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1. Introduction


The Dorado project is intended provide the advantages of Autonomous Underwater Vehicles (AUVs) to MBARI, and the community at large, for science and engineering research and/or development projects. New capabilities provided by AUVs are expected to benefit the missions and goals of MBARI as the institute pursues it's quest towards furthering technologies for ocean science. 


The Dorado Functional Specification is a detailed list of requirements and desires as stated by MBARI's science and technical staff. This document is intended to not only cover the current state of technology and associated developments but to also address the far reaching goals of a multi-year system in support of ocean science. This document includes the wants, wishes, desires, and goals desired for an MBARI AUV development along with the hard and fast requirements. An attempt has been made to distinguish between hard requirements and future goals, however it should be made clear this is often an incremental condition and sometimes difficult to separate.  Therefore this document is a working tool that is intended to be modified and updated through the life cycle of the project and the Dorado system.

Dorado, the vehicle, is based on the work and technology development previously started as part of the ALTEX /NOPP teaming arrangement (1). Altex is an acronym for the Atlantic Layer Tracking EXperiment under which the project created a new class of general purpose AUV. The Dorado vehicle draws directly upon the elements that can be used from the Altex Vehicle and the Commercially Off-the-shelf (COTS) requirements applied to Altex. 

2. Dorado Functional Requirements Outline

Dorado functional requirements are based on six separate operational concepts. These concepts are derived from the early science missions proposed for the system. These concepts are:

· ALTEX - The baseline ALTEX mission, a 1100 km multi-day transect at high latitudes, carrying a physical oceanography payload.

· AUV-CTD- A linear transect in Monterey Bay, from near shore out to MBARI moorings, occuring every 21 days year round.

· Biolume/Frontal Processes - An intensive 7 day mapping campaign in Monterey bay, with round-the-clock operations from a vessel of opportunity, to map bioluminescence and frontal processes.

· MOOS - Utilizing Dorado within the MOOS system to survey regions around docking stations.

· Multibeam Survey - An intensive 30 day multi-beam echosounder mapping campaign in the Gulf of California from the R/V Zephyr.

· Low-Light Imaging – a biological oceanographic survey in midwater depths. 

These concepts are detailed in appendices A, B, C, D, E, and F.

 
The Dorado vehicle, at a minimum, will be modular and capable of carrying a variety of payloads custom made for science and/or engineering in order to support these missions.  Dorado must extend the operational time duration and increase the amount of operational area over current systems available. 


Science functional requirements center around data collection and data quality from the temporal and spatial fields covered by an autonomous platform. Dorado is therefore expected to support and supply the necessary elements that will allow for a wide variety of science in the ocean yielding high resolution and high quality data. To accomplish this the amount of area to be covered should be maximized with particular attention to maneuverability and stability that might positively or adversely effect data sets. The vehicle should maximize depth capabilities by increasing the depth range of operations currently limited at MBARI to 4000 meters. Payload capabilities should also be maximized with some balance being determined between overall vehicle size and payload options. The payloads should be easily interchanged and not require major reworks by the science staff.  Data collection and review should also be made as simple and easy as possible for the science and operations staff. To the extent possible the vehicles should conform to MBARI standards either in place or as adopted during the life cycle of the vehicle. Interaction with the vehicle should be very direct and easily understood at the surface through a direct connection. Sub-surface communications capability should also be supported to supply various functions while any given mission is underway.


AUV operations should be considered equally important since they are the enabling features that make Dorado a useful platform. Mission configuration is expected to be simple and direct with some method to verify a mission and review the expected behavior prior to launch. Launch and recovery are key elements and directly affect the reliability and operational sea states that Dorado can operate within. Every effort should be made to maximize the sea state allowable for Dorado launch and recovery. The vehicle must also provide for easy access and maintenance. All major systems and sub-systems should be designed with reliability, ease of maintenance, and easy replacement or repair when required. Suitable navigation capabilities are also expected to be core features allowing for operation in an long baseline network and to be able to surface and take corrective position readings from a global positioning system between mission legs as specified by a given operational mission plan.


All sub-systems should be designed and manufactured with the same concepts as stated previously. Modular components with easy replacement in the field and during periods of maintenance. Computer access for operational maintenance should be accomplished through the same data interface provided to science. The launch and recovery system should be transportable between a variety of vessels with little of no modification required to permit operations. The system should fit within the confines of typical shipping containers and components that would similarly be used for moving the Dorado AUVs to other venues around the globe. Navigation capabilities should be capable of easy upgrades as new systems mature and become available. All systems should provide for methods of accuracy / calibration for operational verification prior to and directly after a mission. The vehicle should at a minimum include an acoustic release (or safety mechanism) for a drop weight and should recognize a unique (to each vehicle) abort command through the acoustic communications channel. 

Hardware and software components are expected to meet typical operational standards for MBARI. All components should be tested and verified to work reliably at rated depths. All hardware should be constructed using materials that can be obtained by operations for future maintenance and upgrades. Consideration should be given at each level in the design for maximizing life, minimizing maintenance, and non-interference of science equipment for all components. Similarly the software designs and code should be designed to support science instruments, data integrity, and ease of maintenance to the extent possible. All hardware, software, interfaces, and assemblies should be suitably documented for operations and science to refer to over the lifetime of the vehicle. Documentation should reflect the "as built" condition when the vehicle is released as fully operational. 

4.0  Vehicle Functional Requirements

The following tables are an outline of the functional requirements and characteristics for Dorado as stated by the user community at MBARI. Each section lists the relevant information describing the details that are to be considered in the various technical designs and engineering trades during the development of the Dorado system. 
4.1 Vehicle Size, Structure, and Weight Parameters 
Parameter
Baseline
Future
Conops Reference
Comments

Diameter
21” Diameter 
 As small as possible

Driven by maximum energy requirements & payload volumes & buoyancy

Length
9 to 18 feet 
As small as possible



Weight 
2000kg in maximum length configuration w/ entrained water
Minimum

Should be easily handled by two people in the short configuration

Modularity
Longitudinal segments w/ known buoyancy, standard interface cabling 
Specific modules for science 

Inter –changeable in the time to turn around a battery pack

Weight in water
Neutral 
Adjustable for power savings in decent and ascend



Impact Resistance
Survive a 3 knot impact with a fixed object without operational damage or limitations
Impact with a ship also doing 3 knots 

Numbers need to be consistent with L&R and deck handling

Materials
Corrosion resistant to the extent possible with the hull being colored yellow
Light weight and easily obtained – resistant to marks or gouging 



Protrusions
Anything beyond  21”diameter should be breakable /weak link
Anything protruding should be breakaway but undamaged

This refers to antennae and so forth

4.2 Vehicle Performance

Parameter
Baseline
Futurama
Conops Reference
Comments

Speed 
1.0 m/s minimum to 2.0 m/s maximum; optimized for 1.5 m/s 
.5 m/s desirable for low light imaging
.5m/s – low-light

2.0m/s – multibeam

1.5m/s optimized – AUV/CTD, biolume
Wide range of operational speeds desired; factor of four times currents in operational areas

Pitch
30o max up/down
45o max up/down



Pitch Rate
?
?

Required by near-bottom performance for MBE

Roll  
Passively stable within +/-2o of static roll angle
Passively stable within +/-1o of static roll angle



Yaw


Dynamically stable within +/-2o  of AHRS measurement
Dynamically stable within +/-1o  of AHRS measurement



Yaw Rate
7o​/sec in short configuration, 5o/sec in long configuration
20o​/sec in short configuration, 10o/sec in long configuration

Required by near-bottom performance for MBE

Depth
4500 meters working depth
6000 meters working depth 



Depth Rate
30 m/min 
TBD

Powered ascent/descent, no drop weight

Energy
3 KWhr minimum, 

9 KWhr maximum 
Higher energy density systems

Minimum energy is sufficient for 12 hr @ 1.5 m/s w/ 30w science payload

4.3 Navigation Performance

Parameter
Baseline
Futurama
Conops Reference
Comments

Depth Accuracy





Depth Update Rate





Altitude Accuracy





Altitude Update Rate





Heading Accuracy





Roll Accuracy





Pitch Accuracy





Heading Rate Accuracy





Roll Rate Accuracy





Pitch Rate Accuracy





AHRS Update Rate
5 Hz Minimum




Surfaced Position Time to Fix





Surfaced Position Accuracy





Surfaced Position Update Rate
1 Hz minimum




Underwater Position Accuracy





Navigation
LBL and USBL capable with GPS fixes at the surface 
Able to be upgraded to new systems and to make use of ADCP / DVL data  

Pitch and Roll measurements should be co-located. DVL performance of 1% of distance traveled (instrument spec)

Underwater Position Update Rate





4.3 Vehicle Operations

Parameter
Baseline
Future
Conops Reference
Comments

Launch and Recovery 
Multiple vessels –

Small vessels (25 ton) to UNOLS full line of ships – no man in the water
No special handling gear required for different vessels

Equipment should be easily transported if required for vessel of opportunity deployments

Mission Planning
Text-based mission scripting with simulation
GUI based script editor; Map view support should bathymetry and image overlay

Faster than real time simulation capability desired. Units should be specified by user. 

User Interface  
None
Cockpit type display with sensor feedback

Expert user should be able to override GUI. GUI should provide for a unified working environment

Surfaced Communications
57.6 kb/s date rate, LOS range to 10 nm
200 kb/s date rate, LOS range to 10 nm

IP link preferred

Acoustic Communications
None 
1200 bps vertical channel 



Surfaced Emergency Location Aids
LOS RF, LOS Visual
OTH RF, Radar xpndr

Backup batteries diode or’ed with main power

Submerged Emergency Location Aids
MF Acoustic Beacon, HF/VHF Acoustic homing beacon
HomerPro (or equiv) should be a standard device with diode or power. 

Powered by self-contained batteries

Computer Interaction
Easy to use, protects data from accidental damage or overwriting


File structure must be automated.

