units to operate, a crew was always be present.   Remotely operated vehicles were often used to detect maintenance issues on larger ships while the ship was docked, and in limited deep ocean exploration.  Their primary constraint was the tether.  MBARI’s ROV Ventana had a collection of data samplers such as a CTD package and several cameras for both observation and navigation.  
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Figure 1.6 MBARI’s Ventana about to deploy in the Monterey Bay [2]

Ventana can dive up to 2300m using its various electric motors and hydraulic pumps.  However, to support such a vast array of systems of this size, Ventana was large (10 feet by 5.5 feet by 7.25 feet, weighing over 5000 lbs) and very expensive [2].   While ROVs were very versatile in both motion and payloads, they were still limited by a need for a support vessel and tethers.  

Over the past few years AUVs have become a heavily developed research mechanism.  MBARI’s Dorado is deployed weekly in the Monterey Bay with CTD and other mid-water instrumentation. The Dorado can be configured with modular sections to add battery capability and other scientific sensor options, but the torpedo shape limits its mobility and periodic surfacing makes navigating to exact coordinates very difficult [2].
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Figure 1.7 MBARI’s AUV Dorado preparing for deployment [2]

The Spartan, currently being designed by The Naval Undersea Warfare Center, is an unmanned surface vessel.  With a bow to stern length of 11 meters, a top speed of 50 knots (almost 60 MPH!), and a range of almost 1000 nautical miles the Spartan is the most capable ASV to date.  The max payload of two and a half tons doesn’t hurt its capabilities either, but the 120 thousand dollar base price tag, before any sensors, severely limits its availability [9].
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Figure 1.8 The NUWC’s Spartan, to be an unmanned vessel [9]

Our ASV was closer to MIT’s AutoCat, which was built in 1996 to perform hydrographic surveys.  The AutoCat was manufactured by Bluefin Robotics Corp. for MIT.  It was 6 ft long and 3 ft 4 in wide.  Weighing only 220 lbs, its electric trolling motor or gas outboard could push it around at a top speed of 8 knots for up to four hours.  It used a Digital GPS navigation system which gave it 3 m accuracy for taking measurements related to marine life tracking, hydrographic/sub-bottom survey, and general oceanography [8].  While the basic design of our surface vehicles was similar, the flexibility of instrumentation for our project made it a more versatile ASV.
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Figure 1.9 MIT’s AutoCat running tests [8]

1.3 Project Objectives

The vision of the ASV program is to develop a research vessel that is capable of robust, automatic sampling of oceanographic data at specific locations and depths in estuary and coastal water.  Our specific goal for this year was to develop an initial prototype of such a system.  In pursuing this objective, our major contributions have been a structure, including pontoons, vertical struts, a platform and the connecting apparatus.  This supported a winch for deployment of scientific instruments, the power source for the vessel, and the electronic components that controlled the movement and functionality of the vessel.  Integration and testing will be performed during Summer of 2005 as part of an SCU-MBARI project.  Although our work has been limited to prototyping, these contributions have been crucial to evolving the ASV concept for automated, cost-effective estuary monitoring.

2.0 SYSTEM LEVEL

2. 1 Customer Needs
At the beginning of the fall quarter we met with Geoff Wheat, a representative of the UAF, our sponsor and primary customer, to discuss the basic design specifications and requirements.  On November 10, 2004, our design team met with representatives from the University of Alaska, including Geoff Wheat, Raymond Highsmith, and Jennifer Reynolds, to discuss specifications and concerns that they had regarding our design then.  We also received responses to our ASV survey from Stanford Ph.D. student Jeff Ota regarding his experience and his potential project in El Salvador.  Finally, we received information about the marine environment as well as typical weather conditions from Ted Otis, Area Fin-Fish Research Biologist with the Alaska Department of Fish and Game.  Responses from the interviews and the survey can be found in the customer needs tables in Appendix D.

From the interviews and surveys, a general idea of what the customer wanted was compiled.  These needs included:

· Ability to span a ¼ mile bay,

· Ability to take measurements at 12 stations,

· Ability to take measurements and travel faster than a human diver,

· Ability to take measurements at a maximum depth of 330 feet,

· Ability to station keep,

· Ability to function in 2 foot waves,

· Ability to operate through tidal changes,

· Reasonable life in a salt water environment,

· Ability to maneuver and maintain stability through strong winds, and

· Ability to fit in an air-cargo container of a 737 jet.

2.2 Product Design Specifications

From the customer needs defined in the previous section, product design specifications were interpreted and summarized in this section.  The complete description of the specification can be found in Appendix E. 

First, knowing the ASV would be deployed in a salt water environment, the materials selected needed to be corrosion resistant.  The life of the vessel was estimated at 5 years, with minor parts being replaced.  In order to maintain a level of adaptability, the underwater connections should be made with wet-mateable connectors (instruments and cables that are being lowered into the water must be waterproof).  All components need to be protected from corrosion and impact as much as possible.

The vessel needed to traverse a ¼ mile bay, making at least 12 stops.  This was interpreted into specifications for at least 8 hours of power.  The large power draws were from propulsion and the vertical deployment systems.  The microcontrollers were assumed to have very little power draw.

It must be able to operate in saltwater conditions with some wind, waves, and currents.  The design of the vessel needed to withstand Force 3 sea conditions as defined by the Beaufort Wind Force Scale [11].  This describes wind speeds of 7-10 knots, waves of 2-3.25 feet height, with “large wavelets, crests begin to break, scattered white caps” [11].  Wind and waves can cause the vessel to tip and it can create problems for measurement integrity.  The design was constrained to not have platform displacement amplitude larger than two feet.

In addition to the weight of the vessel itself, the ASV must be able to carry a payload of scientific instruments weighing up to 200 lbs, a combination of which could be mounted on the topside structure or lowered into the water.  The flotation subsystem needed to balance the weight of the boat and the payload weight, and also provide positive flotation.

Using some type of navigation system it needed to be able to determine its location with at least ±10 feet of precision while station keeping and taking readings.  A wireless data uplink allowed communication and provided status updates to the user at a remote location.  The controllers on board needed to sense the current location and automatically steer and propel the ASV towards the desired location.

The ASV must also be shippable.  The access to Kasitsna Bay is very limited, so the unit must be able to be shipped on a 737 cargo plane.  The maximum size of a cargo container was 9 feet by 7 feet for the base with 7 feet vertical clearance.  

2.3 User Scenario

The system was set up so that anyone with internet access, and the proper authorization, could control the vessel and implement mission plans.  After picking each location, the program prompted the user to determine the depths to take measurements and the type of measurements to take at each depth.  When the mission plan was completed, the commands were sent through the internet to the server in the K-Bay Laboratory.  The operator of the ASV deployed the ASV from either its docking location or from a trailer it was stored on and turns on the system.  The commands were then sent wirelessly to the ASV and read in through the onboard controllers.  The controllers communicated the commands and the propulsion was turned on or the vertical deployment system was operated.  The status of the boat, the power levels and the completion rate of the mission were sent back and displayed on the screen.  A more complete description of the process of data transfer can be found in Chapter 5.
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Figure 2.1 Graphical user scenario for deployment of the ASV

Using the Graphical User Interface (GUI), the user will be able to input the mission plan by picking points on the map or by typing the coordinates.  A real-time uplink showed the user the current status including location, mission progress, battery life and overall health of the system, as well as allowed the user to modify the mission plan or even operate the ASV in a manual mode using the onboard video link.  Once the ASV completed the mission, it returned to the dock where the operator secured the vessel and recharged the power system.  All scientific data was uploaded to the shore computer via the wireless link as well as a detailed report of the mission.  If the ASV will be used several days in a row, it can be stored in the water; however, it was recommended that in order to reduce the effects of corrosion and extend the life of the ASV that it should be removed from the water when not in use.  Upon removal there was be a set of procedures to follow set forth in the user manual for maintenance and upkeep of the ASV found in Appendix N.

2.4 Functional Analysis

The data or electrical flow between the user and the vessel as well as the command flow from the microprocessors to the various components can be seen in the functional diagram in Figure 2.2.
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 Figure 2.2 Functional Diagram of the ASV

The function of the ASV can be described through inputs and outputs.  Table 2.1 describes typical user inputs and environmental inputs that the ASV would see and the outputs it would have sent to the on-shore computer.

	User Inputs
	Environmental Inputs
	Outputs

	Mission Plan
	Weather Data
	Mission Progress

	Navigation Plan
	Instrument Package Data
	Health

	Manual Drive
	Navigation Data
	


Table 2.1 Functional Inputs and Outputs.

2.5 Key System Issues

In order to meet the needs of the customer as outlined in the PDS, we had several options for the vessel: ROV, AUV or ASV.  There were several key issues to consider including the integration of each subsystem, reliability of the system, manufacturability, cost, power consumption of all electrical components, flotation of the vehicle, and stability, static and dynamic balance, and the overall weight and size of the system.  These issues, combined with the weather conditions and the input of the UAF’s School of Fisheries and Ocean Sciences, led our team to choose an unmanned surface vehicle instead of an ROV or an AUV.

When determining what type of vehicle to utilize, trade offs were made corresponding to our key system level issues.  Comparing an autonomous surface vessel, autonomous underwater vehicle and a remotely operated vehicle, the ASV would not require attachments on a submerged hull, it required fewer navigation motors, and it was easier to statically and dynamically balance (especially with two hulls). It was also easier to maintain equilibrium while taking measurements, the onboard instruments were easier to install and access, movement was not limited by a tether, the GPS was running constantly and without an accompanying vessel to relay the signal, and the above surface and sub surface measurements were taken simultaneously.  However, the ASV required a vertical deployment system to lower the sub-surface scientific instruments and the overall system was heavy, possibly heavier than either the AUV or the ROV would have been.  

One of the main concerns with using an AUV was that when the vessel dove to take measurements, the GPS signal faded.  One of the requirements voiced by the scientists during the interviews used to determine customer needs was to have constant contact with both the on-shore computer and the GPS signal.  Also, keeping engineering principles in mind, the design of the ASV needed to minimize the amount of environmental impact.  With a constantly active GPS signal and the onboard video link, the whereabouts and any potential obstacles in front of the boat were known and the possibility of avoidance increased.

The final design of the ASV was a Small Water-plane Area Twin Hull (SWATH) design.  Similar to a catamaran or standard pontoon boat, a SWATH vessel has two pontoons set wide to increase stability, but unlike the standard pontoon boat, the SWATH’s pontoons are completely submerged 6 to 10 inches below the surface, and are connected to the main deck by vertical struts.  This design increased the stability of the vessel by decoupling the boat from the oscillation due to the waves.  This was especially important when the instruments were deployed because oscillations of the platform changed the depth at which the instruments were reading from, and can cause high stress on the cable.  Having the pontoons spread out helps to keep the center of buoyancy and the center of gravity move closely aligned, reducing the tendency of the vessel to flip over.  We decided to name the ASV the WASP, or Water-Analysis Surface Platform.
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Figure 2.3 Standard Hull Vs. SWATH Design

2.6 Team and Project Management

Our design team consisted of six students: two mechanical engineers, Robyn Kobashigawa and Paul Mahacek, two electrical engineers Aaron Schooley and Daniel Wilson, and two computer engineers Nazli Zooleh-Yaghoob-Shahi and Nader Mehdizadeh.  Our faculty advisors on this project were the Robotics Systems Laboratory Director, Professor Christopher Kitts, and the Mechanical Engineering Department Chair, Professor Timothy Hight.  The diversity and broad experiences of the team members complemented each other, and created a strong group able to accomplish our goals.

Each of the members had many jobs and responsibilities.  Paul was the facilitator and the main contact with the faculty advisor.  Robyn was the recorder and the dynamic control engineer.  Aaron was the chief processor engineer working on the electrical system, and Dan was the wireless link specialist.  Nazli and Nader were responsible for the creation of the Graphical User Interface (GUI) and the storage system for acquired data. 

