PAGE  
11
Dorado Functional Spec      

DRAFT

Dorado Functional Specification

[image: image1.wmf]
May 7, 2002

Rev: C

Last edited by: sib

Table of Contents: 

1.0 
Introduction ……………………………………………………………………… 
3

2.0 
Functional Requirements Outline …………………………………………….. 
3

3.0      Guiding Principals ………………………………………………………………. 
5

4.0 Vehicle Functional Requirements …………………………………………….. 
6

4.1 Vehicle Size, Structure, and Weight ………………………………….. 
6

4.2 Vehicle Performance …………………………………………………...  
7

4.3 Vehicle Operations ………………………………………………….….  
8

4.4 Vehicle Payloads ………………………………………………………. 
9

4.5 Vehicle Maintenance …………………………………………………..  10

5.0
References ……………………………………………………………………… 12

6.0
Appendices ……………………………………………………………………… 13
1.0 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. 

2.0 Dorado Functional Requirements Outline

The Dorado vehicle, at a minimum, will be modular and capable of carrying a variety of payloads custom made for science and/or engineering. 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 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 platforms 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. Acoustic communications should allow for two-way command and reply in suitable conditions as commonly accepted in industrial practice. 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. 

3.0 Guiding Principles

A. Data quality and consistency are the top priorities.

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

C. 
D. 
E. The reliability of key data should be measured. <note – we should expand on this>
F. Multiple-vehicle operations are critical enablers for many non-benthic experiments    (even for some benthic experiments) – the ‘bare’ vehicle cost should be kept low. Vehicle handling should be kept as easy and simple as possible and require a minimum of specialized equipment.  

G. 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.

H. The penalty for a negatively buoyant sub-system 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…)

4.0  Vehicle Functional Characteristics

The following is 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
Comments

Diameter
21” Diameter per ONR funding for Altex 
 As small as possible


Length
Short configuration no longer than 9 ft., longest configuration 18.2 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
Flexibility for science payloads
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 
Odyssey type vehicle has survived similar crashes without exact impact numbers

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 extending outside the 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
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
Wide range of operational speeds desired; factor of four times currents in operational areas

Pitch
30o up/down
45o up/down


Pitch Rate
?
?


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 w/ TBD safety factor
6000 meters working depth w/ TBD safety factor


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

Navigation Performance

Parameter
Baseline
Futurama
Comments

Depth Accuracy




Depth 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
Minimum Requirement
Preference
Comments

Launch and Recovery 
Multiple vessels –

Small vessels to UNOLS full line of ships – no use of small boats or 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
Must support Arcview and WinFrog waypoint import/export
Map view support should bathymetry and image overlay
Faster than real time simulation capability desired. Units should be specified by user. 

User Interface  
GUI type desired for ease of use
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
Operate at 1.2 times vehicle rated depth
Vehicle to ship at 1kb/sec –ship to vehicle at 100 b/s
Reliable comms more important than rate

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 Temperature




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
Minimum Requirement
Preference
Comments

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


Logging Timestamp
Accurate to TBD seconds
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


Logging Latency
As low as possible
Deterministic


Power
200 Watts
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 Gb/s ethernet
Reliability should be a high priority

4.5 Vehicle Maintenance

Parameter
Minimum Requirement
Preference
Comments

Hull Access
A single person should be able to gain access of close the hull in 

< 1 minute
No hardware or special tooling should be required.
Hardware should be secured  in a manner that prevents operations loss at sea

Pressure Housings
Housings should be reliable and cost effective
Housings should not require special hardware or materials to re-seal at sea


Main Vehicle

Computer stack
Access to bottom of computer from a closed vehicle condition should take < 30 minutes
Modular design allowing for sections to be pulled out without disturbing other components
Industrial style computer layout with no lose hardware would be nice.

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

< 10 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
High power densities should be pursued to provide enhanced capabilties. Battery charge should be 2x faster than the discharge rate. 

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 with a minimum number of interconnects – cabling routes should require the least amount of disturbance during normal ops. 
System should provide for ground fault monitoring and easy isolation of trouble
GF monitoring is a must for MOOS systems AUVs

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
Minimum Requirement
Preference
Comments

Interior Components
All systems and sub-systems should be constrained
Modularity should be carried through sub-systems for ease of maintenance
Spares and modularity should be considered for ease of maintenance in at sea operations.

Power Switch
External visual indicator for power on mode.
Visual aid should be seen easily at night from ships edge to waterline


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


Sub-sea Beacon
Vehicle should allow for acoustic homing device (HomerPro)
HomerPro (or equiv) should be a standard device with diode or power. 


