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Introduction

This document proposes some test procedures by which some of the published functional specifications of the Dorado class AUV will be validated.  The functional specifications were condensed from the information contained in the documents referenced in Table 1.  

Table 1 -- Referenced Documents

All files located on the //polarbear/dorado shared drive

Directory
Title
Date
Author

Notes
DoradoSpec.doc
11/07/00
Bellingham and Kirkwood

 Memos
AUV Functionality.doc
11/14/00
Bellingham et al.

SystemsSpec
DoradoSystemsSpec.working.doc
12/31/00
Kirkwood

Memos
Dorado Functional Specs Comments.doc
1/10/01
Gashler

ConOps2001
ALTEX Arctic Mission Concept of Operations.doc
11/30/01
Gashler

ConOps2001
AUV_CTD_conops.doc
12/07/01
Gashler and O’Reilly

ConOps2001
biolume_conops1.doc
01/14/02
Thomas

ConOps2001
Guaymas-ConOps.doc
01/14/02
Sibenac

ConOps2001
Docking AUV Con Op_revA.ppt
01/14/02
Kirkwood

ConOps2001
Conops Synopsis.doc
01/22/02
Gashler

ConOps2001
MOOS Docking.ConOps.revE.doc
01/15/02
Kirkwood

ConOps2001
AUVReliability2001.doc
01/15/02
Gashler

ConOps2001
navigation presentation.ppt
04/04/02
Thomas

Multibeam_AUV
Vehicle_Subsystem_Criteria.doc
02/27/02
Sibenac,Gashler

Venue

The testing will occur in 4 venues:  on deck, immersed in the MBARI test tank, at sea in water on the order of 100 m deep,  at sea in water on the order of 4500 m deep.  The testing will be scheduled with the Dorado development team upon preparation for transfer of the first Dorado class AUV from the MBARI Engineering Department to the MBARI Department of Marine Operations.

Participants

Representatives of the Dorado development team and the DMO operations team will participate in the demonstation and evaluation of capabilities.  The demonstation team will include but is not limited to Hans Thomas, Farley Shane, Rob McEwen, Mark Sibenac, and Drew Gashler.  The acceptance team will include but is not limited to Steve Etchemendy, Chris Grech, Bill Kirkwood, Jim Bellingham, and Robert Fuhrmann.  An important aspect of the testing procedure is that demonstation team and the acceptance team are each composed of vehicle development personnel and vehicle operations personnel. 

Decisions regarding acceptable completion of the testing outlined below will be reached through the consensus of the acceptance team.  The tests have been designed to minimize the probability of ambiguous outcomes.  

Testing Categories

Demonstrations have been grouped into the following categories:

1. Documentation

2. Operational Procedures

3. Mechanical Integrity

4. Electrical Integrity

5. Maintainability

6. Performance

7. Location Aids

8. Reliability

Outline of Specification Validation Procedures

1.0  Demonstration of Documentation

Current working versions of the documentation of the vehicle’s mechanical, electrical, software, and operational systems will be provided by the vehicle development team.   Each item will be presented by a demonstration team member and  evaluated for completeness and accuracy.

Items to be evaluated are:

1.1
Solid model (format SolidWorks 2001plus) of vehicle as built 

1.2
Working drawings (format SolidWorks 2001plus) of vehicle and associated handling equipment 

1.3
Electical schematic (format Orcad 9.1) of vehicle at board level 

1.4
Electrical schematic (format flexible) of MBARI designed boards 

1.5
Software documentation 

1.6
Vehicle predive procedure form 

1.7
Vehicle mission data form 

1.8
Vehicle part inventory 

2.0 Demonstration of Operational Procedures

2.1
Demonstration of pre dive checkout procedures

2.2
Demonstration of mission initiation procedures

2.3
Demonstration of post dive procedures

2.4
Demonstration of data download and visualization procedures

3.0 Demonstration of Mechanical Integrity

3.1
Lift vehicle with appropriate lifting appliance

3.2
Demonstrate proper buoyancy

3.3
Interior systems properly restrained

3.4
Vehicle trim is adustable in pitch

4.0
Demonstration of Electrical Integrity

4.1
Vehicle can be externally powered

4.2
Demonstrate communications to MVC via shore cable

4.3
Demonstrate ethernet communications to MVC via radio modem

4.4
Demonstrate communications between MVC and all propulsion, guidance, and navigation systems

5.0
Demonstration of Vehicle Maintainability

5.1
Remove upper fairing and inspect exterior of main atmospheric housing

5.2
Remove/reinstall connector in interior of main electronics housing

5.3
Disassemble/reassemble vehicle longitudinally

5.4
Battery pack swap

5.5
Battery charging

6.0
Demonstration of Vehicle Performance

6.1
Layered control demonstrations

6.1.1
Abort on time

6.1.2
Abort on depth

6.1.3
Abort on altitude

6.2
Dynamic control demonstrations

6.2.1
Ability of vehicle to submerge under its own power

6.2.2
Ability to maintain level (+/- 20 cm) flight at fixed heading
6.2.3
Ability to maintain level (+/- 20 cm) flight within one minute of commanded heading transient