Control underway
Vehicle should be controllable under a variety of ballast conditions
Variable trim and adjust should be “strap-down” or very secure



Sea States
Sea State 2 for 50 foot vessels, SS 3 for 100 foot or larger vessels
Operate in April wind around MB area with no L&R system



Operating Temp





Operating Areas
Vehicle should operate in Monterey Bay year round
Any place within rated depth

Fresh and saltwater should be considered

4.4 Vehicle Payloads

Parameter
Baseline
Future
Conops Reference
Comments

Payload data
Published to vehicle computer
Should be easily integrated into other data sets



Logging Timestamp Accuracy/

Latency
10 sec/day max free drift,
Synced accuracy to <1 msec
Logging latency < 200 msec
Should have a link to GPS corrections when position fixes are taken



Payload Size
21” Dia.  x 36” for nose, 21’’ Dia. X 66’’ for midbody 
21” Dia. X 66” taking advantage of the section design of Altex



Buoyancy
5 kg positve buoyancy, Cb/Cg longitudinal separation < 5 cm,

Cb/CG vertical separation > TBD cm 
TBD



Power
19V min/36V max, 200 Watts
19V min/36V max,250 Watts

Might affect battery layout in vehicle

Swap out of science payload
No more than 1 day by a savvy technician
4 hours with one person



Data Review
Core vehicle streams should be in binary matlab format for quick review
Data systems should provide for quality checking and calibration information

Systems should provide raw data streams and have adjustable update rates

Data Rates
100 Mb/s ethernet

1.5 Mb/s RS232/422

1.0 Mb/s CAN
1.0 MB/s logging to disk max
1.0 Gb/s ethernet
10.0 MB/s logging to disk max

Reliability should be a high priority

4.5 Vehicle Maintenance

Parameter
Baseline
Futurama
Conops Reference
Comments

Hull Access
A single person should be able to gain access into a closed hull in 
<10 minute
No hardware or special tooling should be required.

Hardware should be secured  in a manner that prevents operations loss at sea

Main Pressure Housings
Able to be opened and closed without removal from vehicle
Housings should not require special hardware or materials to re-seal at sea

Science payloads may need to be removed for access

Battery Swapout
From a closed vehicle condition the battery swap out should be 

< 30 minutes in wet conditions. A “gas gauge” must be avaiable.
Batteries should be easily swapped but also capable of recharging in place. Should not invole opening pressure vessels

Battery charge should be > C/5 rate. 

Energy Recharge
Swap-out/open vessel recharge
In-situ recharge
MOOS (in-situ recharge)


Vehicle Alignment
Alignment must be indexed without special eqiupment
Alignment should align with a repeatable tolerance. 



Trim and Ballast
Must be easily trimmed and ballasted for operations at the dock.
Vehicle trim and ballast should be accomplished at sea as mods are made

System should provide a good ballast model to work from

Connectors and wet cabling
Highly reliable
System should provide for ground fault monitoring and easy isolation of trouble



Hull Mods
Hull should be easily modified for equipment without safety compromise
Vehicle can be assembled with individual access to sections



4.5 Vehicle Maintenance Continued

Parameter
Baseline
Futurama
Conops Reference
Comments

Interior Components
All systems and sub-systems should be restrained


Spares and modularity should be considered for ease of maintenance in at sea operations.

Power Switch
Internal visual indicator for power on mode.
External visual indicator.



Safety Systems
Internal visual should confirm radio beacon and strobe are on
Visual aid should be seen easily at night from ships edge to waterline



Computer connections
Accessible over tether and/or wireless ethernet
Same GUI interface would provide look and feel for maintenance issues to users

Expert users have low-level access over ethernet

Vans and support equipment
Carry the necessary spares for a complete rebuild at sea ensuring operations can continue 
Allow for users comfort and stable work environment on a variety of platforms



Appendix A ALTEX Arctic Mission Concept of Operations

Author: Gashler (831) 775-1936 (gashler@mbari.org)

Version: 2.0

Date:  30 November, 2001
Modifications:

07 November 2000 – addition of enabling technologies for each test.

09 March 2001 – revision of test plan based on currently expected capabilities.

17 August 2001 – revision of test plan based on results of testing to date.

23 August 2001 – Added predeparture section, preliminary science section.

30 November 2001 – revision based upon impressions (not results) from October 2001 Healy expedition (Healy-01-03).  Some reformatting.

Objective  Acquire 1500 km of oceanographic quality science data along the 1300 m isobath north of Svalbard.

Planning
12 months before the expected departure date of the surface support vessel the proposed flight profile of the vehicle for the ALTEX mission will be documented.  The horizontal track of the vehicle will be an eastward trending track centered upon the 1300 m isobath north of Svalbard with some cross track excursions.  The cross track excursions will be oriented alternately 45 degrees north and south of the median direction of the vehicle’s track.  In the best case the vertical profile of the vehicle’s flight will be a continuous sawtooth pattern between 50 and 500 meters.  Daily excursions to 1500 m will be incorporated into the flight profile.

12 months before the expected departure date of the surface support vessel the proposed science payload of the vehicle for the ALTEX mission will be documented.  It is expected that some subset of the sensors (or slightly modified versions thereof) forming the science payload of the Healy-01-03 expedition will constitute the science payload for the final ALTEX mission.

9 months before the expected departure date the proposed vehicle configuration will be documented.  Onboard energy storage requirements and capacities will be calculated and the proposed flight profile modified as necessary.

6 months before the expected departure date a 48 hour mission with the expected flight profile of the vehicle in its arctic configuration will be run in Monterey bay.

3 months before the expected departure date the dialogue will be opened with the designated logistics and shipping companies.  Healy-01-03 shipping numbers can be referenced for preliminary planning purposes with modification based upon the new vehicle configuration.  Additional lead times may allow for surface shipping of most items.

It is expected that the vehicle configuration for the 2003 mission will be battery powered – a neutrally buoyant 66 inch midbody with Lithium primary batteries will have the capacity of 75 kW-hrs.  Secondary battery packs of the same mass in the same housings will be used for the initial checkout operations.

Pre Departure Vehicle Preparation

The advance vehicle preparation team will meet the vehicle and support equipment shipment one week prior to departure, allowing for vehicle assembly, deck testing and contingency.   Depending upon state of the vehicle after shipping, the availability of heavy lifting gear at shore accomodation, and access to seawater, the test team may or may not be able to complete the final ballast and trim adjustments prior to boarding the support vessel.

Upon arrival of the support vessel in port the following tasks will be completed:

Assemble and deck test vehicle.

Complete ballast and trim check of vehicle.

Install vehicle operating station in science lab.

Install vehicle tracking equipment.

Install vehicle launch/recovery system.

Install science and engineering support equipment.

Secure all equipment for sea.

The team departs the dock with a system identical to that which they have run before, about to run a mission with a known profile at a known location.  

Checkout Operations

In protected water within 24 hours transit of port the ship is stopped and the vehicle deployed in order to test its systems and control at sea.  There have been no changes to the vehicle configuration since its last set of operations and  the ballast and trim checks have been completed prior to departure.  Vehicle performance and science payload data are checked and any discrepancies analyzed, repaired if necessary and retested.  The team leaves the area of checkout operations with a system that is fully qualified as far as it is possible to test.

Transit to Launch Site

Following completion of the checkout operations the ship transits to the intended starting point of the mission.  Available imagery of ice conditions is downloaded and analyzed en route to aid in the search for an appropriate launch location.  Upon arrival in the vicinity the ship begins a search for a suitable ice free launch zone.  A two person team commences vehicle checkout with the vehicle on shore power.  Pre launch rigging of launch recovery system is completed.

Launch

If sufficient open water is available at the launch site the vehicle will be deployed and then launched using the open water launch sequence.  If only limited open water is available the vehicle will be deployed and then launched through an ice hole (perhaps generated by the ship) on a fixed line with a remote release or by a small ROV with manipulator.  This launch sequence will have been practiced and proven in Monterey Bay during qualification missions.

Mission 

(This section lifted from JGB ConOps written prior to Healy-01-03.  Probably needs revision)

Launch of the AUV will be in the region NE of Svalbard,  as far east as is possible given ice conditions.  This will probably be about 83N by 30E.  The AUV mission is designed to take 11 days at 150 cm/sec (no currents).  It starts at the east side of the Yermark Plateau, and continues into the Svataya Anna Trough.  

Figure 1 shows a candidate 11-day course.  The AUV executes 25 km half-width zigzag centered roughly on the 1300 m contour, with 50 km between mean-course crossing points.  The AUV gets part-way into Saint Anna's trough before running out of power.  It could get further into the trough by having a 75-km crossing interval, but this may be too-wide a spacing along track.  If we stuck with the 50-km crossing interval, it would take 15 d to transect right of the mean course), this works out to one downcast every 35-36 km of horizontal AUV track for the course in Figure 2.  Since the horizontal AUV speed is 147.7 cm/s, this is one downcast every 6.65 hr the trough which exceeds the design goals for the vehicle.

The AUV would travel at 150 cm/s and would continuously profile the water column from 400 m to near the surface (50 m would keep us safely below ice).  The dive angle (up and down) would be 10 degrees, yielding a vertical yo-yo period of 45-51 minutes.  Jim Overland suggested the AUV take one deep dive per day, up to 1500 m.  Clearly this is high priority data, and would need to be sent in the first data transmissions.  The deep yo-yo could be at a pitch angle of up to 30 degrees.  

At the top-side of the deep yo-yo, the vehicle will search for thin ice, and launch an ice buoy.  Only 50-60K of data can be transmitted per buoy per day, with reliability of 80-85%.  The vehicle will likely generate more than 150 MB in the period between buoys.  If we were to adopt Ned’s zig-zag paths, our highest priority data transmissions would be to send 1-m values on the yo-yo downcast at 4 points on each zigzag - the starting point on the mean course, the end of the first zig, the next mean-course crossing point and the end of the next zag. Because of the zig-zag nature of the course and because its half-span is 25 km and its crossing interval is 50 km (i.e. the actual course is 45 deg to the left or right of the mean course), this works out to one downcast every 35-36 km of horizontal AUV track for the course in Figure 2.  Since the horizontal AUV speed is 147.7 cm/s, this is one downcast every 6.65 hr.

The team will monitor the progress of the vehicle via the ARGOS transmissions from the data buoys – comparisons between intended and actual waypoints will allow computation of crosstrack drift and updates of vehicle position estimate.  The vehicle will have the ability to determine whether or not ice is overhead – if open water is found along the mission path then surfacing for GPS position update and ARGOS telemetry will allow for additional updates to the shipboard monitors.

Loiter

Upon launch of the vehicle the ship will remain on station until it is determined that the mission has started properly.  The vehicle might start with an out-back sequence in order to allow for a small amount of tracking data to be acquired and the possibility for acoustic abort.  The vehicle might be programmed to execute a short out-back sequence and then abort unless an acoustic command is received.  The launch of the first data buoy after a relatively short run (hours) would also serve to increase the confidence of the shipboard monitors that the mission has commenced properly. 