Maintenance computer connections
Must use the same port as normal operations would
Same GUI interface would provide look and feel for maintenance issues to users


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







5.0 References 

(1)  NOPP Proposal # 

(2)  Fuel Cell Technologies
(3) Dorado Concept  Memo No. # 

6.0 Appendices A 

Input from a functional review meeting for Dorado including the science and technical staff of MBARI:

I) Speed

a)  Desired Functionality


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

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

iii) In operations in which ship attends AUV, higher speeds also attractive

iv) 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.

v) Possible exception to above would be a 'sprint' capability for maneuvering in launch & recovery

b) Related Issues/Comments

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

ii) Multiple vehicles offer a wide range of advantages over single vehicles and appear to be the 'right' way to achieve survey speed

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

II) Maneuverability/stability

a) Desired Functionality


i) Pitch, yaw & roll controlled & stable for mapping sonars

(1) 30 degrees pitch up/pitch down ok for mid water column surveys

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

(1) Function of sensors (alitimeters, obstacle avoidance sonars) and bottom relief (2m altitude missions achieved with odysseys)

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

b) Operation close to surface in rough conditions

i) Roll control for sonars crucial - must know accurately within .01 degrees the roll of the vehicle

ii) Must be able to operate close to surface in rough conditions

iii) Dive performance must be extremely reliable, and vehicle should be able to dive off surface in rough conditions

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

c) Related Issues/Comments

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

ii) Maneuverability may be a strong function of speed.

III) Depth

a) Desired Functionality


i) 4500 m minimum, 6000 m probably better

(1) 6000m constraint from science for acoustic surveys / mapping

ii) X hours bottom time at depth for a power density of Y minimum. This should be maximized for both batteries and the fuel cell configuration.

iii) Need to define requirement for delivery to operational depth (dive and ascend rate). Dive and ascend operations can utilize other methodologies than thrust.

b) Related Issues/Comments

i) Probably a lot of applications with are exclusively shallow

IV) Launch and Recovery

a) Desired Functionality

i) Definition of sea state requirement for L&R 

(1) Sea state 2 for typical 50 to 80 foot size vessels, sea state 3 for larger 100 foot plus type science vessels.

(2) Ship of opportunity issues - achieve a given amount of sea state on a given vessel based on a UNOLS style classification.

(3) Vehicle must be able to launch in Monterey Bay in April wind / No L&R in storm

(4) L&R system should avoid being ship specific to the extent possible

ii) Operations from an 80 foot size vessel, or smaller.

(1) Tied to vehicle size/length (vehicle size breakpoint @ 100km mission range)

(2) System should be compatible with all classes of UNOLS vessels

(a) "Fly away" systems maybe limited to larger UNOLS vessels 

iii) Absolutely should not require diver in water

iv) Small boat ops should not be required

(1) Operational concerns and other requirements may alter this. 

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

vi) Any handling hardware should be quickly adaptable to vessel of opportunity

vii) No heroics

viii)  Safe - should not require 'human powered' restraint during recovery

ix) Two person recovery - with only one 'expert' for SR or SF

x) San Francisco should be able to work in high threes, probably same for WF

xi) Action - investigate whether vehicle can deploy initial line for recovery

b) Related Issues/Comments

i) Not clear how MBARI's unique dedicated vessel impacts desires

ii) Shana Rae probably good to sea state 2 maybe 3 with ramp

V) Handling Characteristics

a) Desired Functionality


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

ii) Core modules should be capable of touring MBARI halls

iii) R/V Western Flyer constraints

(1) A15 foot long AUV operations van will fit on Western Flyer after deck

(2) A frame extension (currently) limits vehicle length

(3) "190" crane on port side can handle larger vehicle (7000lb limit at full extension)

(4) Chris challenged requirement to work from western flyer

(a) Science plans to use Dorado as survey platform (in conjunction with the Tiburon ROV)

iv) Van constraints?