6.2.4
Ability to maintain level (+/- 20 cm) flight within one minute of commanded depth transient.

6.2.5
Ability of vehicle to maintain (+/- 1 degree) pitch 30 degrees nose up/down

6.2.6
Ability of vehicle to descend/ascend at 30 m/minute

6.2.7
Ability to maintain 20 m altitude (+/- 0.5 m) at fixed heading

6.2.8
Ability to maintain 20 m altitude (+/- 0.5 m) at heading change

6.2.9
Ability of vehicle to operate within 2 meters of surface

6.2.10
Ability of vehicle to maintain a speed of 1.0 m/s for 5 minutes.

6.2.11
Ability of vehicle to maintain a speed of 1.5 m/s for 50 minutes.

6.2.12
Ability of vehicle to reach a speed of 2.0 m/s and maintain for 5 minutes.

6.3
Navigation demonstrations

6.3.1
Ability of vehicle to acquire GPS fix on deck

6.3.2
Ability of vehicle to acquire GPS fix in water

6.3.3
Ability of vehicle to navigate to 3% of distance travelled

6.3.4
Ability of vehicle to fix its position with respect to acoustic transponders

6.4
Demonstrate the ability of the vehicle to operate at  25 % working depth  (1000 m)

6.5
Demonstrate the ability of the vehicle to operate at its working depth (4000 m)

7.0
Operation of Location Aids

7.1
Operation of strobe light

7.2
Range test of RF Modem with GPS telemetry
7.3
Range test of RDF Beacon
7.4
Demonstration of ARGOS PTT

8.0
Demonstration of Vehicle Reliability

Performance and navigation trials consist of at least 14 missions.  Vehicle configuration and ballasting will be held constant throughout the course of the trials, to minimize the possibility of errors associated with changing configurations.  Missions will be scripted and simulated in advance to minimize the possibility of mission ingestion errors.

Each mission run during the course of the trials will be evaluated as a success or a failure based on the following criteria:

1.  Mission script loads properly

2.  Vehicle dives under its own power

3.  Vehicle maintains dynamic control throughout mission

4.  Vehicle sensor hardware and software operates properly throughout mission

5.  Vehicle properly transmits its location to support ship within 10 minutes of the end of mission

Vehicle reliability (based on the criteria above) will be established* to be 80 % with a confidence interval of 95 % if no failures are observed during the course of the 14 missions during sea trials.

*
Given the (naive) assumption that failures are random and normally distributed, and the assumption that the probability of a single mission is 0.8, the probability of observing at least one failure in 14 trials is 1 – 0.814 = 0.956

Dorado AUV Specification Validation Worksheet

Demonstration of Operational Procedures

Specification Item:
2.1 -- Demonstration of pre-dive checkout procedures

Source:

Current operational practices

Intended Outcome:
The presentation team will demonstrate that the supplied pre-dive checkout forms are sufficient to prepare the vehicle for at sea operations. 

Requirements:

1. Vehicle

2. Vehicle control computer with modem and associated software

3. Pre-dive checklists

4. Required tools and supplies

Test Procedure:  Acceptance team uses the supplied materials and completes the pre-dive procedures with the guidance of the presentation team.  Procedures and documentation are examined for completeness and accuracy.

Results:

Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Operational Procedures

Specification Item:
2.2 -- Demonstration of mission initiation procedures

Source:

Current operational practices

Intended Outcome:
The presentation team will demonstrate that the supplied mission data forms are sufficient to initiate a mission. 

Requirements:

1. Vehicle

2. Vehicle control computer with modem and associated software

3. Mission data form

Test Procedure:  Acceptance team uses the supplied materials and completes the mission initiation procedures with the guidance of the presentation team.  Procedures and documentation are examined for completeness and accuracy.

Results:

Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Operational Procedures

Specification Item:
2.3 -- Demonstration of post-dive procedures

Source:

Current operational practices

Intended Outcome:
The presentation team will demonstrate that the post-dive checklist  is sufficient to insure proper maintenance of the vehicle following a mission at sea. 

Requirements:

1. Vehicle

2. Vehicle control computer with modem and associated software

3. Post-dive checklist

4. Required tools and materials

Test Procedure:  Acceptance team uses the supplied materials and completes the vehicle post-dive procedures with the guidance of the presentation team.  Procedures and documentation are examined for completeness and accuracy.

Results:

Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Operational Procedures

Specification Item:
2.4 -- Demonstration of data download and visualization procedures
Source:

Current operational practices

Intended Outcome:
The presentation team will demonstrate that the supplied mission data visualization software is sufficient to evaluate fundamental vehicle performance. 

Requirements:

1. Vehicle

2. Vehicle control computer with modem and associated software

Test Procedure:  A sample mission of duration 3 minutes will be run with the vehicle on deck.  Commanded heading should closely match the vehicle’s actual heading.  The vehicle’s attitude shall be perturbed in heading at elapsed time equal to 60 seconds; the vehicle’s attitude shall be perturbed in pitch at elapsed time equal to 120 seconds.  Upon completion of the mission the presentation team will display the mission data on the vehicle control computer.  The data will be examined to confirm that the vehicle actions are adequately represented by the visualization tools.  

