Vehicle Characteristics

1. Speed

1.1. Desired Functionality


1.1.1. Significantly faster than currents in operational areas (factor of four seems like a reasonable minimum margin).

1.1.2. Fast enough to allow synoptic characterization of oceanographic processes (probably not possible for most situations, which means simply as fast as possible…)

1.1.3. In operations in which ship attends AUV, higher speeds also attractive

1.1.4. Not clear that a large range of speeds really necessary – most operations to date satisfied by 0.5 m/s on low side and limited by power consumption issues on high side.

1.1.5. Possible exception to above would be a ‘sprint’ capability for maneuvering in launch & recovery

1.2. Related Issues/Comments

1.2.1. Haro Strait offered most extreme environment, and illustrated difficulty of operating in environment where currents exceed vehicle speed

1.2.2. Multiple vehicles offer a wide range of advantages over single vehicles and appear to be the ‘right’ way to achieve survey speed

1.2.3. Odyssey performance of 12 hr endurance @ 5 km/hr with 30 W of payload should probably be a minimum standard.

2. Maneuverability/stability

2.1. Desired Functionality


2.1.1. Pitch, yaw & roll controlled & stable for mapping sonars

2.1.2. Ability to operate within Monterey Canyon necessary – altitude within 20-100 m probably sufficient in regions of high relief.

2.1.3. Maintain at least 30( pitch up/down angles without significant degradation in drag performance (2%?) - 45( pitch highly attractive

2.1.4. Operation close to surface in rough conditions

2.1.5. Controllability on surface a plus, but must work in significant sea state to be useful

2.2. Related Issues/Comments

2.2.1. Range, coverage, and update rate of obstacle avoidance sonar interplay with near-bottom performance

2.2.2. Maneuverability may be a strong function of speed.

3. Depth

3.1. Desired Functionality


3.1.1. 4500 m minimum, 6000 m probably better

3.2. Related Issues/Comments

3.2.1. Probably a lot of applications with are exclusively shallow

4. Launch and Recovery

4.1. Desired Functionality


4.1.1. Operable from Shana Rae size vessel, or smaller.

4.1.2. Absolutely should not require diver in water

4.1.3. Small boat ops should not be required

4.1.4. Specialized handling hardware only required in extreme operational conditions (e.g. significant sea state) – single lift point extremely important

4.1.5. Any handling hardware should be quickly adaptable to vessel of opportunity

4.1.6. No heroics

4.1.7. Safe – should not require ‘human powered’ restraint during recovery

4.1.8. Two person recovery – with only one ‘expert’ for SR or SF

4.1.9. San Francisco should be able to work in high threes, probably same for WF

4.2. Related Issues/Comments

4.2.1. Not clear how MBARI’s unique dedicated vessel impacts desires

4.2.2. Shana Rae probably good to sea state 2 maybe 3 with ramp

5. Handling Characteristics

5.1. Desired Functionality


5.1.1. One person should be able to man-handle vehicle with a minimum of equipment (carts etc.)

5.1.2. Core modules should be capable of touring MBARI halls

5.1.3. Western Flyer constraints?

5.1.4. Van constraints?

5.1.5. Should be possible to pack core vehicle in a single air-shippable crate (no double jeopardy)

5.2. Related Issues/Comments

5.2.1. This is an ongoing discussion

6. Maintainability – power and electrical

6.1. Desired Functionality


6.1.1. Safe battery recharge without opening vehicle

6.1.2. Battery swap should be possible in wet environment in ten minutes

6.1.3. Battery swap should not involve opening pressure vessels

6.1.4. Battery should recharge significantly faster than it is discharged by vehicle (factor of two?)

6.1.5. Independent batteries in tracking systems and emergency locating devices should not require constant replacement (probably should be diode ‘ored’ with main vehicle battery so that they see a draw only when main battery fails)

6.1.6. Battery recharge should be automated

6.1.7. Records on battery performance should be recorded with the battery if possible

6.1.8. Warning of individual cell failure should be provided

6.1.9. Minimum of wet connectors – or very reliable connectors

6.1.10. Minimum of wet cabling – or very light cables, especially between ‘modular’ elements of vehicle

6.1.11. Methods to quickly detect and isolate connect failures a very high return activity (GF monitoring a must, isolation attractive, perhaps a must for MOOS & fuel cell)

6.2. Related Issues/Comments

6.2.1. This is the biggest demand on manpower during vehicle operations – a nail we definitely need to hit.

7. Maintainability – mechanical

7.1. Desired Functionality


7.1.1. Vehicle should be corrosion-proof 

7.1.2. Vehicle should be capable of being hit by a boat or ship running 3 kts without suffering damage to electrical, electro-mechanical, or major structural systems (lots of argument)

