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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.

Objective:  Demonstrate unique arctic AUV capabilities

1.  High latitude navigation

2.  Remote data retrieval
Pre Departure Vehicle Preparation

The vehicle test team is negotiating with the Norwegian Polar Institute in Tromso for the use of a small amount of space for vehicle assembly and testing prior to the scheduled return of the Healy to port (03 October).   The vehicle test team is scheduled to arrive in Tromso 26 September, leaving one week for vehicle assembly, testing, and contingency.   Depending upon state of the vehicle after shipping, the availability of heavy lifting gear at NPI, and access to seawater, the test team may or may not be able to complete the final ballast and trim adjustments prior to the return of the Healy to Tromso.  

Upon the return of the Healy to Tromso the ALTEX team will begin the following tasks, with assist from the Healy crew as required:

1. Load and secure for sea all equipment, tools, and spares for vehicle operations.

2. Install vehicle command station in the science lab.

3. Complete final ballast and trim in Tromso harbor from the Healy cranes if necessary.  (May prove to be useful dry runs for launch and recovery.)

4. Test USBL hydrophone from gravity core pipe mount under starboard A-frame.

5. Mount and test low frequency hydrophone from spare sea chest/or integrate Benthos DS-7000 with Bathy 2000 12 kHz transducer at IC room transducer breakout box.

6. Test network configuration so that all required computers can see the vehicle and file server.

Test Regime
Test 1.  Basic Functionality of Vehicle and Ship’s Science Systems

Purpose:  We will demonstrate the ability to operate an autonomous underwater vehicle from the USCG Cutter Healy.  We will launch the vehicle, command it to begin a mission, monitor the progress of the mission, and recover the vehicle.  Science data acquired will be compared to NIST traceable standards via CTD rosette casts.
Estimated Duration of Testing:  Three days.

Estimated Start Date: 8 October 2001

Launch Location:  TBD -- protected water vicinity Tromso,  Norway.

Flight Profiles:  Various, to include all behaviors of ALTEX mission.

Recovery Location:  Same as launch.

Contingencies:  Return to Tromso.

Enabling technologies:
1. The ship’s ability to launch and recover the vehicle in open water.

2. The ship’s ability to monitor the progess of the mission in real time.

3.  The vehicle’s ability to reference heading to appropriate precision. 

4. The ship’s ability to acquire science data via CTD rosette.

5. The ship’s ability to acquire current data via ADCP.

Test 2.  High Latitude Navigation

Purpose:  We will verify that the navigation performance of the vehicle at latitude 70 degrees N (vicinity Tromso Norway) is within specified bounds.  As of October 2000 that specification is 1 percent of distance traveled. Performance will be verified via comparison with USBL data acquired aboard the ship and/or via bottom tracking DVL.  Transit to open water will proceed upon successful completion of this test.  Allocate 2 days for transit (assume open water cruise speed of ship is15 knots).
Estimated Duration of Testing:  Two days.

Estimated Start Date:  10-11 October 2001

Launch Location:  Protected water vicinity Tromso, Norway

Flight Profile:  To be determined.

Recovery Location:  Same as launch.

Contingencies:  There is by definition no contingency for this test.  If the inertial navigation system cannot resolve heading at 70 degrees N then there is negligible possibility that it will be able to do so at higher latitudes.

Enabling technologies:
1. The ship’s ability to launch and recover the vehicle in open water.

2. The ship’s ability to measure the position of the vehicle to within 1 percent of the vehicle’s tracklength and/or the vehicle’s ability to acquire a GPS fix within a few minutes.

3. The vehicle’s ability to reference heading to appropriate precision at latitude 70.

4. The vehicle’s ability to measure its position such that at mission termination the vehicle is within range of its location devices.

Test 3.  High Latitude Navigation Testing II

Purpose:  We will verify that the navigation performance of the vehicle at latitude 80 degrees N (vicinity 1000m isobath NE of Svalbard) is within specified bounds.  As of October 2000 that specification is 1 percent of distance traveled.  Performance will be verified via comparison with USBL data acquired aboard the ship.  Investigate the idea of verifying navigation performance via bottom (or ice) tracking DVL.
Estimated Duration of Testing:  Two days

Estimated Start Date:  14-15 October 2001

Launch Location:  In the vicinity of 1000 m isobath NE of Svalbard.  In the ideal case the test would be conducted in open water.

Flight Profile:  To be determined.

Recovery Location:  Same as launch.  

Contingencies:  

Enabling technologies:
1.  The ship’s ability to launch and recover the vehicle in open water.

2. The ship’s ability to measure the position of the vehicle to within 1 percent of the vehicle’s tracklength.

3.  The vehicle’s ability to reference heading to appropriate precision at latitude 80.

4. The vehicle’s ability to measure its position such that at mission termination the vehicle is within range of its location devices.