The project was divided and set-up so that each discipline could work independently with common interfaces previously agreed upon.  The mechanical work focused on the hardware necessary for the structure of the boat, the means of flotation, propulsion and steering, and the mounting and waterproofing of all components.  The electrical scope spanned all components on the ASV that required power, the microcontrollers that communicated with the on-shore computer and controlled all functions of the ASV and all of the interfaces with the instruments.  The computer portion of the project was to write and compile the coding for the GUI.  This included the waypoint navigation system mapping, selection of locations, user determination of instruments, and communication with the ASV.  Together, the team integrated and tested the system, an autonomous vessel that floats, supports instruments, has functioning electrical components, and can be controlled using a simple GUI through a wireless connection.  Each discipline has corresponding documentation for its subsystems and can be found in Chapters 3-5.

2.7 Budget

We set out to develop a low cost ASV and recorded our spending to determine how well we followed our budget.  The budget to accomplish the Mechanical goals was broken into major subsystems and components including flotation, platform, thrusters and winch.  The Electrical budget consisted of batteries, processors, circuit boards, and other components.  The instruments were the most expensive budgeted items and were not purchased this year.  The costs for the major components are listed in Table 2.2.

	 
	Preliminary Budget
	Current budget
	Spent
	Donated
	Projected
	Total

	Flotation
	$1,000
	$350
	$350
	$150
	$50
	$400

	Platform
	$500
	$300
	$0
	$300
	$0
	$300

	Thrusters
	$3,000
	$1,600
	$1,600
	$0
	$0
	$1,600

	Winch
	$2,000
	$8,493
	$7,334
	$0
	$1,200
	$8,534

	Batteries
	$1,000
	$836
	$836
	$0
	$0
	$836

	Processor
	$1,000
	$1,000
	$1,000
	$0
	$0
	$1,000

	Circuit Boards
	$100
	$100
	$0
	$1,500
	$0
	$1,500

	Radio Modem
	$400
	$400
	$400
	$0
	$0
	$400

	Camera and Video
	$900
	$900
	$900
	$0
	$0
	$900

	Total ME and EE
	$13,400
	$17,542
	$14,820
	$2,950
	$2,650
	$20,420

	Instruments
	$65,150
	$65,150
	$150
	$1,500
	$50,000
	$51,650

	Total
	$78,550
	$82,692
	$14,970
	$4,450
	$52,560
	$72,070


Table 2.2 Budget

2.8 Project Challenges
Most of our project challenges arose from the uncertainty of the weather data in the bay.  The conditions of the waves, winds, currents, and obstacles can never be predicted with 100% reliability; therefore we recommended the types of conditions the ASV can be sent out in.  Because we cannot anticipate all wave heights, steepness and frequency of the waves, we have designed the ASV to be deployed in Force 3 conditions [11].  This recommendation was made so the vehicle would not be deployed in crashing waves that could damage sealed components or any other component onboard, or cause excessive vibrations.  

We designed the ASV to withstand 7-10 knots wind speed.  Our major concerns were the stability and performance of the vehicle.  With increasing wind speed, the platform had a tendency to flip the entire vehicle over.  Combined with waves, this could have been detrimental to the ASV and all onboard components.  As for performance, the propulsion motors were sized to overcome the water drag and the wind forces up to specified levels.  Steering and station keeping was increasingly difficult with the culmination of wind, waves and current.  

Another weather uncertainty was the currents, both at the surface and at depth.  Currents, like winds and waves, could move the boat in a direction not originally desired by the user.  Underwater currents would also create difficulty in placement of the instruments in specific locations.  However, we assumed the measurements could be taken in an area of 10 feet radius and if the instruments do not drop vertically, the measurements were still representative of the location.  We anticipated the thrusters running during the duration of each mission to keep as steady a position as possible.

3.0 MECHANICAL SUBSYSTEMS
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Figure 3.1 Current Design of the ASV

The entire ASV was broken down into discipline-related sections: Mechanical, Electrical, and Computer subsystems.  The mechanical subsystems deal with the physical appearance and functionality of the ASV.  The electrical subsystems control the movement and data acquisition of the ASV.  Finally, the computer subsystems create the human interface between the ASV and the user.  Each subsystem had a list of alternatives and a trade-off analysis was performed in the form of a selection matrix, found in Appendix F. 

The mechanical subsystems are comprised of a flotation subsystem, power subsystem, propulsion subsystem, and a vertical deployment (or instrument deployment) subsystem.  These subsystems control the overall movement of the ASV and the instruments that are deployed.

3.1 Flotation Subsystem

In order for our ASV to operate, it was vital for the vehicle to stay at the surface.  Some type of flotation or buoyancy system was decided upon based on a variety of selection criteria.  The design team brainstormed many potential solutions for flotation ranging from containers filled with air to less dense materials than water.  Listed are the most important functional criteria from most to least importance: stability, buoyancy, complexity, versatility, reliability, strength, and size (when broken down for shipping).  After determining the criteria, each design solution was evaluated according to the criteria and ranked for compliance.  The design solutions for the flotation subsystem: Inflatable Pontoons, Fishing Boat Base, Semi-Submergible, Foam Filled Pontoons, and PVC Tubing with Fiberglass End Caps, were listed below with their associated benefits and drawbacks.

Design Solutions:

Inflatable Pontoons - The idea for using inflatable pontoons came from river rafting.  By inflating a high density nylon fabric tube to use as flotation, many of the design criteria were fulfilled.  This idea scored well in several sections including density, overall time for designing, manufacturing and testing, and especially the size for shipping as the tube could be deflated to take up almost no room.  Some of the areas causing the most concern included the strength, rigidity, and reliability of the tubes.  Several vendors were found for this product, and one in particular did custom orders in the $800 range.  The final decision was that the tubes were too unreliable to use for such an expensive piece of equipment for extended periods of time.  The sketch of this solution can be seen in Figure 3.2.
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Figure 3.2 Sketch of Flotation Design Solution: Inflatable Pontoons

Fishing Boat Base – This idea was based on a small (1-2 man) fishing boat.  Several companies make small boats out of metal, fiberglass or high strength plastic, and most any of these can be found in the $500-$700 range.  The fishing boat scored best in the reliability, strength, and rigidity categories, while its limitations in shipping size and weight kept it from being selected as the final choice.  The sketch of this solution can be seen in Figure 3.3.
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Figure 3.3 Sketch of Flotation Design Solution: Fishing Boat Base

Semi-Submergible – The semi-submergible was one of the most revolutionary ideas out of the UK in ASVs.  While it was a very high tech solution its overall score was the lowest mainly due to its complexity and stability issues and the added requirement it would need to integrate all the parts to meet the design criteria, especially lowering the rather large payloads. The sketch of this solution can be seen in Figure 3.4.
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Figure 3.4  Sketch of Flotation Design Solution: Semi-Submergible

Foam Filled Pontoons -Originally, this idea was based on pourable polyurethane foam but after further analysis and research it was decided that a solid polystyrene material would minimize the irregular properties and shrink involved with the polyurethane.  The rest of the flotation structure would include an internal structural matrix of steel (similar to rebar in concrete).  This would have given the pontoon a point to mount onto the main structure.  In order to protect the foam from the harsh UV rays and ocean environment, a hard fiberglass shell would have been molded around it, also giving it resistance to light and medium impacts.  Two of these steel-reinforced, fiberglass-covered, foam pontoons would have been used to float the ASV.  The foam scored well in the areas of stability, and size due to its ability to be broken down into four parts for shipping.  The section in which the foam did the worst was simplicity and rigidity due to the numerous parts and the non-uniformity of the pour foam.  The dynamic response of the two-part pontoons and the fatigue the structure holding the parts together would undergo was a concern in this design.  Although it did not receive a very high weight factor, the complexity of using these pontoons will have more ramifications down the line especially in the calculation of its strength and the actual manufacturing of the floats.  After careful consideration, this solution is unreliable due to the dynamic impact of the pontoons on the structure it supports.  The sketch of this solution can be seen in Figure 3.5.
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Figure 3.5 Sketch of Flotation Design Solution: Foam Filled Pontoons

PVC Tubing with Fiberglass end caps-When considering possible fatigue damage due to multiple-part pontoons, returning to the idea of single piece pontoons was the favorable option.  By using poly-vinyl chloride (PVC) pipes used for plumbing, the pontoons would have been rigid and without the fatigue issue.  In order to close the piping on the front and back ends, end caps needed to be designed and mounted.  The solution was to create the end caps out of fiberglass and paint them to match the PVC.  To create a large buoyancy effect, a large amount of water needed to be displaced.  The pontoons were filled with foam because the pontoons were not designed to be sealed.  This allowed for access to the inside of the pontoons for mounting various parts.  When this design was considered, the benefits were good stability, rigidity, manufacturability, cost, and life. Some drawbacks this design raised were weight, ballasting, and complexity of end caps.  The sketch of this solution can be seen in Figure 3.6.

[image: image22.jpg]



Figure 3.6 Sketch of Flotation Design Solution: PVC Tubing with Fiberglass End Caps

Final Design:

Using the selection matrix seen in Appendix F-1, the highest scoring solution was PVC tubing with fiberglass end caps.  The final design for the pontoons can be seen in Figure 3.7.  Knowing common diameters of PVC in the construction industry and calculating the approximate amount of water needed to be displaced, we chose a 15 inch diameter pipe that was cut to 8 feet in length (calculations can be found in Appendix G).  The shape of the end caps were modeled after an existing AUV shell that had a rounded nose and thrusters protruding out of the end.  In the SWATH design, the pontoons were submerged and the platform was raised above the water.  The pontoons were designed to ride two to four inches below the surface.  By submerging the pontoons, the stability of the craft was raised because of the lessened impact of waves combined with the lower center of gravity.  Unfortunately, to keep the pontoons submerged when the instruments were deployed, a dynamic ballasting system needed to be designed.  This system was not designed, but was included in the patent search in Chapter 8 and in the Future Work section of the Conclusion. 
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Figure 3.7 CAD drawing for pontoon design

Manufacturing Process:

The process of manufacturing the flotation subsystem was broken into five parts: sizing the PVC, fiberglassing the end caps, pouring the foam inserts, painting and finishing all parts, and assembling the pontoons. To size the 15 inch PVC pipes, they were cut to 8 feet length and the ends were sanded.  To get the shape of the end caps, an existing AUV was used as a mold.  A novel idea when creating the end caps was to use a section of PVC at the base, where the end cap was designed to connect with the piping of the pontoon, and mold the fiberglass to the AUV and over the PVC.  This created a surface that fit securely into the PVC and made mounting the final end caps easier.  Each end cap was constructed of two halves and fiberglassed together.  The surface was sandpapered and filled to create a smooth surface ready for painting.  See Figure 3.8.
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Figure 3.8 (a-e) Process used to create end caps from left to right: a) existing AUV shell used as a mold, b) end caps were created in halves, c) halves were joined, d) end caps were sanded and filled, and e) end caps were painted

In order to displace the amount of water needed to float the ASV, the pontoons needed to be filled with foam.  The foam was dimensioned ½ inch smaller in diameter than the inside of the PVC so that it can be easily removed and reinstalled.  Excess sections of the PVC used to make the pontoons were lined with a cloth and taped for easy removal of the foam and for reuse of the mold.  The foam was poured into the mold, removed and the surface was finished.  Several sizes of foam inserts were made which allowed for adjustable distribution of buoyancy.  See Figure 3.9.
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Figure 3.9 (a,b) a) Picture of the Mold for the Foam and b) a Foam Insert

3.2 Propulsion Subsystem

Because the ASV needed to take measurements at several locations, it needed a drive system.  The different options for this subsystem were ranked by how well they scored based on several criteria; the most important was thrust followed by reliability, and power consumption.  Several different options and configurations for the ASV’s propulsion system were a Structure-Mounted Gasoline Motor, Pontoon-Mounted Electric Motors, and Platform Mounted Electric Motors.

