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2.  Introduction

2.1.  The 13th International Symposium on Unmanned Untethered Submersible Technology (UUST03), arranged under the able management of Dick Blidberg 
 and held at the excellent conference facilities on the campus of the University of New Hampshire, proved to be an extremely informative symposium. 

2.2. The twin themes of the symposium were Autonomous Underwater Vehicles (AUVs) and Biorobotics (Biological inspired AUV concepts).  The plenary session was entirely devoted to biorobotics which gave those less well versed in such technologies a good introduction to fish locomotion, artificial muscle concepts, physiology and neural control, fishes’ control problems, and the energetics of the oscillating fin thruster, prior to breaking out into three parallel sessions.

2.3.  The technical sessions covered:

	AUVs (in two parallel sessions):
	Biorobotics:

	      Operations
	       Integrated BAUV

	      Sensors & Sensor Processing
	       Natural & Artificial Muscles

	      Systems
	       Integrated Science & Technology

	      Control & Hydrodynamics
	       High Lift Bio-based Devices & Sensors

	      Mission Planning Tools
	       Karman Harvesting

	      Multiple Autonomous Vehicles
	       Mechanisms

	      Supporting Technologies
	       BAUV Science & Technology

	
	       Fish Modelling

	
	       Liquid Crystal Artificial Muscle

	
	Physiology & Neural Control of               Movement in Aquatic Animals


2.4.  Some 200 delegates attended the symposium, which included 9 from the UK, 6 from Canada, 3 from Sweden and France, and 1 from each of Germany, Japan, Denmark, Belgium and Italy – with the rest from the US.

2.5.  Though the emphasis for informality, leading to relaxed discussion, was welcomed; it tended to lead to poor introductions and time coordination of the three parallel sessions.  Furthermore, the lack of hard copy abstracts, or text, prevented 
 sensible assessment of which sessions to attend.

3.  Technical Sessions

3.1.  Dr Lauder (Harvard UV) recognising the benefits of many years of evolution, which mitigates against the less efficient, explained the locomotive mechanisms of fish (with particular reference to the pectoral fin) including the fin structure, its attachment to the body and the means of its movement leading to forward motion, hovering and turning, with a vertical component countering negative buoyancy.  This research is complimented by that of Dr J Madden (University of British Columbia) who presented on artificial muscle and actuator technologies.  The relative merits of dielectric and liquid crystal elastomers, ferroelectric polymers, shape memory alloys, and carbon nanotubes etc were assessed in terms of their strain, stress, work density, power/mass ratio, efficiency, life cycle, energy supply and cost ($ per kg).  Many of these technologies lead to problems of scaling and the need for relatively high voltages.

3.2.  Dr Edward Colgate and Dr Kevin Lynch (Northwestern University) reported on body motion for swimming which may involve full, half, rear end body, or tail movement.  Fish are inherently unstable in roll, pitch and yaw, which lead to their maneuverability.  Using a ‘snake-board’ (basically an electronic skate-board with controllable wheels and momentum wheel) algorithms are being developed to study maneuverability (similar to that required for parking a car) leading to a fuller understanding of actuation theory and non-linear optimization, and thereby the development of motion libraries.

3.3.  Extending the reach of AUVs was promoted by C&C Technologies working with Kronsberg Simrad using the HUGIN vehicles.  Much of the previous experience has been gained from the ISE (Canada) ORCA semi-submersible vehicles.  The presentation tended towards a ‘hard-sell’ for HUGIN and the development of HUGIN 1000 which will incorporate SAS and achieve 20hr operational missions.

3.4.  A paper by Dr Dzielski (Penn State UV) et al (NAVOCEANO) explained the Giant Shadow Experiment (transformation), under which a SSBN is being converted to accommodate special operations forces (SOF), which include route survey and mine hunting etc (also linked to the Hairy Buffalo program).  The SEAHORSE AUV developed by ARL Penn State has been modified for submarine launch from a Trident missile tube with SOF payloads.  Trials have been conducted at the AUTEC range using USS Florida supported by USNS Mary Sears (T-AGS-60 Class).  Details of track keeping and rendezvous accuracies were presented.  Recovery of SEAHORSE by the submarine apparently remains an outstanding issue.