Upon determination that the mission has properly commenced the ship will move on to its secondary science sampling program, probably along the intended track of the vehicle.  The sampling stations will complement the sampling of the vehicle, serve to ground-truth the data acquired by the vehicle, and allow the ship to remain in the intended vicinity of the vehicle.  Transmissions from the data buoys will be monitored from the ship (via satellite or helicopter if necessary).  Secondary science sampling will terminate and search for the vehicle will commence upon negative buoy contact.

Recover

The final leg of the mission will be an extended run to an ice free waypoint.  This waypoint will be selected based upon satellite imagery prior to the vehicle launch with a contingency based on worst-case ice drift during the course of the mission.  The vehicle will surface and commence ARGOS and RF beacon transmission upon arrival at the wayoint.  The ship will be at the expected rendevous point prior to the vehicle’s arrival and will commence search operations.

Appendix B Dorado Hydrographic Survey Concept of Operations

Authors: Gashler, O’Reilly

Version: 1.0

Date:  07 December, 2001
Modifications:

Objective  Routine acquisition of oceanographic quality science data in Monterey Bay.  This document emphasizes the acquisition of hydrographic survey data, which will consist of high quality conductivity and temperature data, as well as ancillary biological oceanographic sensor data, to be determined.

Precruise Preparation

Preparations may start several days in advance of the proposed mission date.  Approximately 24 hours are necessary to preflight the vehicle in a configuration in which its operation has already been operated.  Additional time is required for the integration of new sensors, or new sensor combinations.  Software integration of new sensors and ballast and trim considerations dominate the time required to prepare a new vehicle configuration.  The vehicle sensor package delivers regulated power at appropriate voltages and supports high quality CTD data acquisition as well as the acquisition of an appropriate number of auxiliary analog and serial data. 

In order to operate the vehicle in the most efficient manner, consensus regarding a vehicle configuration has been reached.  The vehicle has been assembled, tested, ballasted, and trimmed.  Test missions have been conducted in order to confirm vehicle functionality.  Data acquired during test missions have been inspected and ground truthed to the extent possible. 

By the end of the working day prior to the date of the intended operation the following tasks have been completed by a two person vehicle operation team with assistance from a two person ship operations team as necessary.

1. Battery pack charged and installed.

2. All vehicle subsystems deck tested.

3. Deck mission run, payload data inspected for consistency.

4. Test vehicle tracking equipment aboard the R/V Zephyr.
5. Test vehicle operation station aboard the R/V Zephyr.
6. Install vehicle launch/recovery system.

7. Load vehicle aboard ship, prepared for launch.

8. Secure all equipment for sea.

A four person science team is simultaneously loading and preparing equipment – a small CTD rosette, a filter sytem for chlorophyll samples, and a plankton net.

An hour before the ship’s intended departure time the following tasks are completed by the two person vehicle operations team:

1. Vehicle subsystems tested.

2. Vehicle tracking and operations stations powered.

3. Launch/recovery system rigging checked.

4. Log started for the day’s operations

Data Acquisition Missions – Attended

loosely attended mission to M1 [and back]

attended mission to M2

Attended Mission to M-1 

Initial data acquisition missions will be based and attended from the R/V Zephyr.  Auxiliary science sampling will occur from the ship before and after the AUV mission.  This sampling will consist of a cast with a compact CTD rosette.  During the AUV mission the ship will acoustically track the vehicle, so that the vehicle operation team is in constant contact with the vehicle during the course of its flight.  Initial missions will commence at the C-1 hydrographic station (the starting location of the P1 CTD cruises from the R/V Point Lobos) and terminate at the MBARI M-1 mooring.  The missions will probably include an initial excursion to 200 meters at the C-1 station and an excursion to 500 meters at the M-1 mooring.  Periodic surfacings for GPS position updates may be necessary during the course of the mission, depending upon the navigational accuracy required.  The vehicle will execute a sawtooth pattern in the vertical plane during the transit to M-1.  The exact vehicle flight profile is configurable and will be determined by the science team and programmed by the operations team.  Time may permit the vehicle to acquire data during a return leg to the C-1 station; alternatively the vehicle may be recovered by the Zephyr at M-1.

Loosely Attended Mission to M-1

After a sufficient number of successful attended operations have been completed, greater operational efficiency will be achieved by allowing the vehicle to acquire data without continuous (ship-based) acoustic tracking.  Ship-based science sampling will be conducted while the AUV is executing a preprogrammed flight path to a rendevous point.  The vehicle will be launched and tracked during its departure from the vicinity of the ship.  It will be allowed to continue on its mission if the acoustic tracking data indicates that the mission is proceeding normally, acoustically aborted otherwise. 

Upon determination that the mission has properly commenced the ship will move on to its secondary science sampling program, probably along the intended track of the vehicle.  The sampling stations will complement the sampling of the vehicle, serve to ground-truth the data acquired by the vehicle, and allow the ship to remain in the intended vicinity of the vehicle.  Periodic radio transmissions from the vehicle during the course of its mission will be monitored from the ship .  Secondary science sampling will terminate and search for the vehicle will commence upon negative vehicle contact.

Infrastructure for Unattended Operations

The Monterey Bay region has communication, navigation, and logistical infrastructure elements that may be exploited to enhance attended and unattended AUV operations.  These elements include the following.

Communications infrastructure

Communication between the AUV and shore (or ship) will increase confidence and capability of both attended and unattended vehicle missions. Existing and potential communications infrastructure elements include the following:

RF network: Elements of MBARI’s RF network include transceivers on the summit of Mt Toro (elev. 1000 meters), aboard ships and moorings, and at MBARI’s Moss Landing facility. These elements might be utilized by the AUV while the vehicle is on the surface (the vehicle currently carries a 900 MHz radio and antenna). The regional cell phone network could also potentially be exploited.

Satellite --  The AUV can potentially utilize satellites for one-way or two-way communications, if the onboard satellite transceiver and antenna can be accommodated within vehicle constraints. Some of these satellite systems provide near real-time communications, while others are “store and forward”.

Acoustic communications – Existing and planned MBARI moorings can be fitted with acoustic modems for AUV communications. Acoustic modems could also be deployed on future cabled systems in Monterey Bay, such as MARS.
Navigation

Long baseline acoustic navigation transponders can be deployed in an array to allow the vehicle to obtain a precise navigation fix in a limited area.  This may prove particularly useful in allowing the vehicle to remain submerged but in a relatively small area at the inshore rendevous point, where vessel traffic and the proximity of breaking waves present significant danger to the vehicle.  Alternatively the same transponders deployed at the M-1 mooring site would allow for the vehicle to remain submerged (and thus avoid the hazards associated with surfacing – ship traffic, failure to dive, wave action, etc.) for the duration of its mission without sacrificing navigational accuracy.

Logistics

Efforts are ongoing to rebuild the MLML pier.  The inclusion of a davit on the pier will allow for launch of the vehicle and mission initiation without the use of a ship.

MLML marine operations and MBARI operations each have small boats which are capable of tow recovery from the region of the MLA buoy.  The potential exists for the AUV to be recovered without the use of a crane-equipped vessel.

An RDF equipped overwater-capable aircraft is based at Watsonville airport.  Pilot Bob Van Waggenen is expert at locating RF Beacon tagged wildlife and has indicated willingness to attempt to emergency locate AUV on surface of Monterey Bay.

Data Acquisition Mission -- Unattended

AUV missions which are not accompanied by a dedicated support ship are termed “unattended” missions. In these mission scenarios, the AUV will not be accompanied by a dedicated support ship. Rather, the vehicle will be launched from a near-shore platform such as the Moss Landing pier or a ship, and then will proceed unattended to M-1 or M-2. Upon reaching the mooring, the vehicle will turn around and return to the Moss Landing area for recovery. During the mission, the vehicle will utilize elements of the communications infrastructure described earlier. To utilize RF communications, the vehicle will periodically “pop up” to the surface (where a GPS navigation fix could also be obtained). If acoustic communications are available, the vehicle can remain underwater. Data transferred from vehicle to shore will include vehicle location, a summary of vehicle health and status, and perhaps short “snapshots” of science data. In addition, commands may be transmitted from shore to the vehicle. These commands would provide the capability to abort the mission (due to weather, vehicle problems, or other factors), and perhaps the capability to modify the mission profile or sampling strategy.

Distance from C-1 to M-1 is approximately 22 kilometers; estimated roundtrip time is approximately 10 hours. Distance from C-1 to M-2 is approximately 54 kilometers; estimated roundtrip time is 24 hours.

Recovery

Upon completion of the mission offshore the vehicle will be located via its radio modem and beacon and recovered via the dedicated handling system aboard the R/V Zephyr.  Transit to port will follow.  Unattended missions may eventually terminate in a long baseline navigation beacon array near the C-1 hydrographic station.  Mission termination will eventually be programmed to occur near the MLA buoy – in such a case vehicle recovery involve towing the vehicle back into port with a small boat.

Data Analysis/Archive

Upon recovery of the vehicle and return to Moss Landing the vehicle flight and science data will be converted to engineering units and inspected via standard visualization tools. Any discrepancies will be addressed before the next mission.  The day following the mission high quality data from the subset of the vehicle sensors which are mature and of institutional interested will be loaded and archived in a database analogous to that used by the ROVs and Biological Oceanography Group.  A standard set of data products will be produced, and the quality of the AUV data will be assessed through comparison with data acquired concurrently via the moorings and ship-based systems.  Three days after the mission a concise cruise report will be completed noting results of the mission and any special circumstances regarding the mission.  The cruise report will be internet accessible and will become part of the vehicle’s operational record.

Appendix C Biolume/Ocean Complexity Time Series Concept of Operations

Edited by Hans Thomas

Mission Description

Dorado will be used to map physical oceanographic parameters and bioluminesence in the upper 500 meters of the water column in several areas of Monterey Bay. The location and geometry of physical oceanographic surveys will vary, based on moving fronts detected with other platforms (moorings, satellite, etc). Biolume surveys will occur in a relatively fixed geometry off Davenport, CA. These surveys will be performed in conjunction with a REMUS vehicle, in order to provide denser time/space sampling. Operations will be performed from both the R/V Zephyr, as well as the R/V Pt. Sur. The first deployment of the vehicle will take place in August of 2002, with subsequent cruises in August 2003 and August 2004.