Design Solutions:

Structure-Mounted Gasoline Motor - The gas powered thruster was the most common type of motor for both large and small commercial human operated boats.  It allowed for the maximum amount of power and thrust, and the gas thruster scored very well in those areas.  However it did not score well in the reliability category due the required maintenance associated with so many parts operating in the Alaskan environment, not to mention the complexity of integrating an electronic control system into a gas motor.  The sketch of this solution can be seen in Figure 3.10.
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Figure 3.10  Sketch of Propulsion Design Solution: Structure-Mounted Gasoline Motor
Pontoon-Mounted Electric Motors - The idea to use two stationary electric motors came from the current ROVs in use.  A differential drive was designed: by thrusting at different rates or in different directions, turning was achieved from stationary thrusters.  This would have given the ASV a full range of horizontal motion with only two motors.  It also would have eliminated a small portion of the drag resistance by decreasing the surface area.  There was less of a safety issue with this design due to the absence of parts extending from the platform into the water.  The biggest downsides to the pontoon-mounted thrusters were concern about the application of all the thrust on the pontoons themselves and the complexity of fabricating pontoons that integrate well with this design.  This design did score well in weight and reliability due to the reduced amount of material holding the thruster up and the decreased amount of areas where failure could occur such as electric steering or the shaft that would attach the thruster to the deck.  The sketch of this solution can be seen in Figure 3.11.
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Figure 3.11  Sketch of Propulsion Design Solution: Pontoon-Mounted Electric Motors
Platform-Mounted Electric Motors – This option consisted of two platform-mounted trolling motors with electric steer and 360° of rotation.  After taking into consideration the amount of wind and current in the bay, it was determined that it was necessary to utilize two motors in order to have enough thrust to complete any long distance mission in a reasonable amount of time.  However, the use of the electric steer complicated the control of the ASV and the safety concerned with the thrusters hanging from the platform was considered.  This solution scored well in the thrust and simplicity area because it did not require modifications.  The sketch of this solution can be seen in Figure 3.12.
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Figure 3.12 Sketch of Propulsion Design Solution: Platform-Mounted Electric Motors

Final Design:

The solution we chose was pontoon mounted electric motors.  The thrusters that were purchased were Minn Kota Electric Trolling Motors.  These provided 55 pounds of thrust each and drew a stall current of 35 Amps.  The motors, without the shaft that led to the electric steer control, were 4 inches in diameter at the widest and 13 inches long.  Specifications on these components can be found in Appendix L-2.  The drawing of the final design can be seen in Figure 3.13.
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Figure 3.13 CAD drawing of pontoons with thrusters mounted

Manufacturing Process:

The thrusters chosen to drive the ASV were modified Minn Kota Electric Trolling Motors.  They had a shaft enabling mounting on a surface approximately two feet above water as well as fins along the motor for better hydrodynamics.  However, because the thrusters were embedded in the pontoons, the shaft and the fins needed to be removed and the thruster sealed up.  Using a common sawing tool and grinder, the shaft and fins were removed and the surface was smoothed down.  The wiring for the motor ran through the shaft; therefore the cut area was sealed with epoxy.  See Figure 3.14a.
To mount the motors into the pontoons, a 4.5 inch acrylonitrile butadiene styrene (ABS) pipe was used.  See Figure 3.14 (a-c).  The pipe was cut to size and a section was cut out for the protruding shaft section and wiring to slide in.  A hose clamp was placed around the mount and the motor to secure it in the mount.  The protruding shaft helped to keep the motor from spinning within the mounting.  To mount the ABS pipe into the pontoon, two ¼ inch diameter all-thread rods were bolted through.  Finally, the end caps were filled with foam to add extra support to the thrusters.
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Figure 3.14 (a-c)  From left to right, top to bottom: a) filling the cut shaft with epoxy, b) slot cut out from ABS for mounting thruster, c) bolts holding mounting in pontoon, d) thrusters mounted, and e) end cap mounted

3.3 Power Subsystem

The power system was very dependant on the selection of the propulsion system, and the length of the mission because of the large power draw of the thrusters relative to the other systems.  The main factors besides capacity were weight, size, and availability.  Other factors included operating life, simplicity, cost, the number of parts and the amount of time needed to build mounts and recharge the system.  The first criteria that needed to be met was the required amount of amp hours the system needed to provide.    The design solutions were Batteries, Solar Panels, a Gasoline Generator, or a Hybrid system with both a gasoline generator and batteries.

Design Solutions:

Batteries - The first option considered was very straightforward.  Both the availability and simplicity of using batteries as the sole power source made it a good choice.  The limiting factor of this option was that, in order to get a decent run time, quite a few batteries were needed, creating a lot of weight and taking up a good portion of the space on the platform.  However, batteries scored high in the simplicity and number of parts required section of the selection process.  The sketch of this solution can be seen in Figure 3.15.
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Figure 3.15 Sketch of Power Design Solution: Batteries

Solar Panels - The solar powered option was not a viable option.  For the amount of power required, it would have required about 10 square meters of solar panels to run the system.  Also, this project was going to be in Alaska where cloud cover and seasonal darkness would have limited the ASV to running for about 50 hours a year.  The sketch of this solution can be seen in Figure 3.16.
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Figure 3.16 Sketch of Power Design Solution: Solar Panels

Gasoline - The gas powered generator had the second highest score in the selection matrix.  It did very well in most of the categories but concern for interference with sensitive electronics raised some issues.  Also, after selecting the propulsion design, pontoon mounted electric motors, the gasoline generator did not seem the best option.   The system would have required at least a minimal battery to operate, which we took a step further to our last choice. The sketch of this solution can be seen in Figure 3.17.
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Figure 3.17 Picture of Power Design Solution: a Honda gasoline generator [12]

Hybrid - The Hybrid system gave us the best of both worlds.  Four deep cycle marine batteries gave us a good starting run time, and a generator put back a portion of the power, almost doubling the time while only adding a fraction of the weight.  The Hybrid scored very well in every category, especially weight and operating life.  The current design called for the use of four 6V batteries with 740 Amp hours, which gave us about six hours of battery life.  The addition of a relatively small generator (2000W, <50lbs) increased the mission time by at most ten hours.

Final Design:

The design solution we decided upon was four the Hybrid system.  However, we were unable to purchase the generator and implement it in our hardware.  We did design for the addition of a generator next year, as described in the Future Work section of the Conclusion.  The batteries chosen were Sea Volt 6 Volt deep cycle marine batteries each weighing 113 lbs.  Each also has a capacity of 370Ah, 840 reserve minutes, and is capable of putting out 1900 marine cranking amps.

	Batteries
	6V

	
	370 Ah

	
	700 cycles before losing half capacity

	
	113 lbs


Table 3.1 Table of Specifications for Batteries

Manufacturing Process:

Although we did not modify the batteries, we needed to make slight modifications to the battery boxes.  The battery boxes that were purchased had space length- and width-wise, but not height-wise.  Because there were no boxes that could accommodate the batteries purchased, the base of the originally purchased boxes were used with a plastic container as the lid.  This still provided protection from wind and rain, yet allowed air to exchange between the environment and the batteries and kept mounting simple.  See Figure 3.18.
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Figure 3.18 Modified battery box

3.4 Vertical Deployment Subsystem

The deployment of the instruments was one of the most difficult subsystems.  Finding a feasible way in which to deploy the onboard instrumentation with a light weight and compact unit without sacrificing strength had proved a very challenging task.  The system requirement specified that the instruments reach about 660 ft in depth.  Other important selection criteria were weight, size, time, strength, simplicity, cost, and maximum speed for submergence.   Several design solutions were: a Retractable Hydraulic Arm, Attachable ROV or a Cable Handling System.

Design Solutions:

Retractable Hydraulic Arm – The arm idea relied on a series of concentric tubes that collapsed on one another to raise and lower the instruments.  This option scored very low on many of the criteria, especially on the strength.  In order to reach the desired length many tubes—approximately 200 arms, each having length of 3 feet—would have been needed, making this an infeasible option in consideration of weight, cost, and simplicity.  The sketch of this solution can be seen in Figure 3.19.
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Figure 3.19 Sketch of Vertical Deployment Design Solution: Retractable Hydraulic Arm

Attachable ROV – One option was to develop a very small ROV to deploy the instruments.  This would have been a good method if power, time, and money were not an issue.  Essentially a small ROV would have been operated by the ASV using sonar to keep the payload directly below the ASV.  This would have given us a very precise measurement and could compensate for the current causing the instruments to drift.  However a tether handling system would still have been needed, so this was not a viable solution. The sketch of this solution can be seen in Figure 3.20.
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Figure 3.20 Picture of Vertical Deployment Design Solution: Triton, an existing ROV [3]

Cable Handling system – The cable handling system was the most feasible choice for the instrument deployment.  Basically, a large winch motor wound or unwound a cable with conductors in it.  By utilizing a slip ring, the cable rotated without putting a kink into the line.  One system with a slip ring was developed as a senior design project a few years ago and was available for retrofit but it was limited to only 170 feet, quite short of our goal.  The existing unit also ran off of a 75V motor which wouldn’t work with our 24V system. An adapter could have been used with the 120V from the generator to make it work.  Several vendors have been found that could make custom systems, and it was the best option to order a system.  The Cable Handling System fulfilled the entire criteria well, except the amount of time it would have taken to design, build and test the system.  The sketch of this solution can be seen in Figure 3.21.
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Figure 3.21 Sketch of Vertical Deployment Design Solution: a Winch

Final Design:

The solution we chose was the cable handling system, or winch.  We decided to purchase a custom winch from a company in Canada called Shark Marine.  The winch had an 8-conductor cable, slip ring, and a built-in level wind, seen in Figure 3.22.  The purpose of the level wind was to ensure the cable wound properly.  The level wind, the two gray poles with the black block at the end, traveled back and forth across the grooved bar to lay the wire neatly.  The motor that was designed for the winch was more than what was required to run the winch, so a separate motor was investigated and purchased.   The technical specifications for the winch and reel can be found in appendix
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Figure 3.22 The 8-conductor winch purchased from Shark Marine comes with a level wind

Table 3.2 

Manufacturing Process:

The motor needed to be modified to work with the winch.  Due to the desired gearing of the winch motor, the original reel was removed and a mate from the severed reel to the purchased cable handling system was lathed.  Because the motor and main reel were purchased separately, a mount needed to be designed and manufactured to lift the motor to be in-line with the drive shaft.  This mount was constructed of three pieces of honeycomb aluminum—cut, filled and painted—and was bolted to the grating and to the reel itself.  The original motor, the modified attachment, and the motor mounted onto the platform can be seen in Figure 3.23.
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Figure 3.23 (a-c) a) Originally motor purchased, b) motor with reel removed and mate attached, and c) mount for the modified winch motor [13]
3.5 Structure

During the preliminary design stage, the design solutions for the structure were diverse, but the primary function was to create a surface to mount all equipment of the various subsystems and to connect this platform to the flotation.  Criteria for selection included strength, rigidity, weight, manufacturability, cost, time, and simplicity.  The design solutions for the structure were: Angle Iron Frame, Bent Steel Tubes or Honeycomb Aluminum platform and vertical struts.