Archived data of a mission at sea of duration greater than one hour shall be presented for evaluation.

Results:

Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Mechanical Integrity

Specification Item:
3.1  Transit vehicle within handling system

Source:

AUV Functionality.doc item 5.1.1

Intended Outcome:
The presentation team will demonstrate the ability for two individuals to maneuver the vehicle on a level surface. 

Requirements:


1. Vehicle

2. Handling system

Test Procedure:
Two members of the presentation team will move the vehicle from a position inside the AUV lab facing south to a position alongside the test tank facing north.

Results:


Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Mechanical Integrity

Specification Item:
3.2 – Lift vehicle with appropriate lifting appliance

Source:

AUV Functionality.doc item 4.1.4

Intended Outcome:
The presentation team will demonstrate the ability to lift the vehicle from a single point, without additional intervention.

Requirements:


1. Vehicle

2. Vehicle handling system

3. Crane of suitable capacity

4. Associated lift hardware or rigging

Test Procedure:
The presentation team will affix a tag line to the nose of the vehicle and the lifting appliance of the crane to the pick point of the vehicle.  One member of the shall tend the tag line and another member of the team will operate the crane controls.  The vehicle will be lifted clear of its handling system by a suitable margin, moved horizontally a distance of one meter, then returned to its handling system.

Results:


Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Mechanical Integrity

Specification Item:
3.3 – Demonstrate proper buoyancy

Source:

AUV Functionality.doc item 7.1.5

Intended Outcome:
The presentation team will demonstrate that the vehicle is positively buoyant and properly trimmed for at sea operations.

Requirements:


1. Vehicle

2. Suitable lifting equipment

3. Sufficient saltwater (10 C < T < 20 C; 33 < S < 35) to float vehicle

Test Procedure:
The vehicle shall be lifted free of its handling system and placed in salt water.  It shall be perturbed in pitch to ensure that no air is entrained within the hull.  Upon observation of positive buoyancy and proper trim a 3 kg mass of negligible volume shall be added to the top of the hull an equal distance from nose and tail.  The vehicle shall be observed to remain positively buoyant.  Upon addition of an additional 3 kg to the same location the vehicle shall be observed to be negatively buoyant.

Results:



Notes:



Dorado AUV Specification Validation Worksheet

Demonstration of Mechanical Integrity

Specification Item:
3.4 – Interior systems properly restrained

Source:

AUV Functionality.doc item 7.1.6

Intended Outcome:
The presentation team will demonstrate that the vehicle’s interior systems are properly restrained.

Requirements:


1. Vehicle

2. Suitable lifting equipment

Test Procedure:
The demonstration team will remove the vehicle’s upper fairing and then immerse the vehicle in the test tank.  All internal structures and flotation will remain in position while the assembly is perturbed in pitch and roll.

Results:



Notes:



Dorado AUV Specification Validation Worksheet

Demonstration of Mechanical Integrity

Specification Item:
3.5 – Vehicle adjustable in trim

Source:

AUV Functionality.doc item 7.1.5

Intended Outcome:
The presentation team will demonstrate that the vehicle can be adjusted in trim both pitch up and pitch down

Requirements:


1. Vehicle 

2. Suitable lifting equipment

3. Ballast weights sufficient to adjust trim of vehicle

4. Sufficient salt water to float vehicle

5. Vehicle control computer and associated hardware

Test Procedure:
Vehicle will be lifted from its handling system and allowed to float freely in the test tank.  Vehicle AHRS measurements will confirm that pitch is within (angular deviation to be determined) of level.  Vehicle will be removed from the tank and ballast shifted such that when returned to the tank the vehicle will have a positive pitch.  Vehicle will then be reballasted with a negative pitch.

Results:



Notes:



Dorado AUV Specification Validation Worksheet

Demonstration of Electrical Integrity

Specification Item:
4.0 – Vehicle can be externally powered via tether

Source:

Current operational practices

Intended Outcome:
Presentation team will demonstrate a functional external power system.

Requirements:


1.  Vehicle

2.  Vehicle tether

3.  Appropriate external power supply

Test Procedure:
Vehicle shore power cable shall be attached through access panel and power applied through the external power supply.  Modem carrier detect LED will suffice to demonstrate that the DC mains are powered.

Results:



Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Electrical Integrity

Specification Item:
4.2 – Communications to MVC via tether

Source:

Guaymas-ConOps.doc

Intended Outcome:
Presentation team will demonstrate ethernet communications to MVC via tether.

Requirements:


1. Vehicle

2. Vehicle tether

3. Appropriate external power supply

4. Vehicle control computer and associated software

Test Procedure:
Vehicle shore power cable shall be attached through access panel and power applied through the external power supply.  A representative of the presentation team will execute an rlogin to the MVC through the MBARI network.