3.5.  The MIT/WHOI joint programme on high-resolution multibeam sonar mapping was presented by Dr Jakuba.  Data has been obtained from mid ocean ridge environments using Kronsbery Simrad sonar and photo mosaics of coral area using the techniques developed by Dr Hanumant Singh.  Navigational accuracy needs to match that of range resolution for optimal results and the anticipation of the terrain is important for track planning.  Detailed inspections of discrete areas have been conducted using a rotating sonar held at a constant height above the seabed attached to a drag weight.

3.6.  Perhaps reflecting the marketing proficiency of Heriot-Watt University, Scotland, five papers were presented covering their work on mapping using sidescan sonar, real-time architecture for pipeline and cable tracking (AUTOTRACKER), the recovery of 3D information from underwater images, sonar & video-based automatic docking, and data obtained from the ForthBase acoustic range 
.  The last of which, with a horizontal range of 946m, tidal range of up to 5m and depth range of between 10 and 65m offers a valuable facility for propagation and multi-path studies, through water communications and possibly the development of time reversal concepts.

3.7. Considerable attention has been given to vehicle control theory in order to use SAS 
 on      BLUEFIN12 for mine hunting activities 
 particularly in shallow water environments and under surface wave conditions.  Gap filling, beneath the AUV, is provided by the DIDSON dual frequency identification sonar.  It is hoped that the results of careful control analysis and vehicle design will result in successful SAS trials planned for the fall of 2003.

3.8. Low cost UUVs for task-specific missions is being given full consideration through the development of the RANGER UUV system (91cm long, 9cm diameter, 4.5kg weight, 2 – 4 kts, 4 hour mission time) by Nekton Research, LLC.  Emphasis has been placed on cell phone technology, COTS, rechargeable batteries, low cost and large production runs with modular payloads for specific, albeit limited, missions.  Deployment may be by hand, air-drop, or seeded from other UUVs (e.g.: REMUS).  Innovative thinking has led to attaching (gluing) live clams to the nose cone of the vehicle and using a video camera to observe the closing of their valves in response to passing through polluted (toxins) water.

3.9.  Similar innovation is being applied to the solar powered SAUV II AUV, which with its ‘turtle-like’ appearance due to its upper surface being covered with solar panels, is designed to spend time on the surface in order to recharge batteries and extend mission periods to weeks or months.

3.10. Dr Barbara Fletcher (Space & Naval Warfare Center) working with Marine Sonic Technology diligently assessed the design criteria of high frequency (1.2 to 2.4MHz) sidescan sonars for use on REMUS and CETUS II vehicles.  Fully consideration has been given to speed, altitude, transducer depression angle, vertical beam width, side lobe effects, range delay, time variable gain (TVG), and vehicle system interference.  It is concluded that the optimum design should be a 1.8MHz transducer with a 3.5in aperture, with depression angle of 25 – 30deg, giving a range of 2.5 – 10m, which should be towed at 2 – 3m above the seabed at 2 – 3kts 
.

3.11. The very commendable conceptual developments of Webb Research Corporation 
 continue with the design of a bottom resting gliding AUV.  This follows the well-proven pedigree of the ALACE (Autonomous Lagrangian Circulation Explorer), APEX (Autonomous Profiling Explorer) and the SLOCUM Glider, with system sales exceeding 2000. All these systems capitalize on low power, high endurance, no on-site support and covert operations. The new system is designed to rest on the seabed making measurements, listening, or awaiting instructions to lift-off and attain a required height, or surface to down load data etc 
.  Trials have been conducted with a prototype system (30in diameter, 10in height, 40kg weight, 3 – 5kg payload) with the requirement for 3 – 6 month operations and attaining 0.5kts (at 35deg pitch).  The shape is also optimized to reduce the likelihood of disturbance by trawls etc.  The use of  SLOCUM gliders for the Autonomous Ocean Sampling Network II (AOSN-II) was presented by Dr Edward Fiorelli (Princeton UV) & Dr Igor Shulman (NRL Stennis), and system assessments made in relation to other systems (SPRAY from Scripps and SEA GLIDER from University of Washington) by Dr J Graver (Princeton UV)  and Dr Fratantoni (WHOI).

3.12. Dr Alberto Behar (California Institute of Technology, JPL) and Dr Fredrik Bruhn (Uppsala UV, Sweden) are focusing on miniature AUVs (5cm x 20cm) with MEMS instrumentation for working in extremes of aqueous environments relevant to astrobiology.  Applications include deep-ocean hypothermal vents, inactive volcanoes, sub-glacial lakes, acidic and alkaline lakes and possibly planetary ocean environments.