Design Solutions:

Angle Iron Frame-This design utilized an angle iron frame, for the platform, that supported a surface either made of fiberglass grating or a thick sheet of metal.  The fiberglass grating provided a hard, stiff platform and also made mounting and adjusting components easier.  Although the design would have been simple and most materials fairly inexpensive, the strength and rigidity would have relied upon the strength of the welding.  Welding was not an area of familiarity and the manufacturability and cost to produce was a negative issue for this design.  Also the weight of all the materials used gave it a low score.  The sketch of this solution can be seen in Figure 3.24.
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Figure 3.24  Sketch of Structure Design Solution: Angle Iron Frame

Bent Steel Tubes-This design was similar to the angle iron frame, but used bent tubes to support a platform material and connect it to the pontoons.  This design required fewer welds, but created integration problems with the pontoons.  It scored well for strength, rigidity and simplicity, but no so for weight, manufacturability-the tubes needed to be bent and there was some welding between the platform and tubes, time and cost.  The sketch of this solution can be seen in Figure 3.25.
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Figure 3.25  Sketch of Structure Design Solution: Bent Steel Tubes

Honeycomb Aluminum Platform and Vertical Struts-Honeycomb Aluminum, a light weight yet strong material, had many applications in the Aerospace Industry and in several projects by MBARI.  Plates of the honeycomb aluminum would have been used to support a plastic grating.  The plates were also designed as vertical struts-plates tilted at a slight angle from vertical, supporting and connecting the platform to the pontoons.  This solution scored very well in the weight, strength, and simplicity areas.  With the support of an advisor, the materials were donated, cutting costs, and their manufacturing facilities were available, cutting time and easing manufacturing. The sketch of this solution can be seen in Figure 3.26.
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Figure 3.26 Sketch of Structure Design Solution: Honeycomb Aluminum Platform and Vertical Struts

Final Design:

The design chosen was the Honeycomb Aluminum Platform and Vertical Struts.  The platform dimensions were 6.7 feet by 3.75 feet and the vertical struts were 1.5 feet by 1.7 feet at a 15 degree angle, giving 1.6 feet between the platform and the pontoons.  Two1.1 foot by 6.7 feet strips ran from fore to aft and 4 2.9 feet by .8 feet strips ran from bow to stern to support the platform.  The fiberglass grating-two pieces 1.9 feet by 6.7 feet-was bolted on top of the aluminum plates for mounting components.  By using the aluminum only as a support and the grating as the actual platform, the surface are was decreased, allowing more air and water to pass through instead of hitting the platform and flipping the vessel.  The CAD drawing of the final design for the structure can be seen in Figure 3.27.
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Figure 3.27 CAD drawing of final design for structure

The use of vertical struts constructed of the aluminum plates coincided with the SWATH design.  The vertical struts were designed to be partially submerged.  The strength of the plates was not tested, but the strength of the plates can be calculated using the material properties in Appendix F.  The integration of the vertical struts to the platform required connectors or clamps.  Also, the integration of the vertical struts to the pontoons required clamps, preferably with arc-shaped bases for flush mounting onto the PVC pontoons.  These clamps were designed to be approximately 3 inches by 4 inches.  Before manufacturing the clamps out of ultra-high molecular weight (UHMW) plastic, a finite element analysis was performed.  The CAD drawings for the vertical struts and the clamps can be seen in Figure 3.28.
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Figure 3.28 (a-c) CAD drawing of a)vertical struts with clamps attached, b) top clamps, and c) bottom clamps

Manufacturing Process:

As described in Chapter 3.5, the structure was constructed of honeycomb aluminum plates.  They were cut to size using a band saw and the edges were finished with a filler to prevent water from leaking in and to make the edges safer to handle.  Each piece was finished with a coat of black paint.  To bolt through the honeycomb, a ½ inch hole was drilled and a ¼ inch inner diameter bushing was adhered within.  For mounting of all components, ¼ inch stainless steel bolts and nuts were used along with stainless steel washers or flat stock.  Top and bottom mounting can be seen in Figure 3.29.
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Figure 3.29 (a, b) Mounting bracket for a) topside and b) bottom side

Because the bottom clamps needed an arc-shaped surface to mount on the pontoons, the manufacturing process was more complicated than expected.  The SCU machine shop was not equipped with the proper tools to accomplish this task; therefore the clamps were cut using a water jet cutter.  Top and bottom clamps attached to the vertical struts and the platform can be seen in Figure 3.30.
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Figure 3.30 UHMW clamps fastened to vertical struts
One issue considered was how the clamps were going to be fastened and how the end caps would be bolted down once the foam filled the pipes.  To solve this, panels were designed to be cut out of the pontoons to grant access to bolts and nuts holding together the end caps and the clamps.  Location of access panels can be seen in Figure 3.31.

[image: image61.jpg]



Figure 3.31 Access Panel Location

Knowing the ASV will be deployed in a salt-water environment, the materials selected needed to be marine-grade corrosion resistant.  Such materials are stainless steel, marine grade aluminum and plastics.  The pontoons are made of PVC, a plastic used in plumbing, and fiberglass.  All clamps are cut out of ultra high molecular weight plastic known for its strength and rigidity.  The bolts, washers and nuts used to secure the clamps and the end caps were all made out of stainless steel.  The vertical supports are made out of honeycomb aluminum plates.  The outer aluminum plates are made of anodized aluminum and surround the inner honeycomb structure which is made of non-anodized aluminum.  To protect the inner aluminum structure from permeation by salt water, protective adhesive filler was applied to the edges.  This adhesive also created a safer surface for handling by covering the sharp edges.  

4.0 ELECTRICAL SUBSYSTEMS

4.1 Overview

The electronics on the ASV employed common bus distributed avionics architecture with each subsystem being controlled by its own microcontroller.  This approach was used for a couple of reasons.  It allows for the construction of abstract pieces that can be added, removed or upgraded depending on how the project evolves before its completion and allows groups in future years to work on one system independently without having to know the specifics of the entire project.  
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Figure 4.1 ASV Component Block Diagram
A distributed, avionics architecture breaks the components of a system into function specific subsystems.  These subsystems each do their own task and work together to create a complete system.  Some configurations to connect these systems together are: the star, the single bus or the multiple bus architectures.  In a star architecture, one master device connects to each subsystem.  This system works well as long as none of the subsystems need information from each other; if this is the case, a method of information forwarding must be developed to handle cross subsystem communications.  Devices on a single bus system, such as I2C, will facilitate a multi-master architecture that allows for cross system communication.  For this application, I2C was chosen over other multi-master setups such as SPI or CAN, because it is simple and does not need additional hardware or modification of existing systems to expand the overall system.  

Each of the subsystems in the system block diagram was represented by a square and each contain their own microcontroller.  Each of the controllers was connected to the I2C bus and most have another device connected to its UART. 

4.2 Microcontrollers
Each of the subsystems has its own microcontroller.  The microcontrollers used are an AVR 8-Bit RISC processor from Atmel.  These processors were chosen because of their capabilities and faculty experience and support.  We currently are using their ATMega16 and ATMega32 processors but if needed the I2C could be replaced with a second UART by using the ATMega162.  The devices we used feature a UART, I2C, SPI, JTAG interface, 3 timers, 4 PWM channels, 10-bit A/D converter, 16k of Flash, 0.5k EEPROM, and 1k SRAM on the ATMega16 and twice the Flash, EEPROM and SRAM on the ATMega32.  The list of features included in this package, while most likely not all used in any one system, allow for the same processor to be used for any task that may be needed in any particular subsystem.  
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Figure 4.2 (a,b) a) Processor layout in CAD and b) actual board layout
The pc board that we designed and had fabricated will accept any of Atmel’s AVR processors in a 40 pin DIP package.  Some of the features that we included are separate 10 pin headers, a separate LCD header pined out for HD44780 based LCD modules, I2C header, very low drop voltage regulator and a lithium backup battery, a real time crystal, and space for a second UART.  The schematics and parts list created with Orcad Capture, and layout created with PadsPCB can be found in Appendix N.

The currently used microcontrollers have been loaded with a bootloader using Atmel’s STK500 board, a general development board.  The specific bootloader that is being used can be found at http://hubbard.engr.scu.edu/embedded/ and is designed to be run at 7.37 Mhz [14].  Using a bootloader allows for in system programming during the development phase but will need to be removed from some of the devices before project completion.  Any device that will potentially have data being received by the UART on system startup will need to have the bootloader removed before project completion.  If the device receives any data within the first 3 seconds after being powered on, it will stay in the bootloader and never execute the program code. 

All of the code for the microcontrollers was written in C and compiled on the AVR-GCC compiler which can also be found at http://hubbard.engr.scu.edu/embedded/.  The specific version of AVR-GCC that we used was 20040720 because some of the newest versions had conflicts with our function libraries, AVRlib, also available at http://hubbard.engr.scu.edu/embedded/ .  All of the code for the microcontrollers not included in AVRlib can be found in Appendix O.

After writing and compiling our code, the processor’s flash was loaded using Atmel’s AVR Studio.  Version 4 is used for loading the bootloader on the STK500 board and version 3 is used if loading from the bootloader.  Both versions of AVR Studio can be found on Atmel’s website, http://www.atmel.com [15].

4.3 Navigation 

The roles of the navigation controllers were to acquire the boats current position and heading, and based on this information, control the thrusters to move the boat to a given waypoint.  The secondary roles of the navigation controllers were to keep the boat at the last completed waypoint until another is given. This station keeping will keep the boat form drifting while the instruments are deployed and taking measurements.  

An initial prototype of this system was constructed using 2 Basic-X stamps, a digital compass from Devantech and a GPS receiver from Garmin.  The capabilities of the Basic-X stamps are quite limited and could not completely satisfy the requirements needed for this application.  The system was able to parse GPS packets and acquire heading data from the compass but the Basic-X stamps lack hardware I2C support.  Bit banged I2C seemed to cause problems in a multi master system and the Basic-X solution was replaced with processors from Atmel that support hardware I2C.

The new navigation controller was broken down into three separate controllers, each with a specific job.  One controller is responsible for acquiring a heading from the compass, another is dedicated to receiving and parsing GPS strings and the third is used to control a separate motor driver board which drives the thrusters.

4.3.1 Compass
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Figure 4.3 Compass Block Diagram

The compass controller is responsible for collecting heading information from the digital compass and filtering the data into a steady heading reading.  Currently the digital compass used is a Devantech CMPS03.  This is a small inexpensive compass that works well for testing of the smoothing algorithms and simple system testing but it should not be used in the final design.  Another much more complicated compass has been purchased but not yet integrated into the system.  This is a tilt compensated compass from PNI, model TCM3. This tilt compensated 3 axis compass will give an accurate heading reading when tilted up to 80° and will work in high latitudes.  This is extremely important because as the ASV will list while in open water and will eventually be stationed in a high latitude in Alaska.  

The current compass is interfaced to the compass controller through I2C and complete protocol documentation can be found in Appendix K.  The new compass interfaces with RS232 and can not easily be substituted for the Devantech.  Although the interface protocol will need to be rewritten for this new device, from a system view point, the change will be transparent and can be done with out modifying other systems.  

Currently a simple low pass filter has been implemented in the compass controller’s software.  The current algorithm has been implemented, but not extensively tested, and may need to be upgraded to a more advanced system such as a kalman filter.

The controller constantly collects and computes the ASV’s heading in the background and will act as a slave on the I2C bus.  If another controller on the bus needs heading information it will address the compass controller and it will respond with the current heading reading.  To avoid the possibility of sending partially written data, this system double buffers the data.  If a request is made while compass data is being written to the output buffer, the write process will be paused and the slave request granted, thus sending data that is only partially complete if a second buffer were not used.  If the data is in the process of being updated rather than the output buffer being sent, the backup buffer is sent.  After the slave request terminates and the program resumes, it will finish writing to the output buffer and then update the backup buffer.
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Figure 4.4 (a,b) a) Devantech CMPS03 board and b) PNI TCM3 board[16]

4.3.2 GPS 


[image: image68.emf]New Packet?

no

Parse Packet

Set update flag

Update secondary 

buffer

Clear update flag

Pause for 300ms

yes

Is update flag 

set?

no yes

Copy received 

data into 

localBuffer

2 1

1

Request ‘T’ ‘P’ ‘S’ ‘C’ ‘A’ no no no no

Transmit time Transmit position Transmit speed Transmit course

Transmit magnetic 

variation

yes yes yes yes yes

2

Request ‘T’ ‘P’ ‘S’ ‘C’ ‘A’ no no no no

Transmit time in 

secondary buffer

Transmit position 

in secondary 

buffer

Transmit speed in 

secondary buffer

Transmit course in 

secondary buffer

Transmit magnetic 

variation in 

secondary buffer

yes yes yes yes yes

Return number of 

bytes transmitted

Request = 

localBuffer[0]

Initialize system

Slave transmit 

service

Slave receive 

service

Figure 4.5 GPS Block Diagram
The GPS controller is responsible for interfacing to our GPS receiver and interpreting GPS strings for use in our system.  Currently we are using a Garmin model GPS18 receiver.  The unit was preconfigured using Garmin’s included software to transmit the GPRMC sentence before it was used in the ASV system.  Once the receiver had been initially configured, there was no need to reprogram it; thus, no setup commands have been included in this microcontroller’s interface instructions.  
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Figure 4.6 GPS18 with 12-volt cigarette lighter adapter [17]
Once the GPS unit is turned on, it immediately transmits GPS sentences at a rate of 1 per second.  The GPS controller then reads these sentences from the UART buffer, parses the information accordingly and saves it for request by other systems.  Current attributes available for request are: time of fix, position, speed, course, and magnetic variation.  Because the GPS receiver immediately transmits data when powered up, the controller will lock in the bootloader, not allowing the program code to run.  To remedy this for bench testing, simply power on the microcontroller at least 3 seconds prior to the GPS receiver or don’t connect the GPS receiver until after the bootloader has exited.  When the code has been completed for this controller, the device should have the bootloader removed and have the final version of code uploaded using the STK500.

