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MAUV MBARI Autonomous Underwater Vehicle

1. Statement of the problem 

Oceanographic Science is limited in the ability to understand the processes and cycles of the oceans in a temporal and spatial way. All of the science currently done at MBARI either addresses time or space (sometimes neither) but not both.

1.1 Why it is important

Science has stated that our understanding of the ocean and the associated processes, functions and life cycles will not be complete until long term observations can be done over large areas. Three quarters of the Earth’s surface is water and we can only sample on a random and spot basis. Science is unable to predict behaviors and make conclusive statements because of this lack in access.

1.2  Present State of the Art

Currently several national institutions and a variety of nations are supporting AUV programs. A large variety of forms and capabilities have come about.  Due to power and other technical limitations vehicle progress has been slow to date. Additionally all AUV’s are currently mission specific and have little capability of mission modification even when re-configured. The state of the art is beginning to move ahead in the area of pressure tolerant fuel cells. A few AUV’s are now commercially available and beginning to show reliability and mission readiness features. Interfacing and personnel required to launch and recover are still unacceptable. MBARI has already started looking into non-contact power and data transfer technologies.

1.3 How it relates/contributes to MBARI’s mission and strategic plan

The AUV project is relevant to MBARI’ mission in a variety of manners. This technology is enabling for ocean bottom observatories to fill in the gaps between stations. MBARI also has several instruments coming from the current projects that could benefit from the use of a platform which is capable of running preprogrammed paths, Genosensor being one of them. This project is also in an area that MBARI can make significant contribution to the existing technology. Making these technology advances available for science at MBARI and elsewhere is part of the MBARI charter.

2. Approach to the problem

This proposal outlines a multi-year project with the eventual delivery of an AUV system providing flexibility, power management and data telemetry to support a wide variety of oceanographic scientific interests in the Monterey Bay or around the world.  Several options are presented in this proposal which may modify this plan

To address the problems brought about with entering into the AUV field for operations and science three approaches will be run as simultaneous activities of the MAUV program. The first portion of this approach is to team with a national leader on an advanced AUV system. The second portion is to purchase a current AUV system (the best compromise between performance and cost) and begin optimizing the interfaces and operational aspects. The final portion of the approach is to draw on AUV work already  done and the continuing efforts here at MBARI. 

2.1.  New AUV System overview and plan

The system design of the new AUV will be determined in a joint effort between MBARI and MIT. MIT has been funded to create a new long endurance AUV for the National Ocean Partnership Program (NOPP) and has asked MBARI Research and Development to consider collaboration on this project. The extent, determination of responsibilities and deliverables is yet to be decided. The beginning phase for brainstorming this new vehicle starts in the third week of June 1997. Based on the progress of this and subsequent meetings a detail program will be planned for a multi-year collaboration with MIT.  

The basis for this new vehicle is long duration operations. The goal is to substantially improve the power density of the design and also the efficiency of power consumption. The idea is to integrate the latest is power saving technology with the most compact power sources. Some of portions of the NOPP requirements will not be applicable to MBARI, however the intended flexibility of the system and the ambitious schedule lead to the vehicle being a fairly simple and straight forward design. Jim Bellingham of MIT has been successful in this kind of vehicle architecture previously with Odyssey. This technical approach lends itself to reducing overall complexity and lower system costs while performance should be enhanced. These goals are identical to those of MBARI. Once the core system is completed, we will be able to reconfigure and adapt it to other AUV missions and tasks. Details for most elements of this project phase will be a function of the decisions made early in the system engineering effort with MIT.

2.2.  Operational Project plan

Purchase of off-the-shelf technology is intended to accomplish two things. First, to begin advance designs and system upgrades of an existing unit which can be tested for effectiveness. The intention is to mitigate any need for a prototype phase in the design of a new AUV by using an existing platform. Secondly, to gain operational experience on science missions and engineering experiments. This allows us to understand the overall requirements of running AUV systems and establish the infrastructure to support AUV operations in the future. This method was employed by MBARI with the ROV’s and proved to be invaluable. MBARI is the preeminent operator of Remotely Operated Vehicles for science. The high reliability of the new ROV design (Tiburon) is directly traceable to operational experience we incorporated in the advanced design.  The approach of gaining experience and applying it promptly has proven worthwhile. This model was very successful here at MBARI and did a great job of introducing ROV’s to the science community.