Vehicle Configuration (First Year)

The vehicle payload consists of a water sampling package. This package is made up of the following instruments:

SBE49 FastCAT CD

LISST-100 Particle Analyzer

HS2 Flourometer/Backscatter

Dissolved Oxygen Sensor

ISUS instrument

Bathyphotometer

The following figure depicts the instrument configuration, and shows a few details of the plumbing and electrical configuration. In addition to these instruments, a 300 KHz ADCP/DVL is located in the tail of the vehicle and provides water current profiles at a TBD rate as well as bottom velocity at a TBD rate



























Instrument Configuration (Year two)

In Year Two  of the program (FY2003), an integrated upward/downward looking dvl package may be substituted for the single downward looking adcp/dvl. This would provide a more complete current profile of the midwater region. In addition, in-situ water sampling may be experimented with in year two.

Instrument Configuration (Year Three)

In Year three, the vehicle would contain the year one science package, augmented with the up/down ADCP and a proven water sampling capability.

Cruise 1

Ship Mobilization (1.5 days) –

Operations will be performed from R/V Pt Sur.

Load REMUS vehicle and buoys onto ship. REMUS is small and light enough to stage in dry lab. Dorado vehicle, tracking pole, and support gear loaded on board. Dorado support (control station, tracking) set up in MST lab. Install antennas onto ship for AUV RF network. This network might allow communication with Mt. Toro relay, allowing the AUV to contact the ship from over the horizon/long range.

Launch and recovery of dorado can be done over the Pt. Sur’s stern, using some ramp system. The aft well deck can be uncovered, allowing a minumum freeboard entry into the water. 

Acoustic Beacon installation

Biolume surveys will consist of 6 radial surveys centered on a point a mile or so off the beach at Davenport. Since the bottom drops off too far to allow DVL’ing off the bottom, we will first install 6 transponders at the offshore end of the legs. The vehicle will navigate using INS/DVL for the first 15 or so kilometers, then begin homing in on a given transponder from several kilometers away (assumes we can improve the LBL performance). Also, deploy remus buoys for first day’s survey.

Biolume Survey

REMUS is used to repeatedly survey one radial, to provide baseline data. Dorado is used to survey other radials.

Deploy dorado vehicle after sunset. Time is approximately 7:00 pm. Vehicle begins performing yo-yo mission towards first beacon. Mission is executed without surfacing, or with one intermediate surfacing for GPS fix. R/V Pt. Sur proceeds along one of the radials, performing vertical biolume profiles and CTD casts to ground truth AUV data. The remus vehicle can be tracked using it’s buoys. While the ship is stationary doing profiles, the tracking pole can be deployed to check on dorado progress.

It may be interesting for dorado to follow density or other physical gradients, in order to get the best biolume signature. New behaviors will be needed for this.

After performing ship profiles, Pt. Sur proceeds to REMUS recovery site. Recover remus; remus recoveries using ramp as well? Ship then proceeds to dorado recovery area, communicates with dorado to get a GPS fix, and goes in for the recovery. After recovery, REMUS is turned around for next evening. Dorado is immediately put on charge for next run; maybe we have to swap battery if we can’t charge enough. Time is approximately 5:00 AM.

CTD/Frontal process survey

Ship/shore RF network connection through Mt. Toro allows John Ryan to access real-time data from satellites/aircraft/M1/M2/M3/whatever. During the night, John determines survey line he would like to run. Dorado is deployed at approximately 7:30 AM. Navigation for midwater surveys done using combination of doppler-aided navigation if shallow, periodic GPS surfacing, or bathymetry navigation if high relief. Vehicle uses on-board covariance estimation to determine if surfacing required. Pt. Sur tracks vehicle during initial part of run. If navigation is good, Pt. Sur can then move around to perform CTD casts. Communication with vehicle through Mt. Toro relay, or direct if good line of sight. Periodically, vehicle surfaces and relays back data snapshot. CTD casts and vehicle data used to determine new missions. We might want behaviors like density layer following, thermocline following, etc. Vehicle is recovered at approximatey 4:00 pm. If fast charge, we then charge the batteries for two hours to repeast biolume cycle. Otherwise, we swap battery sections while ship goes to deploy remus buoys.

Technology Issues

Vehicle Navigation –


Improve LBL range performance to at least 5 km, preferably 10 km.


Bathymetry following – how accurate, get digital elevation map onboard vehicle


GPS reliability needs to be improved

Vehicle Communications


Micro-cell wireless comms between ship, shore, and vehicle

Batteries –


Fast Charge (C/2 minimum), otherwise we are swapping sections a lot. If we don’t get this, then we need to improve joining rings

Appendix D Concept of Operations:  Guaymas Multi-Beam Sonar

Edited by Mark Sibenac

Objective

· Produce high quality bathymetric maps of the seafloor registered to the earth with a lateral accuracy <= 3 meters and a vertical precision <= 0.3 meters.

Pre-Launch

Operations Preparation

· Acquire 8 TR7000 LBL Transponders and prepare them for deployment (batteries, burn wires).

· Confirm that DGPS on the RV will get differential corrections.

· For data storage and processing, make sure there is enough hard drive space and have fast, high density duplication hardware (DVD burners, RAID drives, tape drives, FireWire harddrives).

· Obtain necessary permits.

· Check climate data to find optimal working hours (specifically launching/recovery tasks)

Transit

· Set up communications, tracking, and control computers.

· Set up data server and data crunching machines.

· Set up DS7000 LBL deck unit with a pole-mounted hydrophone.

On Site Preparation

· Conduct CTD profile to approximate deepest place in survey area.

· Deploy LBL beacons in a staggered pattern as shown in Figure 1 which will allow the AUV to operate in a 3 km x 6 km site.




Figure 1: LBL Grid Deployment

Such a geometry should guarantee continuous 2 beacon solutions, with 3 beacon solutions available for most of the survey. This is based on 2001 ALTEX testing in Monterey Bay which showed a reliable working range of 1500 m. Once the support vessel arrives on site using DGPS, the AUV team will deploy each transponder, then perform cloverleaf maneuvers over each transponder for 45 to 60 minutes to collect slant range data. Transponder deployment, including transit, final checkout, deployment, and survey, will take ~2-2.5 hours per transponder. Note – the current survey technique relies on adjusting the average speed of sound to minimize residuals. It would probably be beneficial to rewrite the algorithm so it adjusts speed of sound automatically, or to have XBT’s or CTD’s available to get real temperature/salinity data.

Another idea is to only use 3 LBL transponders so the AUV can reinitialize its position every once in a while when it gets a good fix. Deployment and recovery of the LBL grid can be a huge cost in terms of time.

Pre-Dive

· Since missions will be 10-28 hours long, this step may be the most important to make sure logging systems are logging, sensors are sensing, and computers are computing.

· Run through normal vehicle checkouts including tailcone, pressure, nav, etc.

· Run specialized sonar system checkout (tbd by Reson), both cabled through GUI and wireless through MVC.

· Do sanity checks on free disk space, clocks, UTM zones, vehicle configuration files, battery voltages, and tracking frequencies.

· Verify the LBL TR7000 transponders are awake with DS7000 deck unit

The Missions

Deep Ocean Mapping (2000m)

· Configure mission script using GUI tools, upload to AUV, then start execution.

· While the AUV is on the surface, monitor as many systems as possible through real-time telemetry and logger messages to verify correct operation.

· After correct start-up has been verified, detach rigging and let the vehicle dive using a drop-weight.

· The operator must send “continuation” commands via the acoustic modem every 15 minutes. If the vehicle does not receive an update within a timeout window of 20 minutes, it will drop the descend and ascend weights, and come back to the surface. (This assumes the acoustic modem is necessary for initializing the INS and other mission-critical communications.)

· The vehicle will drop the descend weight when a minimum altitude of about 250m is reached. (This assumes a propless descend.)

· The vehicle attempts to “initialize” its position by pinging the LBL transponders and swimming around until a statistically good position is obtained. Another option is to initialize its position via the acoustic modem from the surface tracking system.

· The vehicle now starts the 8-24 hours of sonar scanning of the ocean floor by performing a pattern that optimizes ground coverage and sonar coverage. Some pattern ideas are cloverleaf, Zamboni ice cleaning, spiral, and simple farm harvesting.

· An essential feature of the survey plan is that cross lines be obtained to allow correlation of bottom features in overlapping swathes.

· The vehicle should carry on with the sonar scans until batteries reach a minimum threshold or the entire site has been scanned.

· The ascend drop weight will be released at this point while the vehicle comes to the surface, still logging telemetry. (This assumes propless ascent because of ill energy reserves.)

· When the vehicle surfaces, the RV will locate and locomote to the AUV for pickup.

Canyon Mapping (50-2000m)

· This should be similar to the Deep Ocean Mapping Mission but differs in complexity since the starting depth may not be so deep.

· Drop weights should not be necessary since the prop will be spinning for the entire mission. 

· Acoustic modem communications should not be necessary for position initialization since continuous DVL lock can be had if starting from shallow waters (under 250m depth).

· LBL navigation should not be necessary since continuous DVL lock should exist.

· The locomotion pattern may involve a longitudinal section and a transverse section to cancel out any shadowing effects of the canyon walls.

· An essential feature of the survey plan is that cross lines be obtained to allow correlation of bottom features in overlapping swathes.

Post-Dive Operations

· Once the vehicle is on deck, shore power and 100Mbps Ethernet should be connected immediately to begin data offloading. Transfer rate will be better than 4.5 GB in 10 minutes (75% of 10 bits/byte). It is likely that 5 GB/hour of data will be the worst-case capture rate if back-scatter data is collected too. So for an 8 hour mapping mission, 8 hr x 5 GB/hr / 0.45 GB/min = 89 mins (1.5 hr) are needed to download data from AUV. A 24 hour mapping mission would need 24 hr x 5 GB/hr / 0.45 GB/min = 267 mins (4.4 hr) to download. We need to worry about cooling the onboard Reson computer while this transfer is happening if the ambient temperature is high. Monitor telemetry to prevent melt-downs at all times.

· The battery(s) should begin charging in-situ as soon as possible, while the system is on shore power. Other option is to hot-swap battery(s) while data offloading is occurring.

· If drop weight system is used, new weights and burn wires need to be installed.