Included in the GPS receiver is a position smoothing algorithm.  This feature is selectable and may be turned on or off.  Currently the feature is off but tests should be run with it on to determine whether it is adequate enough or if a separate filter needs to be done in the controller’s software.

To access the GPS information from the controller, a master on the bus will send a character to the device that indicates what information to send on the next request.  Then when the master next sends a receive command, the information sent will be of the type just requested.  As with the compass controller, the GPS controller double buffers data that will be transmitted by the slave transmit service to ensure valid data.

4.3.3 Motor Controller

The motor controller is responsible for autonomous navigation and interfacing to the RobotEQ dual motor driver board.  The RobotEQ is a 60 amp dual motor driver with many convenient built in features.  Some of the more important features for this application are its ability to accept a forward/reverse vector and a desired turning vector for a tank style differential drive system, an automatic acceleration control, a current limiter, a watchdog timer and a RS232 interface.    

The RobotEQ can be setup with either its own software independent of the ASV or it can have individual parameters set by the motor controller using the RS232 connection.  Not all of the board’s options have been included in the motor controller’s command list but the ability to turn the watch dog timer on and off, set the current limiter and set the acceleration were included.  As with the GPS controller, the bootloader will have to be removed before the controller is integrated into the final system.  

The motor controller in addition to interfacing with the RobotEQ also interprets both the user’s manual and autonomous drive commands.  In manual mode the forwarded lateral and rotational throttle vectors from the communications controller are recognized as manual controls, interpreted and translated, and then passed on to the RobotEQ to drive the ASV.  Instructions are given as a percentage of throttle 0%-100% and are handled in real time.  Both commands are sent unless the heading control is on.  If the heading control is on, the turning vector will be overwritten to follow the heading that the ASV was at when the heading control was engaged.  The proportional gain controls how quickly the ASV reacts to track this course is easily changed from shore to simplify initial testing.  The unsigned char pGain is initially set to 4 during system initialization, but if increased will slow the ASV’s reaction, if decreased, it will increase the reaction.  pGain controls the heading control tracking gain and autonomous tracking gain.


[image: image70.emf]Autonomous 

mode on?

queryDelay = 

0

Get current 

position and 

calculate new 

heading

Increment 

queryDelay

yes

yes

no

Get current 

heading and 

calculate required 

turning vector

At the 

waypoint?

Set completeFlag 

and set motors to 

off

Clear 

completeFlag and 

set motors to full 

speed

yes

no

CompleteFlag 

true and 

messageFlag 

false

Send “complete” 

to the comm 

system and set 

messageFlag

Send the drive 

commands over 

rs232 to the 

roboteq

yes

no

Localbuffer

[0]

no

‘C’ ‘A’ ‘E’ ‘V’ ‘I’ ‘M’ ‘S’ default no no no no no no no

Clear 

automousFlag 

Process packet

Heading 

control on?

Get current 

heading and 

calculate required 

turning vector

Send the drive 

commands over 

rs232 to the 

roboteq

yes

yes

no

Set 

atuonomousFlag 

clear 

completeFlag and 

clear 

messageFlag

Process packet

Send voltage 

request to 

roboteq

Transfer received 

data to i2c 

transmitBuffer

yes yes

Send power 

request to 

roboteq

Transfer received 

data to i2c 

transmitBuffer

Send current 

request to 

roboteq

Transfer received 

data to i2c 

transmitBuffer

Send temp 

request to 

roboteq

Transfer received 

data to i2c 

transmitBuffer

yes yes yes

Localbuffer

[2}

‘I’ ‘A’ ‘H’ ‘G’

yes

no no no

Set current limit 

to value at 

localBuffer[4]

Set acceleration 

to value at 

localBuffer[4]

yes yes

Turn heading 

control on/off

yes

Localbuffer

[3}

yes

‘p’ ‘I’ ‘d’ no no

Set pGain to the 

value at 

localBuffer[5]

yes

Pause for 1ms

yes

yes yes

Initialize system

Copy received 

data into 

localBuffer

Return number of 

bytes transmitted

Slave transmit 

service

Slave receive 

service

Transmit contents 

in transmitBuffer

Figure 4.7 Motor Controller Block Diagram 

In autonomous mode, latitude and longitude coordinates are forwarded up from the communications controller and based on current location, control the RobotEQ to drive to the desired location.  When a new coordinate is received by the motor controller, the autonomous mode is automatically turned on and will stay on until manual mode is entered.  When autonomous mode is turned on, the coordinate entered is compared to the current position of the ASV, requested for and received from the GPS controller, and a needed heading is generated.  In each loop of the program, the current heading is compared to the desired heading, requested for and received from the compass controller, and a turning vector is generated and sent to the RobotEQ.  Once every 256 iterations of the program loop the current position is compared to the coordinate and a new desired heading is generated, this is done to compensate for any drift that may occur while operating.  

Currently the system is not set up to store a mission plan on board and relies on receiving one coordinate at a time.  Therefore, when the ASV arrives at its destination, it will send back a complete flag to the communications controller.  This will signal the shore that another instruction is needed, either a new coordinate or a science task.  The unit turns off the motors but is still in autonomous mode, therefore constantly polling current location.  If the boat drifts from our coordinate, the motors will be turned back on and a course will be followed to return to the coordinate where the motors will be shut off again.
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Figure 4.8 RobotEQ AX3500 [18]

4.4 Science Instrument Controller

This controller will be responsible for controlling the CTD and raising and lowering the winch.  Currently the only functionality this controller has is an open loop winch control because no science packages such as the CTD have been available to use.  The winch is controlled via an expansion board connected to port b.  Port bits 0 and 1 drive the winch up and down respectively.   There is a simple watchdog timer attached to these commands that will automatically stop the winch if no update command is received by the time the timer runs out.

The expansion board uses a SN75462 dual peripheral driver to drive the relays that control the winch motor.  The SN75462 uses a TTL NAND logic gate to activate a transistor used to drive the relays.  For this application the logic inputs have been tied together and it is being used as an inverter.  There is a three wire interface to the winch.  By connecting either the up or down control wire to a common, the winch will be activated respectively.  A schematic and board layout can be found in Appendix N.

4.5 Wireless Communication

There are two types of wireless communication systems between the ASV and shore.  One is a bi-directional data modem from Maxstream operating at 900 Mhz and the other is 2.4Ghz Analog video system from www.wirelessvideocameras.com for live video.  

4.5.1 Communications Controller 

The data modem is used to facilitate communications between the shore and the ASV.  One data modem is connected to the shore computer and the other to the communications controller, which serves as the spokesperson for the ASV. Any communication to or from shore comes through this controller.  Its primary functions are to receive incoming packets from either the shore or other controllers.  If the packet is from shore is will validate its check sum, acknowledge the received packet as valid or not, and forward the packet to the appropriate controller.  If the packet is received from another controller over the I2C bus, it will forward it to shore.  
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Figure 4.9 Communications Controller Block Diagram
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Figure 4.10: 9XTend-PKG-R™ 900 MHz RS-232/RS-485 RF Modem [19].
4.5.2 Video

The ASV is equipped with a wireless video camera from www.wirelessvideocameras.com for visual feedback when manually driving the ASV.  This camera is rated for a range of 2 miles and was built for this project by wirelessvideocameras.com.   It is completely plug and play and simply needs to be installed on the ASV.  The system is a one way system utilizing a transmitter and receiver.  The transmitter onboard the ASV is connected to a video camera.  The receiver on shore is connected to a video capture card that interfaces with the shore computer.

4.5.3 Camera Pan

This controller is responsible for driving the DC motor attached to the camera mast.  Currently the only functionality this controller has is an open loop control.  The motor is controlled via an expansion board connected to port b.  Port bits 0 and 1 control the motor with bit 0 selecting the winding polarity and bit 1 turning the motor on or off.   There is a simple watchdog timer attached to these commands that will automatically stop the motor if no update command is received by the time the timer runs out.

The expansion board uses a SN75462 dual peripheral driver to drive the relays that control the DC motor.  The SN75462 uses a TTL NAND logic gate to activate a transistor used to drive the relays.  For this application the logic inputs have been tied together and it is being used as an inverter.  A schematic and board layout can be found in Appendix N.
4.6 Shore to ASV Protocol

The protocol used to communicate between the shore and the ASV was modeled after GPS NMEA sentences.  The start byte is ‘$’ followed by the instruction type, then the instruction parameters separated by commas, then a ‘*’ as a stop byte followed by a generated XOR checksum and a carriage return and a line feed as a packet delimiter.  A full set of these commands is included in Appendix O.

This protocol is extremely simple with one command doing one task.  The types of commands include manual drive commands, autonomous coordinate uploading, query commands, parameter setting commands and instrument actuation commands.  

Every command received by the ASV is acknowledged with a validation of the checksum.  If the checksum matches ‘$+\r\n’ is returned, if it does not, ‘$-\r\n’ is returned.  Although there is some form of error checking, there currently isn’t any form of error correction such as CRC-16.  If a packet is received with a bad checksum, currently the system will still try to process the request.  This was done for development reasons but should be changed before system implementation by adding a simple condition statement. It should be noted that if the corrupted bits are in the packet start or stop delimiters, the packet will never be found and no acknowledgement sent. 

For most commands only an acknowledgement will be sent.  Only the query command will have a returned packet.  After the query acknowledgement, a properly formatted packet will follow it containing a header, command id, query type, query parameters, end byte, checksum and delimiter.  

Currently a format has not been decided to handle invalid commands or waypoint completion flags, simply “invalid\r\n” and “complete\r\n” are transmitted.

4.6 Electrical Hardware
To house the processor boards for the navigation and science instrument controllers, wafers were water jetted and inserted into clear plastic boats.  The boards were bolted onto the wafers and the box was sealed.  The hardware can be seen in Figure 4.11.
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Figure 4.11 Electrical Hardware

5.0 COMPUTER SYBSYSTEMS

5.1 Software System Requirements
The software component is responsible for communicating commands to the robot, and receiving status information and data from the robot to present to the user. Commands are generated by the software based on user actions, taken from the user interface – In other words, the user clicks on a button and the appropriate command for that action is generated by the system and transmitted to the robot, eliminating the need for validating an otherwise text command manually entered.

All commands sent to and received from the robot are stored in a relational database for fast and easy reporting – A researcher for instance may want to look at the set of data collected at a certain time of day, or look for abnormalities in the data, or data values in a particular range. Using a relational database with standard SQL query capabilities, will greatly facilitate such investigations. Using a relational database also enables the researchers to easily archive the data they don’t need, purge it, or modify the data that was incorrectly collected due to equipment malfunctions (e.g. not properly calibrated).

The primary objective of the software system was to deliver commands to the robot and to receive the collected data and status from the robot, in real time and accurately.

5.2 Real Time System Performance

For this project, we primarily focused on system requirements and performance to make sure that the system will be able to respond and act upon commands as they are issued. In other words, short of a custom developed real time Micro kernel, we made this system as responsive to real time commands and events as possible. We accomplished the real time performance by having active agents to constantly monitor the data ports where commands and data were exchanged with the robot.

After the installation and running a number of benchmarks and based on the Computer/Internet/Online industry growth, standards, and requirements, we found out that there was no overhead using an HTTP browser client instead of a TCP/IP based java application: Browsers such as Microsoft IE have been in development for over a decade and their code is highly optimized to exchange data over HTTP over TCP/IP.The HTTP optimization over TCP/IP was an industry focus for a number of years and we INSIST that the performance of our code was superior over previous Java implementations.