Several AUV’s are available for off-the-shelf purchase. A variety of educational institutions and industrial manufacturers are offering turn-key systems. The down selection and recommendation of a system will take place during the 1997 AUV feasibility study.  A leading candidate is the MIT Odyssey vehicle. It has some severe limitations but it is also relatively in expensive, easily modified, the size is a great benefit for saving on manpower and ship time. It also has the added benefit of being a good hydrodynamic shape. One of the early plans is to develop a variable buoyancy system for AUV’s which would greatly enhance the controllability of Odyssey and establish a baseline of power savings. The basic philosophy is to do as much as possible with the minimum and use creative methods to accomplish science goals that would otherwise be high cost. 

The variable ballast system will be designed around the geometry and form factor and propulsion system of the vehicle purchased. The design will be as simple and robust as possible to facilitate the addition of ballast/deballast capabilities without incurring large costs and/or possible hazards such as losing a permanently ballasted vehicle. 

The ballast amount will be on the order of +/- 10 lb and will include an acoustic and/or mechanical (i.e. magnesium) fuse to ensure recovery in the event of a failure in the ballasting system. A simple displaced volume system may be used due to simplicity of the design incorporating the use of many off the shelf items with proven workmanship. A very small compressed air bottle and a ballast bottle with the proper plumbing and valves could provide such a system. A rough estimate of the costs for such a system is as follows:

1) Analysis of the ballast system requirements for the AUV purchased (80 hours)

a) Amount of space available for ballast system

b) Effect of additional weight and size (i.e., syntactic foam required, new resulting form factor, additional structural rigidity required, etc.)

c) Hydrodynamic behavior of a ballasted / unballasted vehicle

d) Effect of adding new materials to the AUV (galvanic corrosion, reduced signal strength, etc.)

2) Resulting specification for ballast system including (60 hours)

a) Materials to be used

b) Maximum package size and weight

c) Maximum ballast/deballast capability

d) Failure analysis

e) Method to be used for emergency recovery

f) Review of specification by AUV team 

3) Conceptual design of ballast system including: (152 hours total)

a) Overall assembly drawings of AUV showing incorporation of ballast system (24 hours) and resulting CB and CG

b) Concept drawing of ballast system (24 hours)

c) Initial design calculations for drag, strength, buoyancy, trim, pressure  and ballast rate (24 hours)

d) Material compatibility study to address potential problems and the proposed solutions. (16 hours)

e) Estimate of material and fabrication costs and a timeline (24 hours)

f) Review by AUV team and changes incorporated as required (40 hours)

4) Preliminary design including: (132 hours total)

a) detailed drawing package (40 hours)

b) preliminary analysis package (40 hours)

c) Review by AUV team and changes incorporated as required (40 hours)

d) Revised schedule and costs as anticipated (16 hours)

5) Critical design including:

a) fabrication drawings (24 hours)

b) Final analysis package (40 hours)

c) Review by AUV team and changes incorporated as required (40 hours)

d) Purchase of long lead items (8 hours)

6) Purchase of parts including (40 hours, $5600)

a) compressed air cylinder and first and second stages(5 cubic foot bottle or similar) ($ 800)

b) regulator w/ software controlled actuator (cost and availability) (2000)?

c) relief valves ($200)

d) plumbing as required ($200)

e) acoustic release system ($2000 ?)

f) syntactic foam to offset wet weight ($400)

6) Fabrication of ballast tank and support assembly (80 hours shop labor, $1500 materials)

a) estimate based upon 2 gallon volumetric capacity tank w capable of 1000 psi external or internal pressure made of stainless steel.

7) Pressure test components and entire assembly (24 hours)

7) Controlled test of assembly and redesign/rework if required (40 hours)

8)  Field test of assembly  (40 hours)

2.3  In House Efforts with Stanford and others

Our long standing relationship with Stanford has brought technologies from the AUV test bed (OTTER) to ROV operations with the promise of having a positive impact on ocean science for the future.  Prof. Steve Rock has many successful autonomous land based vehicles working and is trying to employee these technologies modified for underwater systems. MBARI and Stanford have successfully operated Otter in Mono Lake and have demonstrated several advanced features in vehicle controls. The Stanford connection through Prof. Rock adds oversight, experience, and the advanced research element for applying and developing advance controls to MBARI AUV’s.