Results:



Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Electrical Integrity
Specification Item:
4.3 – Ethernet access to MVC via RF modem

Source:

Current operational practices, all conops 2001

Intended Outcome:
Presentation team will demonstrate ethernet communications to MVC via radio modem.

Requirements:


1. Vehicle

2. Radio modem

3. Vehicle control computer and associated software

Test Procedure:
Vehicle will be powered through its battery system and a representative of the presentation team will execute an rlogin to the MVC through the radio modem.

Results:



Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Electrical Integrity

Specification Item:
4.4 – Demonstration of communications between MVC and all guidance, control, and propulsion systems.

Source:
Current operational practices.

Intended Outcome:
Presentation team will demonstrate that the MVC is properly communicating with all core vehicle systems.

Requirements:


1. Vehicle

2. Vehicle control computer and associated software

Test Procedure:
Vehicle shall be powered through its battery system and a representative of the presentation team will login to the MVC through the radio modem.  Each core vehicle device driver shall be run, and data from each device checked, to confirm that each device is properly communicating with the MVC.

Results:



Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Maintainability

Specification Item:
5.1 – Demonstration of access to vehicle internal structures.

Source:

AUV Functionality.doc item 7.1.3

Intended Outcome:
AUV presentation team will demonstrate that one person can access the interior structure of the AUV in less than 5 minutes without breaking any electrical connections.

Requirements:


1. Vehicle

2. Any tools required for removal of upper fairing

Test Procedure:
A single member of the demonstration team will follow the specified procedure for removing the upper fairing of the vehicle.  A member of the acceptance team will use a stopwatch to verify that the procedure takes less than five minutes.

Results:



Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Maintainability

Specification Item:
5.2 – Demonstration of access to main electronics housing

Source:

Current operational practices,  DoradoSystemSpec.working.doc

Intended Outcome:
Presentation team will demonstrate the procedure for accessing components inside the main electronics housing.

Requirements:


1. Vehicle

2. Any tools required for opening and closing the vehicle fairing and main electronics housing

Test Procedure:
A member of the presentation team will demonstrate the procedure for accessing the main electronics housing by disattaching the connection between the MVC at the MVC, then reattaching the connector, closing the housing, and closing the fairing.  The acceptance team will make note of the time required for the completion of the operation.

Results:



Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Maintainability

Specification Item:
5.3 – Disassemble vehicle longitudinally

Source:

DoradoSystemSpec.working.doc

Intended Outcome:
Presentation team will demonstrate the procedure for disassembling the vehicle longitudinally.

Requirements:


1. Vehicle

2. Any tools required for disassembling joining system

Test Procedure:
A member of the presentation team will demonstrate the procedure for disassembling the vehicle longitudinally by removing the tail section of the vehicle from the rest of the assembly, then reattaching it.  An acceptance team member will make note of the time required to perform the operation.

Results:



Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Maintainability

Specification Item:
5.4 --  Battery pack swap

Source:

AUV Functionality.doc items 6.1.2-3, Guaymas-ConOps.doc, biolume_conops.doc, Conops Synopsis.doc

Intended Outcome:
Presentation team will demonstrate that the battery swap procedure can be completed by two people in 1 hour.

Requirements:


1. Vehicle

2. Spare battery pack

3. Any necessary tools for battery swap procedure

Test Procedure:
The vehicle will be completely assembled and prepared for immersion.  Two members of the presentation team will remove the battery pack from  the vehicle, replace it with the second battery pack, and prepare the vehicle for at sea operation.  A member of the acceptance team will note the time required to complete the operation.

Results:



Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Maintainability

Specification Item:
5.5 – Demonstration of battery charging procedure

Source:

AUV Functionality.doc items 6.1.1,6.1.4,6.1.6, Conops Synopsis.doc, Dorado Functional Specs Comments.doc

Intended Outcome:
Presentation team will demonstrate that the safe charge of vehicle battery system is automated, can be safely performed without opening pressure housings, and can be accomplished twice as fast as discharge.

Requirements:


1. Vehicle

2. Battery charge and monitoring equipment

3. Battery charge documentation

4. Battery charging logsheets

Test Procedure:
Two members of the demonstration team will use the supplied documentation to demonstrate the battery charging procedure.  They will use the battery monitoring electronics to show that the battery in an operational vehicle is fully discharged.  They will follow specified charging procedures after which they will demonstrate that the battery is now fully charged.  A member of the acceptance team will note the time required to perform the charging procedure.

Results:



Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Performance – Layered Control

Specification Item:
6.1.1 – Abort on mission timer violation

Source:

Current operational practices

Intended Outcome:
Presentation team will demonstrate that the vehicle properly terminates a mission when its mission timer is exceeded.

Requirements:


1. Vehicle

2. Vehicle control computer and associated software

Test Procedure:
A mission will be scripted that commands the vehicle to turns its prop slowly (20 rpm) for 10 minutes.  The mission script will include a mission timer behavior that specifies the maximum time of the mission to be 2 minutes.  The mission will be initiated.  After mission termination the syslog will be examined to verify that the mission was properly aborted after 2 minutes elapsed.