Test 4.  Ice Measurement Testing

Purpose:   We will demonstrate the ability to measure the thickness of ice while underway.  Measurements will be performed both during level flight and while flying a sawtooth pattern in the vertical plane.  Results will be verified with an ice auger along the vehicle’s transect.  In the ideal case the tests would be performed with each sonar system separately.   In the ideal case during (or shortly thereafter) the vehicle’s ice thickness measurements it will be possible for some number of ships and science personnel to be on the ice making ice thickness measurements via ice auger along the track of the vehicle.
Estimated Duration of Testing:  Two days.

Estimated Start Date:  16-17 October 2001

Launch Location:  To be determined, contingent upon ice conditions.

Flight Profile: 


Option I --  unidirectional transit under isolated floe.


Option II – bidirectional transit under marginal pack ice.

In either case the launch and recovery will take place in open water.

Recovery Location: To be determined, contingent upon ice conditions.

Contingencies:  The ability to locate and recover the vehicle from under the ice.  A small ROV with manipulator arm has been acquired for the purpose of terminal recovery of a vehicle stationary under the ice.

Enabling technologies:

1. Either of the following:

a. The ship’s ability to track the vehicle while underway in the ice.

b. The vehicle’s ability to navigate to within the range of its location devices for the duration of its mission.

2. The ability of the vehicle to measure the thickness of the ice (precision to be determined) while underway.

3.  The ability of the to ship to measure the ice thickness (precision to be determined)     along the track of the vehicle.
Test 5.  Science data verification

Purpose:   Establish the precision and accuracy of the conductivity, temperature, oxygen, nitrate, and ice thickness data from the vehicle.  This set of testing will involve performing CTD casts at the same time that the vehicle is performing a preprogrammed descent.  It is likely that some number of deep (>1000 meters) CTD casts will be requested.  In the ideal case during the vehicle’s ice thickness measurements (or shortly thereafter) it will be possible for some number of ships and science personnel to be on the ice making ice thickness measurements via ice auger along the track of the vehicle.
Estimated Duration of Testing:  Two days

Estimated Start Date:  18 October 

Launch Location:  TBD



Flight Profile:  TBD

Recovery Location: Same as launch

Contingencies:  

Enabling technologies:  

1. The ability of the ship to do a CTD cast while the vehicle is descending with 1 nautical mile.

2. The ability to operate the vehicle in an unattended fashion.

Test 6.  Under ice data retrieval

Purpose:   We will demonstrate the ability to retrieve data from the vehicle under the ice, using the data buoy launcher.  
Estimated Duration of Testing:  

Estimated Start Date:  20-21 October 2001

Launch Location:  To be determined, based on ice conditions.  In the ideal case the ice conditions would allow for open water launch and recovery and 100% ice cover along the vehicle’s track.

Flight Profile:  Launch in open water, inbound leg, buoy launch,  outbound leg, recovery in open water.

Recovery Location:  Same as launch.

Contingencies:  The ability to locate and recover the vehicle from under the ice.

Enabling technologies:

1.  Either of the following:

a.  The ship’s ability to track the vehicle while underway in the ice.

b. The vehicle’s ability to navigate to within the range of its location devices for the duration of its mission.

2. The ability of the vehicle to measure the thickness of the ice (precision to be determined) while underway.

3. The ability of the vehicle to navigate with respect to ice thickness.

4.  The ability of the to ship to measure the ice thickness (precision to be determined)      along the track of the vehicle.

5.  The ability of the vehicle to launch a data buoy.

6.  The buoy’s ability to penetrate the ice.

Test 7.  Extended unattended mission

Purpose:   We will demonstrate the ability to operate the vehicle for an extended (target 8 hour) mission while flying a flight profile to be determined based on science requirements.  This test will only be contemplated in the case that the vehicle performance proves to be robust to failure during previous testing. 
Estimated Duration of Testing:  3 days

Estimated Start Date:  22-24 October 2001

Launch Location:  To be determined, based on ice conditions.  In the ideal case the ice conditions would allow for open water launch and recovery and 100% ice cover along the vehicle’s track.

Flight Profile:  Launch in open water, inbound leg, buoy launch,  outbound leg, recovery in open water.

Recovery Location:  Same as launch.

Contingencies:  The ability to locate and recover the vehicle from under the ice.

Enabling technologies:

1.  Either of the following:

a.  The ship’s ability to track the vehicle while underway in the ice.

c. The vehicle’s ability to navigate to within the range of its location devices for the duration of its mission.

2. The ability of the vehicle to navigate with respect to ice thickness.