7.1.3. Access to interior of the vehicle should take one minute for a single person, and should not involve breaking electrical connections

7.1.4. Reassemble of vehicle should be possible by one person in one minute.

7.1.5. Ballasting should be easy and quantified (at the dock)

7.1.6. Interior systems should be constrained

7.1.7. Minimum of special hardware – should be able to be serviced from Home Depot

7.2. Related Issues/Comments

7.2.1. Range, coverage, and update rate of obstacle avoidance sonar interplay with near-bottom performance

8. Payload

8.1. Desired Functionality


8.1.1. Vehicle should be able to power 200W payloads (250 W is probably max Odyssey payload)

8.1.2. Vehicle should support systems up to 21” x 36” in size at least.

8.1.3. Reconfiguration of vehicle with previously integrated payloads should take no longer than an hour to accomplish mechanically, electrically, and in software, including testing.

8.1.4. It should be possible for a savvy technician to interface a sensor to the vehicle and get its data logged

8.2. Related Issues/Comments

8.2.1. The payload is the reason one builds a vehicle or bothers to operate it….

9. Computer interaction with vehicle

9.1. Desired Functionality


9.1.1. Need to support mission configuration, mission verification, vehicle checkout, mission initiation/termination, and mission management

9.1.2. ‘Unified environment’ rather than suite of applications

9.1.3. File structure simplified or managed in ‘hidden’ fashion – compartmentalized by mission

9.1.4. It should always be possible to figure out what mission a particular file is associated with even outside the ‘unified environment’

9.1.5. Should ensure files are never overwritten

9.1.6. Interaction with vehicle from GUI

9.1.7. Expert user should be able to bypass GUI

9.1.8. Should have sensor feedback mode from vehicle to GUI allowing ‘cockpit display’

9.1.9. Should support acoustic control of AUV

9.2. Related Issues/Comments


9.2.1. This area is probably the most demanding of vehicle operational expertise

10. Mission Configuration

10.1. Desired Functionality


10.1.1. GUI desired for at least simple waypoint input/management

10.1.2. Must support importing/exporting of waypoints from other applications (Winphrog, ArcView, etc.)

10.1.3. Ability to test mission scripts highly attractive – very minimum is plot of waypoints in map view.

10.1.4. Faster than rt simulation capability very attractive

10.1.5. Map-view plot should support bathymetry & image overlays (backgrounds) – implies easy importing of such files from ArcView, etc.

10.2. Related Issues/Comments


10.2.1. Mission configuration is the most error prone part of operating vehicles, and has lead to the most embarrassing incidents.  Long overdue for attention.

10.2.2. The ability to import waypoints from other applications implies a fluency in different coordinate systems (UTM, etc.) as well as formats (decimal degrees, DMS, degrees and decimal minutes, etc.)

11. Data review

11.1. Desired Functionality


11.1.1. Very very important – just have not gotten to this yet….

11.2. Related Issues/Comments


12. Navigation

12.1. Desired Functionality

12.1.1. LBL

12.1.2. DVL/heading reference with 1% of distance traveled performance

12.1.3. USBL from ship via acoustic coms to AUV

12.2. Related Issues/Comments


13. Acoustic communications

13.1. Desired Functionality


13.1.1. Vertical channel should operate to vehicle depth * 1.2

13.1.2. Rates from vehicle -> ship of about 1 kb/s would be nice

13.1.3. Rates from ship -> of about 100 b/s would be nice

13.1.4. Robustness much more important than data rate

13.2. Related Issues/Comments


Principles

Data quality and consistency are the top priorities.

Vehicle technology is changing rapidly – any vehicle design should be amenable to upgrade, especially with respect to energy source, navigation systems, instrumentation, and control algorithms.

Software is a very substantial investment – the same basic architecture should support 5 years of use.

Propulsion and other electromechanical systems are costly to develop and debug – they should have projected operational lives of at least 5 years, perhaps 10.

The reliability of key data should be measured.

New uses of the vehicle require new behaviors and new sensors, so these systems should be easy to add, and should not require excessive expertise.

Multiple-vehicle operations are critical enablers for many non-benthic experiments, and even some benthic experiments – the ‘bare’ vehicle cost should be kept low and handling of the vehicle easy.  

It is much easier to make a small vehicle larger than the other way around – the priority assigned to keeping subsystems small is proportional to how ‘core’ it is.

The penalty for a negatively buoyant sub-systems is proportional to desired depth rating, so keeping systems as buoyant as possible is important.

Low hotel load is important…effort should be proportional to fraction of 1/3rd propulsion power * fractional functionality… (i.e. a 30 W core system on the current Dorado would get a high level of attention…)
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