Results:



Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Performance – Layered Control

Specification Item:
6.1.2 – Mission abort on depth envelope violation

Source:

Current operational practices

Intended Outcome:
The presentation team will demonstrate that the vehicle properly aborts a mission when the mission depth envelope is violated.

Requirements:


1. Vehicle

2. Vehicle control computer and associated software

3. Suitable lift equipment

4. Test tank

5. Additional ballast weights

Test Procedure:
Vehicle will be ballasted 100 N negative and immersed at the surface of the test tank.  A mission script shall be initiated that commands the vehicle to slowly turn its prop (20 rpm) and maintain a depth of 0 m for 10 minutes.  The mission script will contain a depth envelope that specifies a maximum depth of 2 m.  Upon mission initiation the vehicle will be slowly lowered using the MBARI test tank gantry crane until the vehicle is at a depth of 4 m.  Upon mission termination the vehicle syslog will be displayed to demonstrate that the mission was aborted when the vehicle’s depth became greater than 2 m.

Results:



Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Performance – Layered Control

Specification Item:
6.1.3 – Mission abort on minimum altitude violation 

Source:

Current operational practices, Guayamas-Conops.doc, AUV_CTD_conops.doc

Intended Outcome:
The presentation team will demonstrate that the vehicle properly aborts a mission when its specified minimum altitude is violated.

Requirements:


1. Vehicle

2. Vehicle control computer and associated software

3. Suitable lifting equipment

4. Test environment that allows proper operation of altimeter

Test Procedure:
It will be confirmed that the test location is such that it does not preclude proper operation of the vehicle’s altimeter.  The measured altitude with the vehicle at the surface will be noted.  A mission will be initiated that commands the vehicle to turn its prop slowly (20 rpm) for 10 minutes, with a specified minimum altitude that is 2 meters less than the measured altitude at the surface.  Upon mission initiation the vehicle will be lowered 3 meters.  Upon mission completion the syslog will be examined to confirm  that the mission properly aborted when the minimum altitude was reached.

Results:



Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Performance – Dynamic Control

Specification Item:
6.2.1 – Ability of vehicle to submerge under its own power

Source:

Current operational practices, AUVReliability2001.doc, AUV Functionality.doc item 2.1.7

Intended Outcome:
Presentation team will demonstrate that the vehicle has a launch reliability of 90% at sea under representative conditions.

Requirements:


1. Vehicle

2. Vehicle control computer and associated software

3. Mobilized support vessel

4. Operational area sufficiently free of traffic to allow safe operations

5. Weather conditions of sea state 1,3 and 4.

Test Procedure:
Vehicle will be ballasted for at sea operations, with the net buoyancy and pitch at rest logged.  A mission will be scripted in which the vehicle is commanded to launch, dive to 5 meters, and ascend to the surface, then relaunch.   This sequence can be repeated 10 times in a given mission, or the same mission can be repeated 10 times.  This mission set will be conducted 3 times (for a total of 30 launch sequences), once each during sea state 1,3, and 4.  The number of successful dives as a function of sea state will be logged by the acceptance team.

Results:



Notes:
Given the assumption that failure to dive is normally distributed, there is a 1 – Pn probability of observing a failure in n trials, where P is the probability that a single launch will succeed.  For a launch success rate of 90% there is a 95% chance of observing at least one failure in 30 attempts.  Time constraints may preclude the acquisition of a sufficient sample size to reach 95 % confidence limits – all dive attempts during sea trials should be tabulated.

Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Performance – Dynamic Control

Specification Item:
6.2.2 – Depth control at fixed heading

Source:

Current operational practices, AUV_CTD_conops.doc

Intended Outcome:
The presentation team will demonstrate the vehicle’s ability to control its depth to within (to be determined) cm while at a fixed commanded heading.

Requirements:

1. Vehicle

2. Vehicle control computer and associated software

3. Mobilized support vessel

4. Operational area sufficiently free of traffic to allow for safe operations

Test Procedure:
A mission script will be initiated that commands the vehicle to launch and then proceed at a fixed heading (to be determined) and fixed depth of 20 meters for 15 minutes, then ascend to the surface.  Upon termination of the mission the measured depth data will be displayed, and deviations from the commanded depth will be logged and compared to the spec.

Results:



Notes:


Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Performance – Dynamic Control

Specification Item:
6.2.3 – Depth control at heading change

Source:

Current operational practices

Intended Outcome:
The presentation team will demonstrate the ability of the vehicle to maintain depth control to within (to be determined) cm within one minute of a 180 degree change in commanded heading.

Requirements:


1. Vehicle

2. Vehicle control computer and associated software

3. Mobilized support vessel

4. Operational area sufficiently free of traffic to allow for safe operations

Test Procedure:
A mission script will be initiated that commands the vehicle to launch, descend to 20 meters, then proceed at a fixed heading (to be determined) for 10 minutes, then assume the reciprocal course for 10 minutes and ascend to the surface.  Upon termination of the mission the depth data will be displayed, and the data from 10 through 20 minutes will be examined for deviations from the commanded depth of 20 m. 