· Some data will be post-processed to assure success before the next mission is run.

Trade Studies

Low/Medium/High Risk Configurations

Three cases are broken down into operational scenarios based on their associated technology risk. The “low risk” scenario utilizes either off-the-shelf techniques/technologies which we have positive field experience with. The “medium risk” scenario utilizes off-the-shelf technologies demonstrated elsewhere, but ones which we may not have direct experience with. The “high risk” scenario utilizes technologies which are still under development and represent significant hurdles, both in validation and integration. Table 1 summarizes the three technology risks by various vehicle subsystem

All use cases consider a multi-beam survey of two target areas in the Guaymas basin of the Gulf of California. Area 1 has minimal vertical relief, with 100m total relief over the survey area, and is roughly 3 km by 6 km. Area 2 is 4 km by 24 km in extent, with a 2 km wide, 300 m deep canyon running north to south, slicing the survey area  in two roughly equal halves. Depth for both areas is ~2000 m. These use cases consider survey altitudes of 150 m and 100 m; these yield useful (120 degree) swath widths of 510 m and 340 m respectively.

Sub-System
Low Risk
Medium Risk
High Risk

Navigation
· DMU/AHRS w/ 300 KHz DVL

· 10 KHz Benthos LBL w/ full coverage

·  Trackpoint II Surface Tracking w/ High Output Multibeacon
· Kearfott INS/DVL

· 10 KHz Benthos LBL w/ partial coverage 

· Trackpoint II surface tracking w/ High Output  Multibeacon
· LN250/PHINS INS/DVL

· no LBL or Sonardyne LBL

· Sonardyne ROVNAV surface tracking

Power
· 3 KwH Silver Zinc Battery Pack(s)

· Manual/External Charging
· Lithium Ion Cells in 1 atm hsg

· In Situ auto charging
· PT Lithium Polymer

· In Situ auto charging

Acoustic Comms
· None
· None
· Linkquest or Datasonics modem

CTD/SVP
· SBE25
· SB42 fastcat
· SB42 fastcat or TBD SVP

Depth Sensor
· Paroscientific External
· TBD Internal
· TBD Internal

Fault Monitoring
· None
· Hsg pressure/temp/humid sensors
· Hsg pressure/temp/humid sensors

Drop Weight
· None
· TBD Descent weight
· TBD Descent & Ascent weight

Navigation Quality

Assuming a mission altitude of <=200-150m, this gives continuous DVL lock; kearfott performance w/ continuous lock <.1% distance traveled – is this good enough?

8 hour (28800 s mission duration) means 43.2 km mission distance (@ 1.5 m/s) means .1% * 43200m =  43.2 m total error

14 hour (50400 s mission duration) means 75.6 km mission distance (@ 1.5 m/s) means .1% * 75600m =  75.6 m total error

24 hour (86400 s mission duration) means 130 km mission distance (@ 1.5 m/s) means .1% * 130000m =  130 m total error

Descent profile –

Rate - 25 m/minute (free or powered) (conservative?)

Operating depth – 2000m (gulf of california)

Descent time = 2000m/(25m/minute) =  80 minutes

Rate – 30 m/minute (free)

Descent time = 2000m/30m/min = 67 minutes

INS drift – 1.0 mile/hr = 1800m/hr

Energy

Power –


190 w (hotel, propulsion, nav) + 40w (sonar on, not pinging ) = 230 w (propulsion, nav sonar)


190 w (hotel, propulsion, nav) + 130w (sonar on, pinging) = 320 w (propulsion, nav sonar)

 
60 w (hotel, nav, NO propulsion, sonar off)

Power profile (assuming free descent and Ascent, sonar off during descent and ascent)

Descent – 1.3 hr @   60 w =      78whr

Mission -  8.0 hr @ 320 w =  2560whr

Ascent   -  1.1 hr @   60 w =     66 whr

Total                                       2704whr for 8 hr mission

Total                                       4624whr for 14 hr mission

Total                                       7824whr for 24 hr mission

Power profile (assuming powered descent and Ascent, sonar off during descent and ascent)

Descent – 1.3 hr @  210 w =  273 whr

Mission -  8.0 hr @ 320 w = 2560 whr

Ascent   -  1.1 hr @ 190 w =   209 whr

Total                                      3042 whr for 8 hr mission

Total                                      4962 whr for 14 hr mission

Total                                      8162 whr for 24 hr mission

Power profile (assuming powered descent and Ascent, sonar on during descent and ascent, pinging during mission)

Descent – 1.3 hr @  270w =   351 whr

Mission -  8.0 hr @ 320 w = 2560 whr

Ascent   -  1.1 hr @ 250 w =   275 whr

Total                                       3186whr for 8 hr mission

Total                                       5106whr for 14 hr mission

Total                                       8306whr for 24 hr mission

Appendix E MOOS Docking: Concept of Operations Jan.14, 2002 Rev.E

By W. J. Kirkwood, MBARI

Contributions - MOOS group, Mark Chaffey, Mark Brown

Pre-deployment: Vehicle capabilities needed to be in place prior to operation 
Operations preparation

· MOOS dock in place

· Local licenses in place for long term placement of dock and vehicle

· AUV Ops staff and maintenance capabilities 

· Dock to shore communications in place  

Vehicle preparation

Two Weeks prior to Deployment: 

Preparations for Dorado AUVs deployed to MOOS docks follow a similar procedure to all AUV operations. The vehicle is assembled in the lab and each sub-system built up until the entire vehicle is assembled and ready for test as an integrated AUV. The configuration and payloads are recorded in the vehicle journal. The vehicle is placed in the test tank and ballasted over a one-day period. The ballasting information is written in the vehicle journal to create a long term record of weight and balance for various configurations, plus to have a record for comparison to previous configurations. Once the AUV is ballasted a sample mission is run in air. The mission, for MOOS docking vehicles, always includes a check of the latch and the behaviors used for docking. The science payload is also given the appropriate tests. 

One Week prior to Deployment: 

The vehicle has passed the integration checkout and the pre-dive checklist is once again checked for a wet test in the test tank (or at dockside). The vehicle is lifted into the tack and restrained in as appropriate manner allowing for the required testing. The vehicle has now completed all of the quality checks needed to approve loading onto the Zephyr for deployment.  within the tank. begin the process three weeks in advance of the deployment date. Each vehicle will be fitted with the docking hardware and checked out in the test tank for functionality. The vehicles are not necessarily the same for each docking location but all have been checked for compatibility and able to dock at any location. 

Two Days prior to Deployment (mobilization day):

The AUV is transported to the Zephyr and loaded onto the launch / recovery mechanism. The vehicle systems are checked once again with the Zephyr in the loop. The Zephyr systems are used to verify the vehicle is able to communicate (wireless), the navigation systems are functional, and the otherwise verify the vehicle is ready for deployment after being moved and loaded. The necessary equipment for the deployment is secured and the vehicle is lashed down / restrained for ship transport to the launch coordinates. A meeting is called for the ship, AUV, and MOOS personnel involved to review the vehicle, ship, and MOOS Dock status along with the deployment plan. The team agrees to meet at the ship for departure and to leave the dock at the prescribed time to make the deployment schedule. 

One Day prior to Deployment (mobilization contingency day):

The team carries out any last minute details and the AUV team makes final preparations for the vehicle deployment. Ships crew verifies weather, secures ship for sea, etc., MOOS and science personnel verify dock is in order communicating properly. If anything is not in order the team reacts to rectify the condition to the extent possible. 

The Operations: 

MOOS has five distinct operations / missions* (Concept of operations): 

Regularly scheduled missions and surveys

Event response with human in the loop 

A. Autonomous event response 

B. Maintenance (including deployment and recovery)

C. Act as a data courier for remote benthic instruments

*Each of the scenarios can be either single or multiple vehicle operations. 

Concept of Operations – A:   (Standard missions / surveys) 

The AUV is docked to the designated MOOS docking station
. The vehicle has downloaded its data, status, and other information as required. The AUV has also recharged its power source and has alerted the MOOS system it is ready for deployment.

The AUV goes into a sleep mode and awaits further instructions. On a periodic basis the AUV awakes and issues a notice about its status and readiness. Once the MOOS staff or system have determined a mission a new or existing script is written for download to a selected AUV. The MOOS system awakes the selected AUV on the prescribed dock and verifies status. Once the ready status is confirmed the MOOS system selects either to use the previous mission, enter a new mission, or requests an older mission from a mission library. The AUV processes the mission request and verifies the mission it is planning on executing. The MOOS system can either modify the mission or accept it as stated. Once the MOOS system is satisfied the mission is correct it initiates the mission start. The vehicle becomes fully awake and does a self-check for functionality, this data is sent back to the MOOS system and departure approval is given. The AUV departs from the dock and transits to the selected location for this mission. Periodic data samplings are sent back to the dock or another receiver in the MOOS system to verify quality. If communications are impaired the vehicle performs quality checks to the extent possible. If communications are in place the MOOS system can decide to change mission parameters or execute a new mission. The AUV will acknowledge the receipt of the communications and execute the new orders. Once the AUV has executed the new plan / parameters it issues a status message verifying the changes have taken place. 

Once the mission has completed the AUV returns to the designated docking station. Note: the designated docking station does not have to be the original launch docking station. The vehicle homes in on the appropriate dock and establishes communications that it is coming into dock. Permission is given by the MOOS system to dock and the order is executed by the AUV. Once docked the vehicle maneuvers as needed to connect with the dock. The dock engages and establishes power and communications with the AUV. 

The AUV at this point allows several options to be exercised. The vehicle can either begin a standard data download, or it can be directed to give some data sub-sample for quick transfer. The data is eventually completely downloaded and backed up, including all the vehicle parameters, meta-data, and status information. The vehicle goes into a sleep mode while recharging with periodic “wake-ups” to issue readiness statements. 

The AUV can be directed to launch by MOOS even if it is not at 100% readiness. This may be needed in the vent of sharing a dock in an event response scenario or for maintenance reasons. The vehicle also has safety mechanisms to prevent self-destruction, such as power monitoring which (as calculated by the vehicle) will shorten a mission and / give it sufficient margin of safety to return to the designated dock.    

Mission durations are easily selected from a minimum of an hour or less to 24 hours. Payloads include all the current instrument suites in use by AUVs and the MOOS user has readily available information about the vehicle configuration during the mission planning sessions. The AUV is highly reliable and data transfer at the dock is robust enough to handle interruptions due to environmental or other disturbances, this ensuring minimal loss of science data. The data system has robust behaviors such that data is protected until the MOOS system user / autonomous server releases the data space on the vehicle. 