In a lab test observation (e.g. see Figure 1), an oscilloscope was attached to the Joystick on one side and to the robot on the other. With all the computers connected online (e.g. Internet) and the user computer connected wirelessly, the joystick command was received in under 90 ms.
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Figure 5.1 Dual Trace Oscilloscope Screen Capture

The data collection agent, is an interrupt driven software daemon. It goes to sleep when there is nothing to do, and is awakened when data arrives at the port and an event is generated. This agent has no user interface and its job is to basically read the data from the serial port sent by the robot, and write the user commands back to that port for the robot to execute.

The agent writes the data to the database “AFTER” it has sent it across the serial port to the robot. In other words, as soon as a command is issued, it is written to the port, heading for the robot and then recorded for future access.

The use of MYSQL database, specifically optimized to run in a minimal PC environment and highly suitable for this application that the volume of data exchanged does not exceed a few kilo bytes at a time, and substantially less than mega bytes throughout the day. The database similar to all other system resources, although multi-user, are used by only one user – Unless the database is being queried by another user, there is generally one connection open to the database. In our implementation, we keep the database connection open for as long as the application is running. We also never reset the cursor, the place holder. Writing data of this size, to this repository is similar to writing a block of data to the file system. In other words the use of the database does not tax the application performance.

5.3 Standard and High Performance Components

To focus our efforts on data collection, and data presentation and to allow for ubiquitous communication with the robot, and easy future extensions, and to have minimal impact on the budget, we used widely used open source software.

The project runs under Linux (e.g. because it is written in java, it may also rung under Linux, and connects to MySQL database through Tomcat, all widely used open source software. The commands are issued to the robot using the services of a browser, and the robot response, is also displayed in a browser.

5.4 Enhanced Debugging

Due to unavailability of the robot at all time, either due to logistics of having a robot/submarine/boat for every developer wherever they are, or simply because the robot may be under additional development, we enhanced the system with a debugging, no-robot feature that will simulate the interaction with the robot. 

Instead of an actual robot, a simple and small software agent readsand write to the serial port, displaying the commands received on that port, or transmitting data on that same serial port, as if it was sent by the robot, which in turn is picked up and displayed on the pilot’s console. 

5.5 Protocol
The data is repeatedly read from a serial port, specified in a properties file, with the following attributes:

•
Baud Rate: 9600

•
Handshaking: NO

•
Parity: NO

•
#ofBits: 8Bits

•
1 stop bit.

Every command to the robot is sent as simple text with an easily calculated checksum. All the data from the robot to the data collector is also sent using ASCII text.

The message body is between $ … and … * followed by a checksum, carriage return, and new line

The data is received in the following format. The ‘,’ are actually used as a delimiter to separate different data items:

For Update ( $?,(1)*CS/r/n 

$ Start of the message character

?: abbreviation for Update

The (1) is replaced by: 

E: Battery Voltage

V: Power Applied to Motors

I: Current Consumed by Motors

M: RobotEQ Temp

L: Latitude

l: Longitude 

T: Time

H: Heading

*: End of the message character

Checksum: the XOR of all the previous bytes, not including the comas.

# : Number of bytes sent <one byte long> including the comas, $?, *, and checksum itself.

Example for an heading update:  $?,H*CS/r/n
Commands are issued to the robot using similarly formatted commands. We currently support Manual, and Autonomous:

For Manual Drive ( $C,X,Y*CS/r/n
$ :Start of the message character

C : abbreviation for Manual

X: The target movement in the X-axis direction (on the scale of -127, 127)

Y: The target movement in the X-axis direction  (on the scale of -127, 127)

*: End of the message character

Checksum: the XOR of all the previous bytes, not including the comas.

# : Number of bytes sent <one byte long> including the comas, $C, *, and checksum itself.

Example: $C,127,-127*CS/r/n
Autonomous, is similar to Manual but a list of commands will be sent in sequence. It is a route and will be like:

For Autonomous  Drive(
$A,Longitude CoorDinates, Latitude Coordinate*CheckSum#
$ : Start of the message

A : abbreviation for Auto pilot

Longitude: The target longitude coordinate for the robot

Latitude: The target latitude coordinate for the robot

*: End of the message

Checksum: the XOR of all the previous bytes, not including the comas.

# : Number of bytes sent <one byte long> including the comas, $U, *, and checksum itself.

Example: $A,37231571,121950088*CS/r/n

For Camera Pan Adjustment ( $P,(1)*CS/r/n
$ Start of the message

$ P: abbreviation for camera adjustments

Replace (1) with:

-1:left

0:stop

+1:right

Example for moving the camera to the left: $P,-1*CS/r/n

5.6 Software Components

From the Computer Engineering perspective, it’s worthwhile to examine the procedure in terms of the steps that the user request has to go through until it’s handled by the computer hardware. 

The client application, rendering the robot status as well as providing the GUI for controlling the robot, is an applet running within common Web Browser. Once the browser is up, the user enters the server IP address and will be presented with the ASV data and control panels. 

The software subsystem is comprised of a number of components:

1. Browser

2. Applet responsible for handling keyboard and joystick events

3. Keyboard and Joystick Device Drivers

4. The Web Server responsible for honoring web requests

5. The Servlet/s responsible for sending and receiving information to the database

6. The SQL database for storing all the pertinent robot data and commands

7. Port agents responsible for receiving and sending information between the port on the other end of which the robot resides, and the database on the host machine. 

The original model was mostly comprised of:

Pilot((App(TCP/IP(RBNB(TCP/IP(ClientApp(Wireless/Wired(Robot

We modified this model, resorting to more standard ubiquitous technologies:

Pilot((Browser(HTTP(WebServer(HTTP(DataCollector(Wireless/Wired(Robot

Joystick
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Figure 5.2 Software Flow Chart

In a typical scenario, here is what takes place:
1. The user connects to the system via the browser.

2. The user enters a command, or requests for data, OR, the user intercepts a keyboard/joystick event to move the robot.

3. The command is communicated to the Web Server as a JSP request.

4. The web server  invokes the appropriate JSP script and executes the command.

5. The command execution is generally connecting to the database and looking up or writing data.

6. A Java agent that monitors the port, and the database, detects arrival of the new data and writes it to the port.

7. The port driver transmits the information (wireless?) and the robot receives the command.

8. The command is recognized and executed by the robot, and a resulting data, if needed, is sent back.

9. The port agent receives the data and writes it to the database.

10. If the user updates the screen, the new data, if qualified, will be sent to the browser and displayed.

Figure 2 is an actual screen capture of what the user sees using Microsoft IE. The status data as well as the collected data is displayed in the scroll box on the left, while the user commands are entered in the text box on the right. 

[image: image77.jpg]Fle Edt View Favortes Tools Help
{nis | Address 0 tg://127.0.0.1:8080 NetrlNew]main sp

Qoack - © @6 Pseach YrFovorkes @ B~ 5 B - RS

STATUS:

o o ein ey da ol ik b (S92





Figure 5.3 Sample Browser Screen

5.6.1 Browser

For this application a common, widely available browser is used. Both IE and Mozzila were tested successfully. 

A browser was used primarily to eliminate the need for any custom rendering engine, offering platform independence, and promoting communications via the most ubiquitous paradigm over the most common protocol known today, namely the Internet and HTTP over TCP/IP respectively. With browsers available on practically every computer nowadays, a rendering engine neither needs to be ported from a PC platform, to a Macintosh, or a Solaris/Linux computer nor does it need to be installed. Further more, browsers are the most mature programs available today, with native support for graphics, available tools for custom page designs, and above all, support for extensions such as Plugins and Applets.

5.6.2 Applet

An applet, downloaded from the server upon connection to the web server, was used for ASV to enhance the services of a browser.

Although browsers have a great list of features, already configured in, this application needed support for Joystick events for guiding the robot. Furthermore, the Keyboard events are generally configured for entering text, or, in case of using the arrow keys, to scroll the screen up and down, or to the left and right. 

A different configuration was needed to

1. Understand and handle JoyStick events

2. To handle the Keyboard events differently and similar to a joystick, treat them as navigational commands and not for scrolling the screen.

A Java applet was developed to do exactly that. The greatest challenge was because the applet needed to intercept the local device events, it was in violation of the inherent security features of a browser: The browser was not allowing for the applet to eavesdrop of these events to handle them. This is in fact a common problem: Applets are always downloaded to the browser from a website and a web server. An applet, can then be the agent for that site. In most cases, applets are safe and perform the function they are designed to do such as graphical renditions, or access to a remote database for dynamic pages, etc. Unfortunately, applets can also be harmful either as spyware and reporting local computer statistics to a remote computer, or, a virus and causing irreparable damage, even a Trojan horse for releasing access to specific ports for a later attack. From the early on, all loaded browser components, plugins and applets as well as JavaScripts, were restricted from having access to local computer resources. In other words, an applet either has all the information it needs to perform its task, or if it needs local information, it needs to be a privileged (e.g. Signed) application to be able to even read a local file.

In this design we encountered this difficulty and consistent with all other applet designs, we solved the problem by having the applet to self sign a certificate with the local system to have the applet sign in.

In the future, the applet can interact with the user in a dialog box, asking the user if the applet is allowed to access the local resource, namely the JoyStick buffer and events. If the user clicks on OK, then the applet will be allowed to inspect the JoyStick events, otherwise, the applet will be restricted from accessing the joystick and any other events generated on that system.

5.6.3 Keyboard and Joystick Device Drivers

A standard Keyboard driver was used to communicate keyboard strokes to the applet, which runs in the browser. These events had to be intercepted to prevent the browser from handling them. 

Similarly, the joystick driver is a complex driver and handles all the Joystick events. However, a java layer had to be written to connect to the DLL not only as a software liaison to the applet, but also to support some of the requirements such as the range of numbers (e.g. joystick positions) that were required for this project. 

Additionally, special attention had to be paid to when the joystick is an extreme limit (e.g. All the way to the left, or all the way to the top) and at the end of a range of figure, and how the applet was to handle it.

We developed a Java layer that intercepts all joystick events. This is the layer that the applet knows how to connect to and receive the joystick events.

5.6.4 Web Server

When a request arrives from the browser, a web server is needed to honor the request. For this project Apache Web Server was used.

Aside from high availability for installation on any system, Apache is the most widely used web server in the world. Although a great number of features of this server were not needed for this application, they did not increase the footprint of the application and did not affect the resource requirements. In other words, only features that are needed for this application which is basic web servicing and servlet connectivity were used. Another  reason to use Apache was because also Apache is the most mature web server that is available and the easiest to install.

Available for free download from any open source site with no constraints, commercial quality features and services, global and cost free support through different forums, BLOGS, and a variety of distributions lists made this server the leading candidate for this project.

5.6.5 Servlet/JSP

Servlets are server side extensions – A typical web server knows how to execute static commands by just looking up a file and sending it across the web to the requesting browser, or, executes local programs and transmits the results of the execution of these programs back to the browser. A highly popular extension to Web Servers were CGI (Common Gateway Interface) which are still in wide use and still suffer performance issues and scalability. We used Servlet extensions, a more modern variation of the CGI which not only solves the basic CGI problems, it also offers a great degree of flexibility and freedom to generate dynamic pages, the back bone of the ASV software system.

The servlets in this application are all written in JSP, Java Server Pages. When a request arrives, the appropriate JSP is invoked. Most requests from the user are commands to direct the robot, or, a request to refresh the collected data.

The request for collected data is resolved locally: The JSP connects to the database and fetches the requested range of data, formats it, and sends it to the user.

The request for sending a command arrives at the server and the responsible JSP, first writes the command to the serial port using the Java Serial Port API, as well as writing that same data to the database for future references.

Also using the Java Serial Port API, the agent is listening to the port, awaiting any data from the robot. As soon the data is arrived, it is recorded to the SQL database.

5.6.6 SQL Database

This application uses MySQL, currently the most widely used database in the world. Although some of the features of MySQL, particularly transaction handling, are lagging behind other databases such as Oracle or SQL Server, this application did not need those features anyway.