Results:



Notes:


Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Performance – Dynamic Control

Specification Item:
6.2.4 – Depth control at change in commanded depth 

Source:

Current operational practices

Intended Outcome:
The presentation team will demonstrate that the vehicle can maintain depth control to within (to be determined) cm within one minute of a change in commanded depth.

Requirements:


1. Vehicle

2. Vehicle control computer and associated software

3. Mobilized support vessel

4.  Operational area sufficiently free of traffic to allow for safe operations

Test Procedure:
A mission script will be initiated that commands the vehicle to launch, descend to 20 meters, then proceed at a fixed heading (to be determined) for 10 minutes, then proceed for an additional 10 minutes on the identical heading at a depth of 15 meters, and finally ascend to the surface.  Upon termination of the mission the depth data will be displayed, and the data from 10 through 20 minutes will be examined for deviations from the commanded depth of 15 meters.


Results:



Notes:


Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Performance – Dynamic Control

Specification Item:
6.2.5 and 6.2.6 – Pitch control/Descent rates

Source:

AUV Functionality.doc item 2.1.3, AUV_CTD_conops.doc, current operational practices, biolume_conops.doc

Intended Outcome:
The presentation team will demonstrate the ability of the vehicle to maintain descent and ascent angles of 30 degrees (+/- tbd degrees).  The presentation team will also demonstrate the ability of the vehicle to descend and ascend at a rate of 30 meters per minute.

Requirements:


1.  Vehicle

2.  Vehicle control computer and associated software

3.  Mobilized support vessel

4.  Operational area sufficiently free of traffic to allow for safe operations

Test Procedure:
A mission script will be initiated that commands the vehicle to launch, descend to 300 meters at a commanded pitch of –30 degrees, then ascend to the surface at a commanded pitch of + 30 degrees.  Upon termination of the mission the depth data will be displayed, and the pitch data analyzed for deviations from the commanded pitch.  Ascent and descent rates will be calculated from the same data.

Results:



Notes:


Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Performance – Dynamic Control

Specification Item:
6.2.7 – Altitude control at fixed heading

Source:

AUV Functionality item 2.1.2, AUV_CTD_conops.doc, Guaymas-Conops.doc, current operational practices

Intended Outcome:
The presentation team will demonstrate the vehicle’s ability to fly at a fixed altitude +/- (to be determined) cm above a section of seabed with a gradient not to exceed 5 %.

Requirements:


1.  Vehicle

2.  Vehicle control computer and associated software

3.  Mobilized support vessel

4.  Operational area of depth greater than 100 m with a bottom gradient of less than 5 %.

Test Procedure:
A mission script will be initiated that commands the vehicle to launch, descend to an altitude of 20 meters above the bottom, then proceed at a fixed heading for 10 minutes, and finally ascend.  Upon termination of the mission the depth and altitude data will be displayed, and the altitude data will be analyzed for deviations from the commanded altitude.  

Results:



Notes:


Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Performance – Dynamic Control

Specification Item:
6.2.8 – Altitude control at changes in commanded heading

Source:

AUV Functionality item 2.1.2, AUV_CTD_conops.doc, Guaymas-Conops.doc, current operational practices

Intended Outcome:
The presentation team will demonstrate the vehicle’s ability to fly at a fixed altitude (+/- to be determined cm) during changes in commanded heading above a section of seabed with a gradient not to exceed 5 %.

Requirements:


1.  Vehicle

2.  Vehicle control computer and associated software

3.  Mobilized support vessel

4.  Operational area of depth greater than 100 m with a bottom gradient of less than 5 %.

Test Procedure:
A mission script will be initiated that commands the vehicle to launch, descend to an altitude of 20 meters above the bottom, then proceed at a fixed heading for 10 minutes, and finally ascend.  Upon termination of the mission the depth and altitude data will be displayed, and the altitude data will be analyzed for deviations from the commanded altitude.  

Results:



Notes:


Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Performance – Dynamic Control

Specification Item:
6.2.9 – Near surface operation

Source:

AUV Functionality item 2.1.4, AUV_CTD_conops.doc, biolume_conops1.doc

Intended Outcome:
The presentation team will demonstrate the vehicle’s ability to safely operate within 2 meters of the surface.

Requirements:


1.  Vehicle

2.  Vehicle control computer and associated software

3.  Mobilized support vessel

4.  Operational area of sufficient size to allow safe operations.

5.  Weather conditions of sea state 1,3, and 4

Test Procedure:
A mission script will be initiated that commands the vehicle to launch, then alternate between depths of 2 and 20 meters at a fixed heading and pitches of +30 degrees and –30 degrees for a total of 10 cycles.  The vehicle’s trackline will be observed during the course of the mission in order to observe any breaching.  Upon termination of the mission the depth data will be displayed, and the minimum depth for each cycle will be noted.

Results:



Notes:

This test will be repeated in conditions up to sea state 4 as weather allows.

Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Performance – Dynamic Control

Specification Item:
6.2.10-12 – Vehicle speed range

Source:

AUV Functionality.doc item 1.1, DoradoSystemSpec.working.doc

Intended Outcome:
The presentation team will demonstrate that the vehicle is capable of operating at speeds ranging from 1.0 through 2.0 m/s.

Requirements:


1.  Vehicle

2.  Vehicle control computer and associated software

3.  Mobilized support vessel

4.  Operational area of sufficient size to allow safe operations, with a bottom depth less than the operational range of the vehicle DVL.
Test Procedure:
A mission script will be initiated that commands the vehicle to launch, descend to 20 meters, then maintain constant heading and depth at speeds of 2.0 m/s for 10 minutes, 1.5 m/s for 10 minutes, and 1.0 m/s for 10 minutes.  The vehicle’s trackline will be observed during the course of the mission in order to observe any breaching.  Upon termination of the mission the depth data will be displayed, and deviations from commanded depth noted.  The DVL data will be displayed to confirm that the measured vehicle speed matches the commanded speed (to within tbd %).  Current on the DC mains will be monitored to confirm that it does not exceed the ampacity of the contacts, conductors, and connectors in the system.

Results:



Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Performance – Navigation

Specification Item:
6.3.1 – GPS fix acquisition on deck

Source:

DoradoSystemSpec.working.doc, current operational practices, AUV_CTD_conops.doc, biolume_conops.doc

Intended Outcome:
The presentation team will demonstrate the vehicle’s ability to acquire a “cold” GPS fix within 15 minutes on deck.

Requirements:


1.  Vehicle

2.  Vehicle control computer and associated software

3.  Location on deck with unobstructed view of sky

Test Procedure:
The vehicle will be depowered for one hour.  The DC mains will be energized and the gps test utility will be run on the MVC.  The time required for the gps to generate a valid fix will be noted.

Results:



Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Performance – Navigation

Specification Item:
6.3.2 – GPS fix acquisition at sea

Source:

DoradoSystemSpec.working.doc, current operational practices, AUV_CTD_conops.doc, biolume_conops.doc

Intended Outcome:
The presentation team will demonstrate that the vehicle can acquire a GPS fix at sea within 10 minutes of surfacing.

Requirements:


1.  Vehicle

2.  Vehicle control computer and associated software

3.  Mobilized support vessel

4.  Operational area of sufficient size to allow safe operations.

5.  Weather conditions of sea state 1,3,4

Test Procedure:
A mission will be initiated that commands the vehicle to acquire a gps fix, launch, proceed at a fixed heading for 60 minutes, ascend to the surface, and  acquire a second gps fix.  The time required to acquire a valid fix will be noted from the system logs.

Results:



Notes:
The test will be conducted in sea states 1, 3, and 4.

Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Performance – Navigation

Specification Item:
6.3.3 – Navigation precision

Source:

navigation presentation.ppt

Intended Outcome:
The presentation team will demonstrate the vehicle’s ability to navigate to within 3 % of distance travelled while within DVL range of the bottom.

Requirements:


1.  Vehicle

2.  Vehicle control computer and associated software

3.  Mobilized support vessel

4.  Operational area of sufficient size to allow safe operations and with water depth less than the range of the DVL.
Test Procedure:
A mission will be initiated that commands the vehicle to acquire a gps fix, launch, descend to 20 m, proceed to a waypoint at a range of 5000 m, then return to a waypoint at the launch position, ascend, and acquire a second GPS fix.  The system log will be examined for the second GPS position the distance between it and the intended waypoint will be calculated and compared against 3 % of 10 km.

Results:



Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Performance – Navigation

Specification Item:
6.3.4 – Acoustic navigation

Source:

navigation presentation.ppt, AUV Functionality.doc

Intended Outcome:
The presentation team will demonstrate the vehicle’s ability to navigate with respect to acoustic 

Requirements:


1.  Vehicle

2.  Vehicle control computer and associated software

3.  Mobilized support vessel

4.   Operational area of sufficient size to allow safe operations.

5.  Surveyed acoustic transponder array with baseline length to be determined.

Test Procedure:
The vehicle will be deployed 1 km outside the transponder array.  A mission will be initiated that commands the vehicle to acquire a gps fix, launch, descend to 20 m, proceed to a waypoint at the center of the array, then return to a waypoint at the launch position, ascend, and acquire a second GPS fix.  The navigation logs will be examined and the acoustic navigation fixes compared with the DVL-aided dead reckoning and the GPS fix at the end of the mission.

Results:



Notes:

Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Performance

Specification Item:
6.4 – Operation at 25% working depth

Source:

DoradoSystemSpec.working.doc 

Intended Outcome:
The presentation team will demonstrate the vehicle’s ability to operate at 25% of its working depth. 