The vehicle also offers a series of preprogrammed missions for science / MOOS users to select or modify. Common missions easily selected for surveys include: (See Appendices)
A. “mow the lawn” as described in MOOS Functional Requirements section 6.2.1.1 “Are nutrients resuspended during coastal upwelling?” 
B. “map a front” as described in MOOS Functional Requirements section 6.2.1.3 “What processes force along-front flow, cross-front exchange and enhanced vertical flow at fronts, and what are the consequences of these processes?”
“trace a water mass” and “follow a temperature profile” as described in MOOS Functional Requirements section 6.2.1.2  “How far are nutrients transported offshore during upwelling?” and section 6.2.1.4 “What is the biological response to upwelling?” and section 6.2.3.3 Water Column Measurements:
C. 
D. “Act as a data courier for remote benthic instruments” as described in MOOS Functional Requirements section 6.2.3. “Use Scenario 3: Active Mid-Ocean Ridge Processes”
In the event of failures the vehicle has a hierarchy of responses to select from. If the data quality is outside of set parameters the vehicle can either continue or return, this is decided by the MOOS system user. If the vehicle is unable to return due to low power, broken propulsion, loss of control, or other unforeseen condition the AUV executes a series of safety measures to attempt contact. The vehicle defaults to surfacing and attempts to make contact to the MOOS system user. The vehicle establishes a link such that data transfer and location are both in place. In the event of a completely dead vehicle the system has passive location capability for an extended period, approximately one week has been estimated.  Additionally, the vehicle (once on the dock) is readily available to the MOOS system users desktop for data access. 

Multiple vehicle operations are no different except that vehicles can pass information between themselves for the purpose of mission control and data relaying. Multiple vehicles are programmed to execute a coordinated mission plan. If required, the vehicles pass relevant data between themselves for purposes of enhancing the data set (e.g. several vehicles work along the edge of large front and want to spatially cover a larger area but have common data points at the boundaries to assist with data reduction). 

Concept of Operations – B: (Event response with human in the loop)
The vehicle is in position and ready as outlined in ConOp A. The MOOS system user gains knowledge of an event significant enough to reallocate resources. The prescribed vehicle is contacted, either on the dock or during a routine mission as outlined in ConOp A, and given new instructions. The instructions include new coordinates, new mission parameters, and behaviors as required. The vehicle acknowledges receipt and sends a reply that it is reconfiguring. Once the vehicle has successfully reconfigured the vehicle responds to the MOOS system that it is executing the prescribed mission. The data stream includes an estimated mission duration based on the current available power. During the mission the vehicle continues to send data samples for quality check by the MOOS user. If communications are broken the vehicle complies with ConOp A and attempts data checking to the best of its abilities. This ability is continuous, it is only limited by the vehicle to acknowledge one set of commands at a time. (Note: an assumption is made here that the MOOS system will prevent conflicting commands or multiple user commands to the same AUV). 

Once the mission is completed the vehicle returns the designated docking site. The vehicle follows the procedure outlined in ConOp A. If multiple vehicles are designated to a particular dock, the vehicle use one of two methods to dock: 

1. The vehicles all park on the docking system and take turns downloading data and recharging. 

2. The vehicles, through communications with the MOOS system, are reassigned to other docks. 

Concept of Operations – C: (Autonomous event response)
In this scenario the vehicle performs all of the same functionality as in ConOp B except that the system is self-determinant. Once an event is detected the MOOS system selects the desired AUV and follows the same operations as outlined in ConOp B. The MOOS system awakens the vehicle and establishes the vehicle’s readiness. The new mission is downloaded and the regular procedures are executed. The vehicle performs the same download and replies back that it has successfully accepted the mission. Two-way communications are also available for modifications of the mission plan should the MOOS system user wish to intervene. It is assumed here that the MOOS system will notify the MOOS system users and so forth without AUV intervention. 

Concept of Operations – D: (Maintenance)

Ship Launch 

The Dorado docking AUV is launched in the exact same manner as any other MBARI AUV. The vehicle is prepared as outlined in the first section of this ConOp. The vehicle is transported to the site of the dock it is initially assigned to as prescribed. Once on site the team readies the vehicle by starting the power system and bringing up the main vehicle computer. The AUV responds to all of the final checks in a positive manner and the vehicle is ready for launch. The captain and AUV operations lead make the final call based on weather and other conditions. The AUV launches using the MBARI L&R system on the Zephyr (this does not preclude the use of a ship of opportunity). 

Docking

The MOOS docking AUV move to or return to the approximate location of the dock (based on navigation initial knowledge given or collected over time). Using a search interrogation system the AUV will locate the dock and orient itself as required to perform the docking maneuver. Upon approaching the dock the vehicle will extend its docking mechanism and latch onto the dock. The vehicle will then position itself properly to mate power and data connections. The dock has no moving parts and only supports location sub-systems in a responsive manner based on AUV interrogations. The docking system will accommodate a variety of vehicle lengths based on payload and power configurations. The vehicle also allows for the dock to accommodate other vehicle types, therefore the docking portion of the vehicle should not cause other AUV types to be precluded from using the MOOS docking system.    

Ship Recovery

The Docking AUV is recovered in the same manner as any standard AUV. The AUV is given the command to surface and be recovered. The Zephyr’s dock is readied and the team takes its stations for recovery. The vehicle supports the more traditional methods of recovery from ships of opportunity also should the Zephyr be unavailable. The vehicle is tracked on its accent by one of the AUV team. The team on deck has readied the recovery system. The team starts to keep an eye out for the vehicle as the navigation / tracking team member calls out bearing and distance. 

Platform Turnaround

The MOOS docking AUV has regular maintenance. As the docking systems are scheduled for maintenance the AUVs are matched on schedule. 

The team has met and discussed the mission. The ships crew and AUV team each know the tasks they have to perform to recover the AUV and docking station. The ship transits per the usual protocol and gets on site. 

Once on site the AUV is given a recovery mission. The vehicle responds with an acknowledgement and executes the mission plan. After the allotted time (variable based on depth) the vehicle ascends and mates to the recovery system. The vehicle is brought on board and properly stowed. The docking system is then recovered in due fashion per MOOS systems design. The systems are secured and the Zephyr heads for home. 

Several days later (TBD)
The procedure is reversed to put a replacement / turn-around dock in place. Once the dock is in place the procedure outlined in ConOp A is followed. The vehicle is taken to the site and launched per normal procedure. The vehicle descends to the dock and establishes communications. The MOOS docking system acknowledges the AUV and gives the proper permissions required for docking. The AUV docks and establishes power and data connections as stated previously. The data is read and verified on the Zephyr by the AUV crew prior to leaving the site. 
Concept of Operations – E: (Data courier for remote benthic node)
In this scenario the vehicle performs all of the same functionality as in ConOp A except that the system has a primary mission of docking at a remote site, retrieving the data from that site node, and returning to a designated dock. The AUV performs the same functions as before by accepting the mission, acknowledging the mission is accepted and releasing from the dock. The same scenario for docking is also applied, the AUV approaches and receives permission to dock. The AUV engages the dock with data and power connections. Once the data is successfully downloaded to the vehicle, and the power is sufficient to return to the next designated dock, the AUV begins a mission execute. The AUV acknowledges the mission execution and departs as per usual, then heads towards its intended destination. 

Two points of interest come into this operation. First, the AUV knows it is still on an uncompleted mission. Secondly, the dock does not need to initiate the launch order to the AUV. Since the AUV is still on a running mission the remote dock is notified that a mission is still in progress (through status reporting) and the vehicle alerts the dock when it is taking off. This functionality does not preclude the same interrupt options to change mission parameters in the event of a MOOS system user deciding to alter the mission configuration or enter an entirely new mission. 
Appendices: (Taken from MOOS Functional requirements Document – Version 4)
3.3 AUV Measurements

A continuous and event response mapping capability is required for this experiment.  For the purposes of this use scenario, we are assuming that this capability will be served best with an AUV although other platforms should be considered.  Both mapping capabilities would require a navigation accuracy on the order of 10 meters in all three directions to provide adequate map resolution.

3.3.1 AUV Instrument Suite

We would like to include instruments from the following list.  ISUS for sulfide, nitrate, organic carbon and bromide, O2, FE digiscanner, rapid osmo-sampler, transmissometer, CTD, ADCP. When sensors/samplers become available for microbial or larval determination, these would be added to the package.

.

3.3.2 Continuous Mission Profile

Continuous missions would be run on the order of once a week.  As described above, most events of interest can be clearly identified for at least 2 – 3 weeks after the event and in some cases several months. For the purposes of this use scenario we are describing the most desirable sample rate.  The spatial extent of the continuous mission is shown by the smaller, 10km by 20 km  yellow box in Figure 2.  A single lawn mower pattern at a depth of 50 to 200 meters above bottom with transects spaces about every 3.3 km across the ridge axis would give a mission length of 100 km (4 legs * 20 km/leg + 3 legs * 3.3 km/leg + 10 km return to dock).  At 3 knots, this would be a mission length of 18 hours.  Assuming a vehicle which requires 250 watts to run and power instruments, this would imply an energy storage capability on the AUV of 4500 watt-hours and a energy recharge source capable of delivering a continuous 30 watts to the vehicle to meet the desired 1 week mission period ( (18 hours * 250 watts) / (168 hours – 18 hours) ).  For comparison, the current M1 solar panel system provides approximately  5 to 10 watts at the surface as a worst case during the year.  

3.3.3 Event Response Mission Profile

An event response mission would require covering the larger black box in figure 2 at 4 discrete depths.  The box is 20 km by 60 km with AUV runs at 250, 500, 750 and 1000 meters off the bottom.  Using the same lawn mower pattern described above for this geometry gives a 1042km mission length, clearly a challenge for most AUVs (any AUV except ALTEX?) using current technology.

6.2 Instrumentation Temporal and Spatial Coverage

a) Temporal and spatial sensor measurements are listed below for each of the main MOOS Use Scenarios.