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

b) Related Issues/Comments

i) This is an ongoing discussion

VI) Maintainability - power and electrical

a) Desired Functionality


i) Safe battery recharge without opening vehicle

ii) There should be a battery gas gauge

iii) Should be able to add more batteries to extend vehicle run/available power

iv) Should be able to incorporate new battery technologies

v) Instrumentation might contain its own power/batteries

vi) Battery swap should be possible in wet environment in ten minutes

vii) Battery swap should not involve opening pressure vessels

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

ix) 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)

x) Battery recharge should be automated

xi) Records on battery performance should be recorded with the battery if possible

xii) Warning of individual cell failure should be provided

xiii)   Minimum of wet connectors - or very reliable connectors

xiv) Minimum of wet cabling - or very light cables, especially between 'modular' elements of vehicle

xv) Wet cabling should be routed so it does not get disturbed during normal vehicle maintainenance

xvi) 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)

xvii) Ground fault monitoring is a must (MOOS requirement)

xviii) Must be able to electrically isolate systems autonomously based on set parameters being exceeded

b) Related Issues/Comments

i) This is the biggest demand on manpower during vehicle operations - a nail we definitely need to hit.

VII) Maintainability - mechanical

a) Desired Functionality


i) Vehicle should be corrosion-proof

ii) Load bearing fairing doesn't allow holes to be arbitrarily

iii) Should there be a flow-through system

iv) Should there be structural members which don't get compromised (in contrast to load-bearing skin)

v) 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)

(1) Lots of hits and collisions during launch and recovery

(2) Use vehicle to protect the sonar

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

(1) Connectors represent major source of weight and unreliability

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

viii) Access to bottom of main vehicle computer in < 30 minutes

ix) Battery swapout in <10 minutes

x) Vehicle calibration/alignment between sections (important for sonar)

xi) Ballasting should be easy and quantified (at the dock)

xii) Vehicle should be ballastable/trimable at sea

xiii) Have good solid modelmodel to work out ballastable

xiv) Vehicle should be controlable through range of ballasts

xv) Interior systems should be constrained

xvi) Things protruding from 21 inch diameter should be breakable/weak links

xvii) Scientists should specify handling constraints for instruments

(1) Some sensors (like turbulence sensors) require mounting outside fairing

xviii) Minimum of special hardware - should be able to be serviced from Home Depot

(1) Drop weights should not be custom

b) Related Issues/Comments

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

VIII) Payload

a) Desired Functionality


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

ii)  Vehicle should support systems up to 21" x 36" in size at least.

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

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

v)   Is CTD a core vehicle instrument

vi)   Core instruments and science payload should characterize same water mass

vii)  Payload generated data should be published to vehicle

viii)  Payloads must accept timestamp from MVC

ix)   MVC should be able to pass data to payload

x)   Data communications latency should be as low as possible

xi) Structural deformation requires seperate attitude sensor on acoustic receiver array

xii)  ACTION - dave caress's input on maneuverability and stability

xiii) ACTION - Hans will give first cut on instrumentation

xiv) Navigation - pitch and roll measurements should be co-located

b) Related Issues/Comments

i)   The payload is the reason one builds a vehicle or bothers to operate it?.

IX) Computer interaction with vehicle

a) Desired Functionality


i) Need to support mission configuration, mission verification, vehicle checkout, mission initiation/termination, and mission management

ii) 'Unified environment' rather than suite of applications

iii) File structure simplified or managed in 'hidden' fashion - compartmentalized by mission

iv) It should always be possible to figure out what mission a particular file is associated with even outside the 'unified environment'

v) Should ensure files are never overwritten

vi) Interaction with vehicle from GUI

vii) Expert user should be able to bypass GUI

viii) Should have sensor feedback mode from vehicle to GUI allowing 'cockpit display'

ix) Should support acoustic control of AUV

b) Related Issues/Comments


i) This area is probably the most demanding of vehicle operational expertise

X) Mission Configuration

a) Desired Functionality


i) GUI desired for at least simple waypoint input/management

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

iii) Ability to test mission scripts highly attractive - very minimum is plot of waypoints in map view.

iv) Faster than rt simulation capability very attractive

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

b) Related Issues/Comments


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

ii) 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.)

XI) Data review

a) Desired Functionality


i) Very important / high priority: data systems should provide for quality checking and calibration information access from the vehicle. 

ii) Systems should provide raw data streams and have adjustable rates for update

iii) Core vehicle data must be in an ASCII table 

iv) Fast devices should have dedicated high speed port (ethernet or high speed serial)

XII) Navigation

a) Desired Functionality

i) LBL

ii) DVL/heading reference with 1% of distance traveled performance

iii) USBL from ship via acoustic coms to AUV

XIII) Acoustic communications

a) Desired Functionality


i) Vertical channel should operate to vehicle depth * 1.2

ii) Rates from vehicle -> ship of about 1 kb/s would be nice

iii) Rates from ship -> of about 100 b/s would be nice

iv) Robustness much more important than data rate