2.4  Additional efforts and studies for 1999

One additional part of the program is to establish the scientist to AUV interface. The overall goal is to give the ability to scientists, with their technicians, to take an AUV on their own and run a complete operation without engineering or operational assistance. Mission planning code from the Naval Postgraduate School (NPS), developed under federal research funds, has been made available to users over the web. This code is broken into three levels for the various users and functions, the lowest level being engineering designed and the top level being a mission planner.  Don Bruztman of NPS has offered to lend any support he can towards seeing this technology implemented. The benefit of this approach is we can modify it to any extent that we wish and it operates in a real time environment. Future advancements for this Mission Planner will be in VRML (virtual reality mark up language) web based technology which is the a 3D version of HTML.  The goal is to interface with a scientist who will visually plan a mission and execute it.  When the vehicle returns the data will plot against the planned mission for accuracy and be directly accessible. 

2.5  Relationship to other MBARI projects

The MBARI AUV project is an enabling technology for some long term observatories. The concepts have been well published that MBARI would sees a future multi-sensor deployment of AUV’s filling in the temporal and spatial data between permanently positioned bottom observatories and mooring systems. COMB is one such program and which will be coordinating design and technical input to allow future AUV docking with power and data transfer. The AUV program also is enabled by other projects. Various sensor and system projects underway or being proposed will advance the capabilities of AUV’s and the valve they can add to the ocean science community. The acoustic recognition project, which we are collaborating with Prof. Roman Kuc of Yale on, will allow for low power operations of AUV functions currently being done on Ventana by video. This is an enabling technology due to the lower power consumption and ability to work in disturb waters which impede vision systems. 

2.6  Goals for 1999 

Goals for 1999 include a New AUV System Specification defining the requirements, a collaboration agreement with MIT, a work breakdown structure for the New AUV activity, purchase of an operational AUV and the beginning designs for an AUV variable buoyancy system. 

3.0  Design  

Hardware items planned for the 1999 project year of the AUV proposal include a variable buoyancy system, sensor integration with associated hardware and mission planing software.  Each of these items will be treated as independent issues for purposes of in-house management and costing, this is easily accomplished since they are not interdependent. 

3.1 Variable Buoyancy Design, Build and Integration

The AUV project team will use the standard procedures set forth in the engineering group for the design development and deployment of such systems.

Once it has been determined that this technology does indeed add to the capabilities of AUV’s and will enhance operations for science experiments the project will applying the following outline for hardware development: 

a. A sub-system specification will be completed Fill in the blanks Mark
b. Concept review

c. Preliminary designs 

d. Final design review

e. Complete designs

f. Material purchase and build in shop

g. Assembly and lab test

h. Vehicle integration and field test

At this point the hardware will be turned over to the software engineer for the automated controls development. This process will have been started at the same time but tank tests and gain modifications will be required. Blah Blah – you take it away Rob

3.2 Sensor Integration

Several advanced sensors will be purchased from the appropriate vendors for the purpose of putting advanced missions together. These sensors may include an Inertial Navigation System, an Acoustic Doppler Velocimeter, Compass, Pitch/Roll, and Gyro allong with the a CTDO which deemed correct by science.  These sensors will be integrated into the AUV (TBD) and will enable MBARI to begin operations of science experiments doing precision transects and other plan missions.  This will take all kinds of stuff brackets and software maybe a Kalman filter

3.3 Mission Planning Software

Once again Rob your on – come see about this and I can tell you what I have in mind …. Besides great empty spaces

4.0  Operation and maintenance  

5.0  Deliverables

A. Collaboration agreement with MIT

B. New AUV Specification with MIT

C. Work breakdown structure for new AUV

D. Purchase of an existing AUV

E. Design and construction of an AUV Variable Buoyancy System

F. Bring Mission Planning software in-house and evaluate

G. Updated Proposal for 2000 and out years.

6.0 Project Team

W. J. Kirkwood – Project Lead MBARI

D. Clague – Lead Scientist MBARI

M. Greise – Project Engineer MBARI

C. Grech – Project Operations MBARI

J. Bellingham – Collaborator MIT, specialty in AUV design and technology

S. Rock – Collaborator Stanford, specialty in AUV advanced control concepts

R. McEwen – Controls Engineer MBARI, experience in advanced control systems, will implement and evaluate the mission planning software along with the variable buoyancy controls hardware and software. 
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