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AUV Relocation Study

This study focuses on the issues and techniques associated with relocating the Dorado AUV’s  after mission termination.  The first task in this study involves outlining some of the various situations that can arise involving the eventual need for a search and rescue.  Note that the events leading to a vehicle search and rescue can be due to human error, vehicle failures/problems, ship unattended operations as well as some combination of these.

Events Leading to Search and Rescue

1. The mission programmer has made an error and the AUV is sent on some unintended course.  The present technique of preparing missions by text editing scripts unfortunately makes this scenario not only likely to occur but sure to occur at some frequency.   The problem is compounded when the attending ship loses USBL contact with the vehicle typically soon after the mistake is processed by the AUV layered control.  At this point the operator will typically catch the mistake in the mission script but may be forced to go to the estimated location the vehicle should return to and wait for surface communications to the vehicle.  This instance is typically only a concern for long duration missions.

2. The AUV has experienced a failure that causes it to go in some unintended direction or depth.  This can involve tailcone damage during deployment, pressure housing flooding, comms bus issues, untested software-navigation-control issues, etc.   Typically USBL communication will be lost unless the vehicle essentially follows close to the known and preprogrammed path, If tracking is lost during this scenario the only recourse the operator has initially is to continue along the estimated mission termination location.  The operator will continue to listen for USBL returns, however since this range is quite limited it typically does not help locate the vehicle.

3. The AUV has been sent on an unattended mission and has not returned to its estimated-guestimated mission end location at the appropriate time; or has surfaced but is simply out of visual or even wireless serial range.   The best scenario is that the vehicle has completed its mission normally and is on the surface at some distance away.  Depending on when the mission ended, the magnitude of the currents and the quality of navigation; the vehicle will be located at some search radius.  At this point we are totally relying on the range of the RF freewave modem.  The less desirable scenario is that the vehicle had some failure or problem at some random time during its mission - this results in a much larger search radius for the vehicle.  The freewave modem range is at present somewhat unknown.  This needs to be quantitatively determined and either increased by putting receivers or repeaters on Mt. Toro, or augmented with ARGOS receivers.   Additionally, the vehicle’s GPS reliability and quality needs to be formally addressed as communication to the vehicle provides little benefit if you can not determine the vehicle location. 

4. The most undesirable scenario is that the vehicle is not on the surface after the end of its unattended mission.   This is basically a combination of items 3 and 2 above.  In this case no matter what the range of the surface communications - it will not help locate the vehicle.  This scenario could be due to hardware failures, entanglement in fishing lines or even a leaky pressure vessel penetration o-ring.  This highlights the need for increased subsurface ranging hardware on the vehicle.  The vehicle is simply too close to neutrally buoyant to expect it to always stay neutrally buoyant.  If a sphere penetration leaks (there are eight? penetrations in the MVC sphere alone) the vehicle sinks.  All Dorado vehicles owned and operated by MBARI are assumed to be non expendable.  The cost and delay associated with the program loosing a vehicle is assumed to be far greater than the effort required now to add extra hardware (or work out the problems with the existing LBL system).  This would at least allow for the possibility of using subsurface location frequencies with significant range over the existing USBL system. 

Current limitations or unknowns of the present vehicle configuration.

1. The current vehicle design has only one system capable of ranging the vehicle while it is underwater with a maximum range between 500 and 1000 meters.  The existing sonardyne homers have less than 100 meters range and are used for emergency ROV recovery only.

2. The current range of the freewave communication link is somewhat unknown and the variables that effect it are also somewhat un-investigated and certainly not fully understood.

3. Any permanent RDF system needs to be tested for accuracy in bearing.  The Zephyr system should be installed and tested for extent of range and accuracy of heading. 

4. The current GPS system on the vehicle gives very poor performance.  The effect of sea state on the antenna as well as the sensitivity of the antenna to different waterlines has not been investigated.

5. The present mission scripting technique by editing text files should prove and highlight the fact that the vehicle is still in the development phase and should therefore require some more robust relocation techniques.

Technology Investigations 

1. We need to qualitatively determine the range of the vehicle RF freewave.  This study should be performed in as realistic a condition as possible.  The vehicle antenna should be at a typical waterline and the shipboard receiving antenna should be mounted on the Zephyr in her intended location.   Various sea state conditions should be investigated as well as various clocking orientations of the vehicle to the ship.   This experiment could be performed various ways but the results are critical to determining how much the RF modem can be relied on for emergency search and rescue operations.  The connection must stay up long enough to establish a GPS fix for the vehicle.  The navigation accuracy over the longer mission duration times can define a watch circle expected for unassisted mission vehicle recoveries.  The range of the RF freewave modem should be significantly larger than the diameter of the watch circle.  Ideally, if a freewave modem is to be the only communication device, its range should be such that no matter where the vehicle surfaces during its mission, it can always be expected to reach an antenna or repeater either shipside or shoreside.

2. The vehicle GPS quality needs to be investigated.  Unless this system is made more reliable some of the other relocation tools are of little benefit.  The GPS preamplifier should be investigated, the copper sputtered antenna should be investigated for cracking after heavy loading and bending of the antenna, the height above the waterline should be investigated and the unit moved if necessary.  The antenna height should be investigated and optimized.  Previous experience has shown that this system probably works about half the time at best.

3. The R/V Zephyr should have a marine vessel grade RDF receiving antenna and electronics installed.  The system should be calibrated for correct heading and any clocking offsets should be documented and known.  The range of the RDF system should also be determined as well as the effect of rotating the vehicle RDF antenna with respect to its axis with some known heading from the vessel.  Basically, RDF systems can have offsets, dual lobes, and other sensitivities or interference – the Zephyr should have a system installed and its accuracy should be investigated before it is required for recovery operations.  I’ve been told none of this is a concern but it seems that the only way to really use the RDF successfully is if you know where the vehicle is anyway.

4. Depending on the results from the investigation 1 above we should look into the possibility of using an ARGOS transmitter to transmit the vehicle location after some predetermined time after it has surfaced and/or it has ended it’s mission.  This option is only worthwhile if the GPS system quality has been improved.  For unattended missions this is probably the single most important system addition for assured vehicle recovery.  Shipside receiving hardware and software can be set up to send out an alarm to the operators if the vehicle has surfaced either prematurely or at the end of a mission.  The power for such a system is relatively low, the weight and volume relatively small and the potential payoff huge.  Ideally, the electronics and power for such a system should be separate from the rest of the vehicle.  Fully autonomous vehicle activity in the bay will surely require such warning / relocation devices.

5. Vehicle location while the vehicle is submerged is currently quite limited.  Low frequency transponders should be installed and made to function over the range expected for these frequencies.  If necessary the transponder head should be moved external to the vehicle fairing to avoid transmission losses through the ABS hull.  This system could be an LBL transponder (possibly a 6 or 7 KHz capable system) or similar low frequency range system.  The system would not provide direct heading information; however, heading could be deduced using a circular range intersection hunting method.  The Zephyr transducer well should have a compatible transceiver mounted to perform this ranging.  The Benthos DS6000 deck unit can accomplish this task in conjunction with the Amatek transceiver head, although it is not clear how low in frequency this system can perform.  The USBL technology is simply too limited in range for any type of emergency or non-typical vehicle location or recovery effort.  If an LBL system is unable to perform this type a task in addition to it’s primary function then some other frequency ranging system should be investigated and installed.