6.2.1 Use Scenario 1: Upper Water Column Processes 

a) The Use Scenario to investigate upper water column processes sets out to address the following questions concerning the biological and chemical response to the physical phenomena:

6.2.1.1 Are nutrients resuspended during coastal upwelling? 

a) Using dominant physical indicators like temperature and current, the MOOS system will need to detect the onset of an upwelling event within twelve hours of the start of the event. A high-resolution (6 hours) time series at a single stationary location within the mean area of historical upwelling is sufficient for event detection. The periodic sampling of the same area along the 10-km trajectory of a mobile platform is also sufficient. Nutrients of interest include micro-nutrients (iron and aluminum) and macro-nutrients (nitrate, silicate, phosphate, and particles). Measuring these nutrients upon event detection is sufficient to answer the above question. Necessary sensors include iron, CTD, ADCP, fluorometer, and transmissometer or OBS.

6.2.1.2 How far are nutrients transported offshore during upwelling? 

a) During upwelling, nutrients are transported perhaps as far as 100km along shore and 200km offshore over a period of several weeks. Investigating such transport mechanisms requires a combination of water-mass tracking, synoptic maps, vertical sections, and time series. Event detection is also required detect the large-scale jets that affect the transport question out to 200km. Water-mass tracking involves making periodic high-resolution measurements (4 hours, 1km) for the purpose of maintaining the position of a mobile observing platform within the water mass. Synoptic maps with a temporal resolution of less than 24 hours are required. These maps must adapt their scale from 20-200km and resolution from 1-10km as the water mass spreads from the upwelling source to the outer regions. Vertical sections to 200m with resolutions of 2m (0-30m depth) and 10-25m (30-200m depth) are also required. Finally, a 2- to 4-week time series at a single location within the trajectory of the upwelling plume with a resolution of 2-4 days is required. Necessary sensors include iron, CTD, ADCP, fluorometer, CO2, nitrate, and transmissometer or OBS.

6.2.1.3 What processes force along-front flow, cross-front exchange and enhanced vertical flow at fronts, and what are the consequences of these processes?

a) Convergence at fronts enhances horizontal and vertical flows and concentrates marine life. Instabilities that develop along the fronts enhance cross-frontal exchange and vertical flow. These dynamical variations influence cycling of nutrients and particles, and hence biological processes at fronts. Resolution of frontal flow patterns can be achieved at a basic level by synoptic 10-km vertical sections of the upper 100m across the front at a horizontal resolution of less than ½ km and a vertical resolution of less than 5m. Because of the rapid evolution of frontal structure and processes, synoptic in this case would mean performing sampling pattern in less than six hours. Understanding the processes and their integrated effects, however, requires the synoptic resolution of a volume. Furthermore, the sampling effort must also resolve propagating processes. Volume resolution can be achieved through a series of parallel cross-frontal sections. The required along-front horizontal spacing of transects is 1 km or less over an along-front horizontal scale of 10 km, and the required synopticity is less than one day.  To define evolution of a propagating frontal process, volume-resolving sampling must be repeated at least twice at a temporal resolution of a few days.  Required sensors include CTD, ADCP, fluorometer, OBS, CO2, iron, and nitrate.

6.2.1.4 What is the biological response to upwelling?

a) In this discussion, an algal bloom will be used as an example of scale. The requirement for event detection is the same as that in Section 6.2.1.1; however, the locations of the different types of events (e.g., algal blooms, upwelling events) do not necessarily coincide. Water-mass tracking on a scale of 5-10km with a spatio-temporal resolution of 1km and four hours is also necessary. As in Section 6.2.1.2, daily 10km(10km synoptic maps with a resolution of ½ km are required over a period of several weeks. Required sensors include iron, CTD, ADCP, fluorometer, nitrate, transmissometer or OBS, and Genosensor. Water samples and meteorological measurements are also required.

6.2.1.5 What and where are the major sources and sinks of nutrients, primary productivity, and zooplankton? 
a) This question can be addressed in a manner similar to those in Sections 6.2.1.2 and 6.2.1.3. 

6.2.1.6 What is the impact of climate variability on the above questions?

a) The following four system components are necessary to respond to the above question: 

· a short-term, high-resolution system response to episodic events, 

· a stationary observing topology for long-term time series, 

· a remote sensing capability to augment the first two components, 

· a modeling capability to interpolate between the above three components

b) Investigating the impact of climate variability on episodic processes requires first a high-resolution investigation of the processes themselves, which has been addressed in Sections 6.2.1.1 – 6.2.1.5.  Tying together high-resolution episodic investigations with a spatially sparse time series requires the additional spatial and temporal information provided by remote sensing. Although limited in the number of measured properties, remote sensing can provide large-scale daily synoptic maps that include those events not investigated by the observing system. Furthermore, remote sensing provides high-resolution information on both boundary conditions and forcing functions for model studies. Finally, to the extent that modeling provides a theoretically based interpolation of the remaining “dimensional holes” in the larger long-term picture, model studies can augment the interpretation of the processes and aid in characterizing their long-term variation.

6.2.2 Use Scenario: Canyon Processes

a) This Use Scenario, to establish the significant processes that excavate submarine canyons, includes three independent measurements systems:

· Instrumenting the canyon floor to establish a time series to better define the processes associated with sediment transport along the canyon axis and the rates and frequency at which episodic sediment transport events occur. 

· Sediment sampling with an ROV to establish the stratigraphy of the most recently deposited channel floor materials 

· Repeat mapping of the channel floor at the highest resolution possible to determine the changes that occur in topography of the channel floor.

b) The first of these measurement systems would exploit the capabilities of the MOOS system. Five near bottom instrument packages would be sited at varying water depths along the axis of Monterey Canyon, in addition to a control instrument package outside the canyon. The five monitoring stations will be approximately equally spaced along the canyon floor between ~250 and ~2250 m water depths. Collectively these instruments would form an array to measure the passage of energy and material along the canyon axis with synchronous time series data on the current structure and suspended sediment content in the lower 100 meters of the water column above the canyon floor.  Each station in the array will be designed to capture the current structure and sediment suspended load from the seafloor upwards to 80m off the ocean floor.

c) A MOOS mooring would be deployed with a multi port benthic node capable of interfacing to 6 remote instrumentation units that are located at a distance of up to 10km from the benthic node.  Each station will be instrumented with: 

· a near bottom mounted upward looking ADCP that will outline the current structure through most of the benthic boundary layer.  The ADCP generates toughly 750 bytes of data and requires approximately 1.2 watt-hours per measurements.  Ideally, measurements would be taken every 20 seconds.  The selected unit can be self power and log data internally for 30 days under these conditions.

· a near bottom transmissometer to quantify near bottom sediment loading.  This device will generate roughly 10 bytes of data and require 0.03 watt-hours per measurement.  Ideally measurements will be taken every 20 seconds which is approximately a 50% duty cycle.  This instrument does not have built in power or data logging capabilities

· a near bottom conductivity and temperature sensor to track hydrographic changes in the benthic boundary layer.  These sensors can be combined with

· a near bottom current meter to assure a current measurement below the first bin of the ADCP.  The combined CT and current meter generates roughly 20 bytes and requires 5mW-hours per measurement with measurements desired every 20 seconds.  Measurements every 20 seconds is essentially continuous for this instrument and this device can self power and log data internally for approximately 9 weeks with the standard internal lithium battery pack under these conditions.

6.2.3. Use Scenario 3: Active Mid-Ocean Ridge Processes

a) This scenario is an example of how the MOOS system could be used on an active mid ocean ridge such as the South Cleft of the Juan de Fuca ridge. 

b) The South Cleft hydrothermal sites can be effectively monitored by two or three MOOS moorings with benthic hubs and an AUV docking station. The on-axis instrumentation (six seismometers, two hydrothermal packages, one AUV station) will cover an area of five kilometers (maximum) by two kilometers). This will be supplemented by an additional six seismometers that will be deployed up to 10 km east and west of the axis site. These latter instruments could be deployed to collect data autonomously, be serviced by an AUV acting as a data courier or be networked to the same (or a second) benthic hub. A current meter will be added to two of the geophysical packages that are placed on either side of the axis to assist with tracking plume dissipation.

c) Telemetry.  Only the telemetry capability of the MOOS Mooring will be required at the surface node.  Store and forward data telemetry is acceptable for this experiment (with a reasonable latency on the order of 1 day).

d) Time Synchronization. This will be required and can be accomplished with a GPS time receiver on the surface node.
6.2.3.1. Benthic Instrumentation: Geophysical Instrumentation Package

a) The long term instrument deployments will include 12 geophysical packages deployed in an array around the south Cleft vent sites. The geophysical packages will include short-period seismometers, short baseline tiltmeters, and high resolution pressure gauges. These packages will be used to monitor local and regional ground motion.  

b) All 12 of these packages will have one short period seismometer and one high resolution pressure gauge.  Two of the 12 packages will also have a short baseline core hole tilt meter that will be drilled into a rock face.  The data rate for the seismo/pressure package is 66 Mbytes per day and less than 70 Mbytes per day with a tilt meter.  The units draw 6 watts per day and can be self powered for 12 months. It should be noted that these numbers are based on the sensor connected to the current generation of the MBARI LP1 datalogger. The hoped for upgrade of the logger Onset cpu to a StrongArm may modify the power consumption. However, the Strongarm will also permit more advanced compression and data characterization schemes for selective data telemetry as well as provide an ethernet port for more rapid data transfer to an AUV.
c) Seismometers.  A two-scale experiment has been designed, with two internal arrays arranged to detect, locate, and characterize small near-surface microearthquakes along the axis, and an external array designed to distinguish earthquakes over a broad region.  The internal array of six packages will be located around the two most hydrothermally active localities in the southern Cleft area. This small array can be used to distinguish between near surface events and deeper events associated with a cracking front located in the middle crust (depth ~3km.).  The external array of six instruments is designed to discriminate between events located along axis (and thus associated with diking events, the hydrothermal system, or axial tectonic events), and those tectonic events located off-axis).  The array will also detect and locate events along the axis but outside the main field area.  These packages will be deployed up to 10 kilometers off axis.

d) Tilt Meters. Two short-baseline corehole tiltmeters will be deployed at two sites on opposite sides of the Cleft wall to monitor volcanic inflation or tectonic rotation. The sensor has a resolution of 0.1 microradian and a range of 1.0 degree from sensor null on each of two channels.  High resolution Paroscientific pressure gauges will be deployed in concert with the tilt sensors and the seismometers to provide simultaneous measurements of absolute depth as well as to provide pressure data for studies of ocean tides, and pressure and tilt data for measurement of solid earth tidal deformations. 