3.13. Dr Gwyn Griffiths (SOC, UK) reported the reliability of AUTOSUB following up-grades prior to under ice operations in 2003.  Systems testing and trials revealed only three minor software errors, but less acceptable proficiency on sensor systems (swath bathymetry sonar and Doppler velocity log) and the need for better underwater connectors 
. 

3.14.  Novel concepts for Lagrangian measurements of ocean circulation were presented by Dr Honary (University of the West of England, Bristol) under the ambiguous title ‘Mapping the Oceans using Flock Distortion’.  Multiple systems (flocks) of buoyancy-adjustable drifters are released and prior to sinking to specified depths, each obtains its GPS position.  Thereafter the drifters continuously obtain ranges between each other and later re-surface and again obtain their GPS positions.  Using these data 2D and 3D water circulation can be assessed.

3.15. Optimum control of multiple seabed crawlers was presented with video clips from UUV Fest.  Cooperative behaviour concepts are based upon ensuring each vehicle maneuvers in relation to others, based upon the establishment of a group leader, or the change of group leader.  Crawlers are equipped with DIDSON cameras, rotating head sonars and a bumper contact sensors.  This research is complimented by that on cheap ($10k), modular, networked micro AUVs, with optional sensor packages for maintaining depth, retaining a magnetic course, sensing a light or sound source, going to and bumping (or repeatedly bumping) or avoiding an object, generating a light or sound source.  Applications include security, including the deterrence of hostile diving activities.

4. Discussion and Conclusions

4.1. The information content made the 13th International Symposium on Unmanned Untethered Submersible Technology well worth attending.  It is strongly recommended that future meetings should be supported by sending staff with specialist knowledge of AUV vehicle and sensor systems (and military requirements), as well as those knowledgeable of biorobotics.  As with such meetings, which by necessity have to have parallel sessions, more staff attendance will enable a better coverage of the presentations.

4.2.  Follow up meetings are planned with the University of the West of England, Bristol to assess the float tracking concept which they have developed and in particular, cost considerations and possible collaborative efforts.  Consideration should also be given to collaborative studies using the ForthBase acoustic range.

4.3.  Resulting from discussions with Tom Swean (ONR Code 32), it is intended to liaise with MOD UK (Cdr Chris Ashcroft & Parik Khambhaita, DEC(UWB)) with the objective of putting the BPAUV (US) and BAUUV (UK) on the agenda for the next US/UK bilateral meeting, to assess the commonality of these programmes and the scope for collaboration.  The UK programme is directed at assessing technologies to meet a defined mission, in order to ‘de-risk’ the development of an operational system at a later date.  The wide-ranging presentations at the conference gave an excellent insight into many technologies, and the state of their development.  It is therefore regrettable that staff from the UK, associated with BAUUV, ware not in attendance 
.

4.4. The opportunity was taken to visit the Center for Coastal and Ocean Mapping Joint Hydrographic Center, Chase Ocean Engineering Lab at the University of New Hampshire to meet with Dr Lloyd Huff.  Discussions were held on his work on scanning video for detailed seabed surveys and developments on the Klein interferometer.  A planned meeting with Bill Key (Klein Associates) had to be cancelled.
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� Autonomous Undersea Systems Institute (AUSI), Lee, New Hampshire


� CD copy only


� Non specialist presenters detracted from the value of these presentations.


� Developed by Penn State University and Coastal System Station, Panama City.


� BPAUV   � HYPERLINK "http://www.onr.navy.mil/sci_tech/ocean/docs/bpauv.pdf" ��http://www.onr.navy.mil/sci_tech/ocean/docs/bpauv.pdf� 


� Ref: PMS EOD, Rob Simmons


� � HYPERLINK "http://www.webbresearch.com/products.htm" ��www.webbresearch.com/products.htm�


� Studies of Plaice (type of flounder) show that they rest on the seabed and await favourable tides whilst migrating from the English Channel to the North Sea.


� � HYPERLINK "http://www.sciencenews.org/20030315/safari.asp" ��http://www.sciencenews.org/20030315/safari.asp�





� The UK BAUUV has been awarded to Systems Engineering & Assessment Ltd, SubSea 7 and SOC as prime contractors.