Aside from the price (e.g. MySQL is open source and free), global support (e.g. a great number of BLOGS, distribution lists, discussion groups, etc.), MySQL is extremely easy to install, and similar to the web server and the servlet engine, available on a large number of platforms from Windows and MACs, to Solaris and Linux.

The database is data repository to store all the commands that are issued to the robot, as well as recording all the collected data that is received from the robot.

The intention behind using a SQL DBMS was reporting and selective data capability, which we thought was needed for this project. Since all the data is stored in this relational database, the user can directly access the database at a later time to query specific range of data, specific range of values, or specific days and times, etc.

5.6.7 Serial Port Listeners

A listening agent, built using Java Serial port API, is listening to the serial port at all time, awaiting data from the robot. As soon as the data is detected, it is written to the database.

For writing the data to the serial port, the JSP code utilizes the Java Serial port API and writes to the serial port directly.

As soon as a requests arrives from the user, the Web Server receives it and invokes the appropriate JSP. The JSP immediately writes the received data to the serial port and then writes that same data to the database.

The responsibility to parse and scan the received commands from the user, or the received data from the robot, is left to the robot and the user respectively. In other words these agents make no effort to alter these commands and they send them across, as they arrive.

5.7 System Structure

Operating Systems View

The interaction procedure between the off-board computer and the autonomous surface vessel can be described in six stages: 

· The user interface was initialized by the user

· The desired data containing the waypoints was inputted.  

· Upon receiving the waypoints, the user interface started interacting with the boat in order to receive the GPS data.  

· The boat, then, started sending back real-time data, including latitude and longitude positions, to the computer.  

· Once the boat finished navigating the pre-set mission, it sent an archive of remaining data to the computer.  

· The data was then stored on a file as archive information.

From the Computer Engineering perspective, it was worthwhile to examine the procedure in terms of how the user request reached the hardware (kernel), and how the hardware responded to the user’s request.  The steps started with a user request (an input) to the application software (or interface).  Once the application software received the request, it transferred it to the Operating System (OS) level, which then passed the Hardware instructions to the computer hardware.  The hardware configured the results and processed them back into the Operating Systems level.  That was where the service response was established and transferred to the application interface level, which ultimately built the user-friendly output and delivered it to the user.

The OS level just mentioned as one of the interacting layers was broken into detailed levels as well.  These levels included: 

1) Device-independent operating system software, 

2) Device Drivers, 

3) Interrupt Handlers and 

4) Hardware.  

The request/response procedure was laid out in OS level details: 

When the user made the navigation request, the request went through certain layers of the I/O (Input/Output) software; these layers were, respectively (from surface to the User Space), Device-independent operating system software, Device Drivers, Interrupt Handlers and finally Hardware.  (Process Path: User Processes(Device Independent I/O software(Device Drivers(Hardware).  After the device driver chose the device to take the request and the hardware was acknowledged, the I/O reply went through almost the reverse steps to send the reply back to the user. (Process Path: Hardware(Interrupt Handlers( Device Drivers(Device-Independent Software(User Processes).

5.8 Data Access

We considered two methods to receive GPS data from the boat at the on-shore computer.   The trade-off analysis and final solution have been described.  The main concerns with the data access were accessibility, speed and the quality of the data received.  The two design solutions were a RBNB channel and a MySQL server.

Design Solutions

Subscription to an RBNB channel-When the operator on the on-shore computer made (subscribed) a request for GPS data being transferred from the controller on the boat, the boat created a channel.  This channel was transferred to the Ring-Buffered Bus Network (RBNB) located between the on-shore computer and the channel (via wireless connection).  The data was then passed to the mapping interface on the computer.
The advantage of subscribing to an RBNB channel was that random access to data was enabled due to the RBNB Ring Buffered nature; whereas an ordinary network bus provided only in-order access of data through the bus and did not allow unwanted data to be discarded.  In other words, everything had to pass through the bus to get into the computer.  

However, with a RBNB, random data could have been “picked” from any point on the ring structure, which made it faster and more efficient to grab the needed data and made it easier to discard information that was not helpful – in terms of establishing the waypoints.

Access data through MySQL server connection-Accessing data was accomplished through a connection to a MySQL database.  Access required the database name, the table name and type of data that needed to be received, and the Internet Provider (IP) address of the remote computer that contained the database.  Only when all of the parameters’ names were correct was the connection made\

Advantages of receiving data from a MySQL database was the server’s speed and small size.  Also, there was very little chance of the system crashing due to MySQL’s capability to handle large databases on any operating system with enough Random Access Memory (RAM) and sufficient disk space.  In other words, the database worked well with a wide variety of computers and did not require a dedicated system.

However, a disadvantage was that despite its speed and efficiency it stores all the data on a MySQL table.  This did not allow the user to throw away unwanted data and only receive the needed data.  Disposal of unwanted data was only possible through explicitly deleting an element on the database table, a programmer-level action and not something the user would have been advised to do.

Final Design:

For our project, the content of the data received had a higher priority than how fast we received it.  A speedy data transfer made it easier for the user and decreased the time it took for the mission to finish.  However, if we didn’t get the right format of data that was relevant to the waypoint structure (latitude and longitude coordinates) there was more overhead in trying to discard them once they entered the computer.  Therefore, we decided that subscription to an RBNB channel was more efficient, allowed data picking from anywhere in the network bus, and removed unwanted data confrontation.

5.9 Data Analysis

The issue of analyzing data came into play once the data had been transferred from the boat to the map interface.  Data analysis dealt with how the computer handled the received data.  Once the GPS data was received by the computer, the computer interface needed to display it on the interface and also store it on the computer.  After the user subscribed a request and the GPS channel was formed, data was stored on a GPS mission file that could be accessed by the map interface.  The design solutions for the data handling and storage were Single-file Data Storage and Multiple-Files Data Storage.

Design Solutions:

Single-file data storage-Once the mission-gathered data was displayed through a mission file, it was stored on one log file to keep track of the mission history.  At the end of the mission, this file contained coordinates of a combination of ordinary points and interesting landmarks.  Advantages from the Operating System’s perspective:  The file was stored on contiguous memory bytes, meaning high access speed and small memory usage. Also, there was little overhead in performing file functions such as “open” and “close”, because there was only one file.  One disadvantage of having one storage file was that the file was increasing in size as the mission proceeded, making it harder to browse through the file in order to edit or remove a certain point.  When the mission was finished it would have been hard to look through the file and tell which waypoints were passed, for example, without an in-depth analysis.

Multiple-files data storage- This approach was very similar to the previous one, only multiple files were generated to organize data by different types of points.  For instance, one file was generated to store data on all GPS data stream, and another file was used to save data on all the waypoints that included interesting landmarks (this file was preferred to be the map file which contained information on map size as well.)  An advantage with multiple storage files was easier access of data by the map interface due to the organization system.  Therefore, retrieving points in specific files can be performed quickly.  Also, this approach makes it easier for the user to toggle “on” or “off” landmark points.  A disadvantage of this method was increased CPU usage. 

Final Design:

Looking at these two approaches and considering the interface’s functionality, it was concluded that a speedy and well-functioned operating system was not as important as the user convenience.  At the same time, using a huge text file containing information about all points might have been too large and refused by the computer.  Since the flexibility of the program and the convenience in using it was important, second approach was chosen.  

Implementation:

The entire stream of data coming from the boat was saved on a text file, the landmarks on a separate “map info” file, and the latitude and longitude scales and origins for each map on the “mission” file.  The data was stored on multiple files which were renewed (edited) every time a new mission took place.  Also, a new map info file was generated each time a new map was used for the application.
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Figure 5.4 Screen Shot of Navigation Map

5.10 Map Structure

The map interface was used to define the pre-set mission for the boat.  When the user clicked on the map, the mission plan appeared, graphically, as well as the real-time GPS update from the vessel.  In order to have the map interface up and running, there were a few requirements that needed to be met.

In order to receive GPS data, the user needed to subscribe to an RBNB channel, as described in the Chapter 5.4.  In order to subscribe to a specific RBNB channel, the user needed to make a specific request to the channel; in this case it was a GPS request.  The channel then connected to the boat via wireless connection, which enabled the boat to send back data streams containing latitude and longitude values to the user.  Once these streams reached the on-shore computer, they were stored in a mission file.  The map interface read these values from the mission file as they came in and plotted them on the map.  Therefore, during a mission the user was able to see a full trail of the GPS data stream plotted on the map and stored in a file.

The landmarks of the mission were stored in a separate file containing other information about the map.  The specified landmarks were filed after the map information.  The interface could then have read the landmark values from the file and displayed them on the map, if the user specified, right before the map GUI was launched.  The file which containing the generic map information was generated every time a new map (image) was used by the application.  The user was also able to define new maps to the interface each time they decided to launch the program.  The coordinate frames for each new map were specified in a mission file and read when calculating latitude and longitude values for a pixel point on the map.  In this way, the map interface could be used for other locations.  Also, the information regarding the previously defined maps was archived and could be referenced.  By setting up the map interface this way, the user could view a previously-used navigation plan and coordinate the new navigation plan around this information.
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Figure 5.5 Navigation Map for GUI

6.0 PATENT SEARCH

In order to maintain the proper draft and stay level in rough seas it is necessary to develop an active ballast and trim system.  This will allow the boat to compensate to any changes in mid-mission without returning to the dock for manual ballast or trim adjustments

6.1 Motivation
The current SWATH design relies on the two submerged hulls to displace all the water required to create enough buoyancy to support the vessel.  While the vertical struts can also displace some water the relative percentage for The WASP is relatively low (about 6% or 50 lbs when completely submerged).

The reason an active ballast system is needed is primarily to compensate for the deployment and retrieval of the instrument package.  In air, the package weighs about 44 pounds, however in water it only weighs about 36 pounds.  This alone is enough to change the draft by 2.8 inches.  The instrument cable weighs about 45 pounds in on the deck, but when fully deployed it only weights about 13 pounds in the water.  The total difference when deployed is 40 pounds, enough to change the draft almost the full length of the struts.  

If the boat were riding with the main deck only one inch above the surface, assume a very calm day, when fully deployed, the pontoons would be less than an inch below the surface.  While this will not cause the boat to sink, it does defeat the purpose of the SWATH design, which is intended to reduce boat motion by decoupling the vessel from the wave motion.  If the hulls ride this close to the surface it will be highly effected by the waves especially so when the instruments are deployed.
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Figure 6.1 Ride Height (no active ballast)

Figure 6.2 Ride Height (no active ballast)
(Instruments not deployed) 


(Instruments deployed)

While this will not cause the boat to sink, it does defeat the purpose of the SWATH design, which is intended to reduce boat motion by decoupling the vessel from the wave motion.  If the hulls ride this close to the surface it will be highly effected by the waves especially so when the instruments are deployed.

By controlling the flow of water in and out of compartments within the submerged hulls, weight can be added in small increments to adjust the ride height or draft of the vessel.  This will allow for continuous adjustment, as the instrument package is deployed and retrieved.
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Figure 6.3 Ride Height (with active ballast) 

Figure 6.4 Ride Height (with active ballast)

(Instruments not deployed)


(Instruments deployed)
 The trim is an important part of the system.  Many times a strong wind or pounding waves can cause a boat to tilt.  By placing the ballast compartment in the extreme corners of the vessel (i.e. the front and back of each of the hulls) and running each independently, ballast can be added to one side or even one corner of the boat to compensate for any forces that may cause it to tilt

6.2 System Overview

The compartments are located in the aft and stern of each hull, creating the most effective trim compensation.  They will be water tight except for three holes; one to let water in, one to pump water out, and a valve to let air in or out.  There are two main subsystems of the active ballast and trim system; letting water in and pumping water out.  

In order to let the water in an electronically controlled solenoid valve is used.  By opening the valve, the outside pressure will force water into the chamber displacing the air, which will exit through the air valve.  This will decrease the hull’s displacement, lowering the buoyant force, and increasing the draft.  Each of the valves will be operated independently to adjust trim.
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Figure 6.5 Active Ballast Container Block Diagram
In order to pump water out, a small bilge pump is utilized.  By pushing the water out through a check valve the water can not flow back in through the pump.  Air will enter back into the chamber through the air valve.