e) Current Meter. An S4 current meter or ADCP will be added to two of the packages to measure current direction near the seafloor to assist with the tracking of plume movement.
6.2.3.2 Benthic Instrumentation: Hydrothermal Vent Instrumentation

a) Two hydrothermal vents will be instrumented to include chemical samplers and sensors, bacterial samplers, and temperature recorders. 

b) Hydrothermal and Geochemical Samplers. The two most active vent sites as south Cleft (Vent 1 and Vent 3) will be instrumented with a suite of samplers and in situ analyzers to constrain the temporal variability of fluid flow and chemistry.  OsmoSamplers will be deployed to provide continuous, although small volume samples. An additional external osmotic pump will be employed to add acid to the sample stream, thus  keeping redox sensitive chemical species (e.g., Fe, Mn) in solution. Osmotic Analyzers use the same type of pump  system, but analyze for specific ions in situ using standard colorimetric reagents.  OsmoAnalyzers for iron are under development at MBARI.  Continuous monitoring of the Fe and particulates (via transmissivity) in vent and buoyant plume fluids will become a useful indicator of venting activity.   The ISUS system will be deployed to monitor bromide as a monitor of the fluid salinity, as well as sulfide, nitrate, and organic carbon. As other sensors become available (i.e. nutrients, methane, oxygen, silica, microbial and larval assays) these will be added to the vent instrumentation.

c) Water Sampler. A remote large volume water is required to collect weekly samples for a period of one year. To take advantage of in situ event detection capabilities the sampler would be networked with the MOOS benthic hub that also monitors temperature, flow and seismic events.  When an event is detected, the MOOS system will trigger the sampler to operate at higher sampling rates  

d) Temperature Recorders. A variety of low-temperature and high-temperature probes are available from Deep Sea Power & Light. The sampling rate can be preprogrammed to permit autonomous recording for at least one year. The temperature probes can also be interfaced to the hydrothermal vent packages. These recorders will be deployed in each of the high-temperature vents (Vent 1, Vent 3 and Plume) and at 10-12 sites along the Cleft walls that have significant diffusive effluent. 

e) Vent Fluid Flow Measurements. Each of the two vent sites would include at least two flowmeters, to compare diffuse and focussed flow rates. There are two instruments available that may be suitable for this application 

· A heat-pulse flowmeter has been developed at the University of Hawaii to determine speeds of fluid flow using a heat-pulse concept in which a grid heats neighboring waters that flow along a tube with several thermistors. The benefit of this instrument is that it can be placed in small cracks and is designed to measure flow rates in the diffusion-to-subtle advection range much below 0.1 mm/s.   

· The Medusa autonomous vent fluid sampling system includes a titanium sensor head, which is placed directly upon zones of diffuse hydrothermal flow, and a separate titanium alloy pressure case containing the electronics, datalogger/controller, and power supply.  The sensor head contains a titanium-rotor effluent velocity sensor with an optical detector; Type-T and Type-K thermocouples which measure the temperature difference between vent and ambient fluids. This system has been deployed on the MAR, the JdF and the EPR every year since 1994 with variable success. The new generation of Medusa and its successor the DALEX, are being built in collaboration with NASA for the study of life in extreme environments.  The gas-tight samplers are especially applicable to microbial studies at vent sites. 

A method of measuring diffuse flow using acoustic reflectivity has also been developed at Rutgers and will be considered.

f) Biological Samplers.  Samplers for microbial and larval studies are only in the early design stages. Microbial samplers and insitu analyzers would be placed into coreholes in sulfide and/or basalt to assay the species within the seafloor environment.   Larval samplers would be deployed on the riser for the MOOS moorings and also on the AUV.  Both of these efforts would require significant prototype efforts within Monterey Bay prior to incorporation with the MOOS experiment.

6.2.3.3 Water Column Measurements:

a) Prior to Event Detection.  An AUV would be deployed to measure the integrated impact of hydrothermal effluent on the overlying water column. The AUV will measure temperature, chemical, and transmissivity anomalies over the continuous vent sites to complement the benthic instrumentation. AUV instruments would include: ISUS for sulfide, nitrate, organic carbon and bromide, O2, FE osmo-analyzer, HOBOS temperature, autonomous water sampler, osmo-sampler, transmissometer, CTD, ADCP, flow meter, precision pressure gauge. These sensors would be used to constrain the geochemical and microbial impact of the chronic venting. Similar packages, especially the CTDO and current meters would be placed on the mooring cables at 50 and 150 m above the bottom.

b) AUV missions would be run to detect a megaplume event.  Detection of temperature and particulate changes, indicating onset of an event, would be made with a CTD and a transmissometer.

c) Continuous missions would be run on the order of once a week. The spatial extent of the continuous mission is approximately 10km by 20km.  A single lawn mower pattern at a depth of between 50 to 200 meters above ocean floor with transects spaced every 3.3 km across the ridge axis would give a mission length of 100 km (4 legs * 20 km/leg + 3 legs * 3.3 km/leg + 10 km return to dock). At 3 knots, this would be a mission length of 18 hours.  Assuming a vehicle which requires 250 watts to run and power instruments, this would imply an energy storage capability on the AUV of 4500 watt-hours and a energy recharge source capable of delivering a continuous 30 watts to the vehicle to meet the desired 1 week mission period ( (18 hours * 250 watts) / (168 hours – 18 hours) ).
d) After an Event Detection.  Following an event detection, the AUV’s will extend water column measurements to include much of the segment (up to 50 km long by 10 km wide by 1 km of depth) to monitor the formation and dissipation of the hydrothermal plume.

e) This mission would require an energy storage capability on the AUV of 9700 watt-hours assuming that only one AUV is available for this mission. Adding a second AUV, especially one dedicated to event response, would reduce the required storage capability. Adding a third mooring in the northern end of the survey array would similarly reduce the power storage requirement. 

f) In addition, once the plume has been located, the required survey area would be greatly reduced as the observed megaplumes have been only 5-10 km in diameter. 

g) The observed plumes have formed and dissipated in less than three weeks, so that the mission requires 2-3 surveys during that period of time.  The current meterings on the mooring cables will assist in tracking the movement of the plume once it is located.
h) General  Both mapping capabilities would require a navigation accuracy on the order of 10 meters in all three directions to provide adequate map resolution.
Appendix F Preliminary Concept of Operations: A Quantitative Low-Light Imaging Module for MBARI’s AUV

Author: K. Reisenbichler, B. Robison and S. Haddock

Version: 1.0

Date: 3/26/02

Modifications: none

Mission Descriptions

Mission 1: Midwater Transecting
Dorado will be used to routinely acquire quantitative imaging data from a measured volume of water, with sufficient resolution to allow visual identification of animals, comparable to what we can currently achieve with MBARI ROVs.  

Mission 2: Bioluminescence Transecting
Dorado will be used to routinely acquire quantitative imaging data from a measured volume of water, with sufficient sensitivity and resolution to detect and categorize stimulated bioluminescence.

Common to both missions:  These imaging transects will be 1 km in length and take place at 25 m intervals from the surface to 1000 m.  Additional transecting scenarios are likely, but working to achieve the aforementioned vertical and horizontal resolution requirements should enable this system to adapt to most, as they arise.  Other data required to successfully complete these missions includes concurrently collected streams of temperature, depth, salinity, dissolved oxygen data, as well as navigation and speed through water. 

Mission Specific Vehicle Configuration and Component Requirements

Imaging Module

· Imaging Camera 
Mission 1)  The camera used for midwater transecting will need to be a high resolution (525 line, or better) color or monochrome camera capable of acquiring images of sufficient sharpness to allow the identification of individual animals.  Images will need to be collected at a high enough frame rate to ensure that all animals that pass within the viewing area are observed.  Note that image sharpness is a function of illumination, shutter speed, aperture size and the speed of the vehicle through the water. 
Mission 2)  The camera used for bioluminescent transecting will require low-light sensitivity, but will also need a low image-persistence time in order to reduce “streaking”.  These types of cameras generally must be well isolated from power supply noise induced by other systems and/or motors.

· Lighting (Mission 1 only) – The amount and characteristics of lighting required to illuminate the image will be dictated by the camera chosen.  Types of lighting to be investigated include incandescent, metal halide and LED.  The ideal solution would be a low power light source in a wavelength that is not perceived by most midwater organisms (i.e., far red, or infrared LEDs).  An apparatus for deploying the light sources from the vehicle body may be required in order to reduce backscatter effects.

· Stimulation Apparatus (Mission 2 only) – In order to observe stimulated bioluminescence, a method of stimulation will be required.  This is currently achieved by extending a mesh screen in front of the camera and using the force of the oncoming water to push the animals against the screen to stimulate the bioluminescent display.

· Image Storage – Image storage may be one of the more difficult issues of this project.  In any event, the storage requirements will be massive.  The number of images collected, image resolution and method of image compression will dictate the capacity required.  A comprehensive survey will be conducted to determine what storage media will be best suited to the needs of this project. 

Other Instrument/Sensors

All of the following sensors are required to provide data at the level of precision that is currently acceptable for core ROV CTD data.

· Depth

· Salinity (conductivity)

· Dissolved oxygen

· Temperature

· Speed through water

General Mission Requirements

The following is a list of general starting point mission requirements.  It is understood that technological realities may limit, or alter them as reasonable trade-offs are made.

· Endurance: minimum of 24 hours underway.

· Range: minimum of 50 kilometers.

· Speed: sustained, stable operation at 1 knot (est. transecting speed requirement based upon presently used methodology).

· Depth Range: minimum to 1000 meters, or more.

· Auto Depth Control: to (5 meters.

· Auto Heading: to (5(.

· Navigation: maintain position within a 2 kilometer circle.

· Instruments: see above.

· Instrument data storage: hard drive, capacity YTD.

· Lighting: YTD (see above).

· Camera: YTD (see above).

· Image recording: digital, est. 22.5 hr capacity.

· Other: quiet and unobtrusive.

Mission Profile

Missions will generally be run on a 12 or 24 hr basis, day and/or night.  Initial operations will take place from a surface vessel.  Future operations of this type may benefit from a fixed deployment on a pre-positioned subsurface mooring which would allow the vehicle to recharge batteries and data-dump while moored.
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� The docking station can be on a benthic instrument node (BIN) connected to a mooring or shore cable, or be placed on a mooring anchor line near the seafloor.