Requirements:


1. Vehicle

2. Vehicle control computer and associated software

3. Mobilized support vessel

4. Operating area in water depth between 1200 and 1500 m

5. ROV mobilized ship on 3 day standby

Test Procedure:
A mission will be initiated that commands the vehicle to launch, descend to 1000 m, and ascend to the surface.  Mission data will be examined to ensure that all systems remained operational at depth.  A similar mission will be initiated that commands the vehicle to launch, descend to 1000 m, orbit a fixed position for 60 minutes, then ascend to the surface.

Results:



Notes:
If not standard equipment, vehicle will be equipped with a Homer Pro for this dive series

Dorado AUV Specification Validation Worksheet

Demonstration of Vehicle Performance

Specification Item:
6.5 – Operation at working depth

Source:

DoradoSystemSpec.working.doc 

Intended Outcome:
The presentation team will demonstrate the vehicle’s ability to operate at its working depth. 

Requirements:


1. Vehicle

2. Vehicle control computer and associated software

3. Mobilized support vessel

4. Operating area in water depth between 1200 and 1500 m

5. ROV mobilized ship on 3 day standby

Test Procedure:
A mission will be initiated that commands the vehicle to launch, descend to 4000 m, and ascend to the surface.  Mission data will be examined to ensure that all systems remained operational at depth.  A similar mission will be initiated that commands the vehicle to launch, descend to 4000 m, orbit a fixed position for 60 minutes, then ascend to the surface.

Results:



Notes:
If not standard equipment, vehicle will be equipped with a Homer Pro for this dive series

Dorado AUV Specification Validation Worksheet

Operation of Location Aids

Specification Item:
7.1 – Operation of strobe light

Source:

 Vehicle_Subsystem_Criteria.doc

Intended Outcome:
 The presentation team will demonstrate that the vehicle has a functioning strobe light, and that it properly shuts off at depth and in daylight.

Requirements:


1. Vehicle

2. Suitable lift equipment

3. Sufficient water depth to deactivate location aid pressure switch

Test Procedure:
The location aid pressure switch will be put in the “on” position and the strobe light shaded to confirm that the light is functioning.  The vehicle will then be lifted from its handling system and lowered into the test tank until it is confirmed that the pressure switch has deactivated the strobe light.

Results:



Notes:


Dorado AUV Specification Validation Worksheet

Operation of Location Aids

Specification Item:
7.2 – RF Modem/GPS telemetry range

Source:

 Vehicle_Subsystem_Criteria.doc

Intended Outcome:
 The presentation team will demonstrate the range of the radio modem.

Requirements:


1. Vehicle

2. Vehicle control computer and associated software

3. Mobilized support vessel

4. Data logging for vehicle control computer and support vessel position

5. Operational area sufficiently free of traffic to safely leave vehicle on the surface unattended for the duration of the test.

Test Procedure:
The vehicle will be deployed at sea and commanded to transmit its position.  The GPS data will be examined to ensure that the fix is valid.  Logging of the vehicle position data received by the ship through the radio modem will be initiated, as well as the position of the ship.  The ship will slowly steam at a fixed heading, stopping approximately every mile to disconnect the modem antenna, and then reconnect to confirm that the connection can be re-established.  The acceptance team will make note of the range when the radio connection is lost.  The ship will continue for an additional mile, and then return to the vehicle, noting the range at which the connection is re-established. 

Results:



Notes:


Dorado AUV Specification Validation Worksheet

Operation of Location Aids

Specification Item:
7.3 – Radio beacon range

Source:

 Vehicle_Subsystem_Criteria.doc

Intended Outcome:
The presentation team will demonstrate the range of the vehicle radio beacon.

Requirements:

1. Vehicle

2. Vehicle control computer and associated software

3. Mobilized support vessel

4. Data logging for vehicle control computer and support vessel position

5. Operational area sufficiently free of traffic to safely leave vehicle on the surface unattended for the duration of the test.

Test Procedure:  
The vehicle will be deployed at sea and commanded to transmit its position.  The GPS data will be examined to ensure that the fix is valid.  Logging of the vehicle position data received by the ship through the radio modem will be initiated, as well as the position of the ship.  The ship will slowly steam at a fixed heading while monitoring the signal strength of the vehicle radio beacon as received by the ship ADF.  The acceptance team will make note of the range when the radio beacon signal is lost.  The ship will continue for an additional mile, and then return to the vehicle, noting the range at which the signal is re-acquired.

Results:


Notes:
  This test can be combined with that of  7.2

Dorado AUV Specification Validation Worksheet

Operation of Location Aids

Specification Item:
7.4 – Operation of ARGOS PTT

Source:

 Vehicle_Subsystem_Criteria.doc

Intended Outcome:
 The presentation team will demonstrate the operation of the vehicle’s ARGOS PTT

Requirements:


1. Vehicle ARGOS PTT

2. Ethernet connection to ARGOS PTT ID account

3. Weather conditions of sea state 1,3, and 4.

Test Procedure:
The vehicle ARGOS PTT shall be enabled, and the time until the PTT position information is received through system ARGOS will be noted.  The test will be repeated with the vehicle on the surface at sea, in sea states 1,3, and 4.

Results:



Notes:

 This test can be combined with any other operation at sea.
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