6.3 Patent Classification

Class 114 
Ships

Sub-class 125 Water tanks – Devices in which ballasting is secured by water tanks adapted to be filled or emptied, thereby distributing weight, which steadies and trims the vessel in sailing, etc.

6.4 Prior Art

Much of the prior art is focused on mono-hull and standard type boats.  

The First prior art is the SWAP (Small Water-plane Area Platform) type floating platforms US patent 4,864,958 by Belinsky  on September 12, 1989.  The object of the invention is to improve stability of floating platforms (ships) during the high seas and to enable them to automatically keep the platform (ship) from listing.  Application of this invention were seen for floating drilling platforms, passenger ships, crane ships, floating terminals, SWATH-type ships, etc.  Belinsky’s invention relied on a cylinder and piston device to change the actual volume of water displaced.

On April 13, 1976, in United States Patent 3,949,693 Bauer designed a Partially submerged floating platform utilizing a polygonal, submerged body.  Constructed from concentric pipe sections, the space between each two concentric pipes is could be used for storage as well as ballast tanks. Columns also constructed as upright concentric pipes extend from the submerged float to carry the main platform e.g. a drilling derrick. 

Both US Patent 4,174,671 (November 20, 1979, Seidl) and US Patent 6,260,502 (July 17, 2001, Kratz) describe designs for Semi-submersible Vessels.  The former describes a marine vessel, which comprises a platform member with two parallel hulls submerged below the water when the ship is in operation.  Each of the hulls consists of an after section, a forward section having a smaller cross-sectional area than the after section and a central section having a cross-sectional area substantially smaller than that of the forward section.  Both forward sections and both after sections are joined to the platform member by strut-like members which are tapered so that their water-plane areas increase rapidly between the waterline and their junctions with the platform member. 

The latter of the two goes into more detail, including improved elliptically shaped columns, haunch supports and reinforcing members provide stability and resist transverse forces.  A skirt design increases stability at the transition point.  Improved deck designs reduce environmental impacts and provide additional support against transverse forces.

Other related patents and complete patent files can be found in Appendix M.

6.5 Conclusion

Due to the extremely large quantity of prior art in the topic area (over 1400 pieces) it is difficult to say if this particular design is patentable.  While there are similar types of ballast systems for other ships, most of the ballast systems for SWATH type ships had deformable displacement tanks.  It is almost certain that this has never been done for a boat of this scale, as it is by far the smallest ever built.  It would seam that the idea is too similar to devices used on mono-hull and other ships to be patentable. 

7.0 ENGINEERING STANDARDS AND CONSTRAINTS

7.1 Sustainability

The word “sustainable” is used in two ways in the Engineering Handbook [REF].  The first way it is used refers to “sustainable communities,” which is a community that uses the resources available to it to meet the needs of the community while at the same time ensuring that future generations will be able to meet their needs as well.  The second way it is used refers to “sustainable engineering;” this refers to the process of developing engineering devices, products, and systems that will be used in sustainable communities.  Although the team has made use of materials that use non-sustainable resources, the materials that have been used should not create waste in any way such that they contaminate the environment.  By limiting pollution the team has ensured that they are not going to harm the environment for future generations.  And although they could have used solar power to power their vehicle, in order to ensure that they used sustainable resources to the best of their abilities, it was not a practical application for their endeavor because they simply did not have the funds to make use of solar energy; nor is solar technology advanced enough to make it a practical source of energy (technology has not yet sufficiently harnessed the capabilities of solar power to justify the investment).  Because of these reasons the team used batteries, but they left the door open for the addition of a generator.  In designing the ASV the team tried to minimize the amount of materials used, minimize energy consumed, pollute very little (if at all), and make sure that it failed very rarely (if at all).  They designed the ASV so that it could be updated and upgraded easily.  By doing these things they worked with the idea of “sustainable engineering” in mind.

7.2 Usability

The ASV should be easy to learn how to use, effective and efficient in its tasks, relatively free of failures, satisfying to use, and sustainable.  The team understood that the customer, University of Alaska, wanted the ASV to take very technical readings of the environment, both above and below the surface of the water, and relay them back to an onshore computer.  The ASV had to be very easy to use and maintain; they also assumed that the user will have limited engineering training, if any, so they designed the ASV with these things in mind.  An example of this is seen in the Graphical User Interface (GUI), it has been designed with simple “point – and – click” operation in mind.

7.3 Health and Safety

A product may fail because of any one of five reasons – material failure, poor design, environmental effects, human error, or a combination of the other four.  One way to minimize material failure is to adequately research all material specs as they pertain to the customer’s environment.  In addition to in depth research, extensive testing must also be completed.  Unfortunately, environmental effects are nearly impossible to test for especially because of the drastic differences between Alaska and California, and because environmental affects will only come to light over extended periods of time.  The best the team could offer was to make sure that the ASV was suitable for salt water use, and that the materials and components used were rated for the temperature ranges that exists in the Kasitsna Bay area.  By designing a robust ASV, designing an easy-to-use and understand GUI, by documenting the entire project thoroughly, by authoring a concise user’s manual, and with thorough user training, the team hoped to combat most foreseeable human error.  It is obvious that in order for the ASV to perform reliably and safely over time the team must develop and implement thorough and effective methods of testing.

7.4 Environmental Impact:

The first thing that the team had to keep in mind when designing and manufacturing the ASV was that its purpose was to take environmental readings of a protected bay in an isolated part of Alaska.  Kasitsna Bay, and the surrounding area, contains many aspects of life that are very important, very interesting, and very rare.  Marine biologists at the University of Alaska have realized the importance of the Kasitsna Bay area and have invested large amounts of money to the study of the area, including a multi-million dollar research center and the funding for the ASV.  Because of these reasons, the ASV needed to collect data from the environment without altering the environment through pollution, or any other ways.

7.5 Social

Engineers exist for the purpose of bettering life.  One way that life can be made better is through education.  This is precisely the reasoning behind the ASV.  In building the ASV with the capability of taking environmental readings via certain instrumentation packages (i.e. CTD – Conductivity, Temperature, and Depth), we are aiding in the education of marine biologists studying the Kasitsna Bay area.  Without this ASV, or a comparable vehicle, it would be extremely difficult and time consuming to take the same measurements over such a wide area as desired by the University of Alaska.

7.6 Manufacturability

When designing a product for a customer, or a given market of customers, engineers must design for manufacturability (commonly referred to as DFM).  This means that the product must be designed in such a way that it can be manufactured efficiently, reliably and within acceptable costs.  In the case of the ASV, DFM was not a concern.  The ASV is a custom product, not intended for mass production.  However, when designing the ASV, the team did have to keep in mind the eventual transport of the product to the customer in remote Alaska.  Because of that, the team designed a modular product.  All electrical components have been distributed in wafer boats.  The wafer boats provided both a waterproof enclosure for the components, made them very accessible, and allowed for secure transport.  The platform of the ASV could also be dismantled for relatively easy transport – this includes removing such things as the winch and battery charger.  Keeping with the theme of modularity, the pontoons have been designed so that the main portion, 8 feet in length, can fit into a 757 cargo container and the end caps can be easily attached.  In addition to designing the ASV around modularity, in order to increase reliability and ensure good connections, the team had all their circuit boards fabricated.

7.7 Ethics

Everyone faces a question of ethics whenever faced with an issue of right and wrong.  The ASV team, however, had to worry very little about ethics when designing the ASV.  The team’s only encounter with the idea of ethics was noticeable in the research phase.  When researching sources of energy, to power the ASV, the team had a multitude of options.  They settled on four, six-volt 370AH batteries, and decided to build a custom enclosure for the batteries.  The custom enclosure allowed air to get to the batteries to allow the batteries to vent during charging, and also prevented them from accidentally spilling and polluting the water.  The team could have chosen cheaper and more cost effective sources of energy, but ethically they knew that it was wrong to employ such sources of energy because of the risk of pollution.

7.8 Political Matters

Engineers often are the first to recognize design problems, and they carry an obligation to inform the community of the situation.  The obligation arises from the inherent moral right of an individual or community to knowledge of matters that are of concern to its health, safety, and well-being.  These issues relate back with ethics.  If the team at any point ever thought that their ASV was at risk for problems that would infringe on public health, safety, or well-being they would have been obligated to inform the customer, and/or the public, or simply change their design; this was never an issue, however.

7.9 Economic

Immediate thoughts towards economics drift towards two aspects:  build cost, and cost of ownership/operation.  The team was fortunate in that we had $2950 donated to the project, this was primarily in the form of free products such as the PVC pipe that the pontoons were constructed from and the honeycomb aluminum that the structure was made of.  Out of pocket expenses, which were paid from a variety of sources totaled $14,820.  See Appendix I for a complete budget and the Acknowledgments for a list of donors and contributors to the ASV.  Cost of ownership of the ASV will include obvious maintenance costs, such as new batteries, fuel for the future generator, upkeep of an adequate on-shore computer, and costs such as storage, transportation, and docking/deploying related expenses.

7.10 Compassion

Compassion happens when we observe that people are suffering, and when we do what we can to alleviate that suffering.  If the second part is not there we might call it sympathy or perhaps pity, but not compassion.  The ASV was designed for the purpose of aiding in the collection of scientific data, not to alleviate suffering; so compassion was not an aspect that drove the design of the ASV.

7.11 Lifelong Learning
To be a successful lifelong learner you must have a motivation to learn and the tools or methods to facilitate that learning.  The ASV was designed to be one of those tools to facilitate that learning; a tool that was new and innovative.

8.0 CONCLUSION

8.1 Evaluation of Design
The design changed throughout the year and we’re confident in our final design: the SWATH.  Because the flotation system is submerged, the change in water height does not affect the stability of the boat as drastically.  The amplitude of the oscillation of the depth of the instruments is also dampened and the thrusters are constantly submerged.  The use of the honeycomb aluminum kept the structure strong and light.  Also, by mounting all components onto plastic grating, there is a large amount of adjustability in placement.  The use of Atmels will prove easy to learn and continue working with.  By using basic languages like Java, the software is easy to adjust if any project specifications are changed and it is compatible with most computers.

8.2 Future Work

Although we accomplished most of the objectives set forth, there is still more to do to meet the complete requirements of the customer.  For the mechanical subsystems, a dynamic ballast system should be added.  Our idea is that there are sections in the pontoons that contain several pumps that can control the amount of water contained in that section.  This allows the ASV to remain more stable in rougher sea conditions.  Also, testing of the system in an ocean environment or a simulated environment is needed to determine the reaction of the vessel to waves.  There have been numerous miscalculations with resonance and a similar reaction to waves would prove detrimental.  

Although we estimate the batteries on board will give the required amount of hours of operation, a generator system should be considered.  We anticipate that the scope of the project will increase and with it, an increase in the length of time the ASV will be operational.  The generator will add more hours and enable that requirement to be fulfilled without changing the power subsystem.  

In order to deploy instruments, three conditions must be fulfilled.  First, the wheel that guides the tether from the level wind to the instruments and keeps a safe radius of curvature needs to be fabricated and mounted.  This wheel will need to drop the instruments through the center of the ASV and ensure that the instruments rise completely out of the water.  The second wheel needs to be attached to the level wind to keep the tether from rubbing against rough edges.  Because the edge of the winch is close to the entrance of the instruments, the first wheel needs to be mounted at a steeper angle than optimal.  A problem arises when the tether tends to rub against the locking mechanism of the level wind.  The second condition that must be fulfilled is a protective cage for multiple instruments.  This cage should be light yet strong in order to protect instruments in case they come in contact with a hard object, yet light enough to not create an unbearable load on the tether.  The cage must support the various instruments that the scientists require and should be designed for easy removal and installation of new instruments in the case of repairs or upgrades.  Finally, a guide for the instruments is desired for periods when the instruments are retracted and the boat is in motion.  The instruments will tend to sway in windy conditions, with swells or waves, and with general motion.  This guide will reduce stressing the tether and reduce error in the deployment of instruments.
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