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Objective

· Produce high quality bathymetric maps of the seafloor registered to the earth with a lateral accuracy <= 3 meters and a vertical precision <= 0.3 meters in water depths from 4000m – 6000m. Seafloor mapping times of 10-20 hours should be possible.

Pre-Launch

Operations Preparation

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

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

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

· Obtain necessary permits.

· Check climate data to find optimal working hours (specifically launching/recovery tasks)
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Use the mission configurator GUI to build the mission script and simulate it in Matlab.

Transit

· Set up communications, tracking, and control computers.

· Set up data server and data crunching machines.

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

· Measure antenna site offsets from each other (eg. GPS, LBL, USBL)

On Site Preparation

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

· Deploy an LBL beacon in the center of the grid as shown in Figure 1 which will allow the AUV to operate in a 3 km x 6 km site.
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Figure 1: LBL Grid Deployment

Such a geometry should allow for a continuous one beacon solution. Once the support vessel arrives on site using DGPS, the AUV team will deploy the transponder, then perform cloverleaf maneuvers (30% of depth radius 4x at 90deg) over it for 160 minutes to collect slant range data. Transponder deployment, including final checkout, deployment (50m/min), survey, will take approximately five hours due to the descent rate. Note – the current survey technique relies on adjusting the average speed of sound to minimize residuals. It would probably be beneficial to rewrite the algorithm so it adjusts speed of sound automatically, or to have XBT’s or CTD’s available to get real temperature/salinity data.

Pre-Dive

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

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

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

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

· Verify the LBL TR7000 transponder is awake with the DS7000 deck unit

The Mission

Deep Ocean Mapping

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

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

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

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

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

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

· The vehicle now starts the 10-20 hours of sonar scanning of the ocean floor by performing a pattern that optimizes ground coverage and sonar coverage.

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

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

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

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

Post-Dive Operations

· Once the vehicle is on deck, shore power and 100Mbps Ethernet should be connected immediately to begin data offloading. Transfer rate will be better than 4.5 GB in 10 minutes (75% of 10 bits/byte). It is likely that 5 GB/hour of data will be the worst-case capture rate if back-scatter data is collected too. So for a 10 hour mapping mission, 10 hr x 5 GB/hr /0.45 GB/min = 111 mins (1.9 hr) are needed to download data from the AUV. A 20 hour mapping mission would need 20 hr x 5 GB/hr /0.45 GB/min = 222 mins (3.7 hr) to download. We need to worry about cooling the onboard Reson computer while this transfer is happening if the ambient temperature is high. Monitor telemetry to prevent melt-downs at all times.

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

· Once data looks okay, the LBL transponder should be commanded to burn its wire and come back to the surface. Crew on RV will locate and pick up transponder when it arrives.

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

Trade Studies

Navigation Quality

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

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

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

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

Descent profile –

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

Operating depth – 2000m (gulf of california)

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

Rate – 30 m/minute (free)

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

INS drift – 1.0 mile/hr = 1800m/hr

Energy

Power –


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


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

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

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

Descent – 1.3 hr @   60 w =      78whr

Mission -  8.0 hr @ 320 w =  2560whr

Ascent   -  1.1 hr @   60 w =     66 whr

Total                                       2704whr for 8 hr mission

Total                                       4624whr for 14 hr mission

Total                                       7824whr for 24 hr mission

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

Descent – 1.3 hr @  210 w =  273 whr

Mission -  8.0 hr @ 320 w = 2560 whr

Ascent   -  1.1 hr @ 190 w =   209 whr

Total                                      3042 whr for 8 hr mission

Total                                      4962 whr for 14 hr mission

Total                                      8162 whr for 24 hr mission

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

Descent – 1.3 hr @  270w =   351 whr

Mission -  8.0 hr @ 320 w = 2560 whr

Ascent   -  1.1 hr @ 250 w =   275 whr

Total                                       3186whr for 8 hr mission

Total                                       5106whr for 14 hr mission

Total                                       8306whr for 24 hr mission
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