Operation of a Tethys Class Long Range Autonomous Underwater Vehicle

1. Description
The Tethys Class Long Range Autonomous Underwater Vehicle (LRAUV) is operated by Monterey Bay Aquarium Research Institute (MBARI).  It weighs approximately 250 lbs,  is about 8 feet long and 12 inches in diameter.  On rechargeable batteries (3.2 kW-hr capacity) is has an operational endurance of approximately 7 days.  Using primary batteries (12.5 kW-hr) it has an operational endurance of approximately 25 days.  There are various configurations for the payload on the nose of the vehicle.  A standard science payload includes a Neil Brown CTD, an Anderra O2 sensor, a WetLabs Ecopuck, a ISUS nitrate sensor, a PAR sensor and an ADCP/DVL.  The payload configuration is often changed for specific missions and can include a longer nose to allow for inclusion of a DAT modem or a micro-turbulence sensor.
2. Organizational Responsibilities
a. Lead Scientist/Engineer
The Lead Scietist or Engineer defines the mission goals for the deployment.  This is used to develop the deployment plan. Changes in the deployment plan need to be approved by the Lead Scientist / Engineer
b. Super User
A few individuals are qualified at a “Super User” level and can initiate corrective actions that can mitigate subsystem failures on the vehicle.  One of these individuals will be on call at all times while a vheivle is deployed. 
c. Operator
The operator will know how to monitor vehicle operations and determine if the vehicle is performing well.  This will entail being available by TethysDash notification to respond to a message from the vehicle, being able to initiate simple commands and contacting the on duty Super User if uncertain of correct course of action.
The operator will verify the vehicle is operating per deployment plan.  If questions arise, the operator will contact a Super User or Lead as necessary.
3. Operator Watchstanding Basics
a. First, verify notifications are enabled for all vehicles and function as needed to alert operator in the event of emgency, notes, commands, log critical and similar alerts.
i. Web enabled device
The operator, while on watch, will need a device capable of web access.  This can be a smartphone, iPad, tablet, laptop or PC.  There is an iPad assigned to the LRAUV lab that is available for checkout although this is preferentially reserved for boat operations.  IT can provide loaner laptops if needed.
ii. Audible / vibration alerts
TethysDash has a Notifications feature that allows text messages and e-mail alerts to be sent to your preferred device.  This is set on the TethysDash and can be configured to send various subsets of messages received from the vehicle.
b. Next, the operator should verify they understand the deployment plan for their watch.
i. [bookmark: _GoBack]The deployment plan for each vehicle can be accessed 
c. Positive hand off of vehicle to next watchstander
Changing of the watch is only final when the oncoming watch stander has made a Log Entry on TethysDash that they have the watch.  It is very important that there is always an operator monitoring the vehicle. 
4. Operator Responsibilities
The basic responsibilities of the operator on watch can be summed up by asking the questions of “Is the vehicle OK?” and “Is the deployment going according to plan?”  Positive answers to both of these questions results in a successful watch.
a. Is the vehicle OK?
This is answered by using the most recent log page to verify the location of the vehicle is consistent with the currently running mission and using TethysDash to verify the vehicle is still running the last commanded mission.  The map at the top of the log page shows the vehicle track with a red “X” showing the vehicle’s last reported position.  Actual last lat and long are available at the top of the page   The “Elapsed time since last valid data” provides a running timer from the last successful receipt of a data set.
The operator on watch should always know when the vehicle is due to check in next.  This is dependent on the mission and should be described in the deployment plan.  It is good practice to make a log entry regarding next expected surfacing prior to turning over the watch to the next operator.
b. Is the deployment being successful?
The Deployment Plan will have a schedule of when the vehicle should be doing what mission.  As this changes over the course of the deployment, the deployment plan will be update.  The Operator on watch should verify the currently running mission matches the schedule in the Deployment Plan.
Each mission may have specific information that is being reported to the log page.  This will be detailed in the Deployment plan.  The operator should verify the expected data is being plotted on the log page and contact the Super-User if it is not.
5. Tethys Dash http://aosn.mbari.org/TethysDash/ 
a. TethysDash is a text based web interface that provides the operator with a lot of information and a great deal of flexibility in how that information is presented.  The Operator needs to be attentive to configuring TethysDash to display the desired information while filtering out extraneous information.
b. Logging in to TethysDash
i. OpenID
ii. Google
iii. Yahoo
iv. MBARI
v. 
c. Select the correct vehicle.
i. The most important step is to select the correct vehicle.  There is a drop down selection list in the upper left hand corner of the page that contains a list of all vehicles.  Clicking on the triangle will show the list.  Clicking on the vehicle name will select that vehicle for display.  If your web device will support it, having multiple instances of TethysDash open with each one pointing at a different vehicle can help.
d.  How do I know if the vehicle OK; Or Log Fault vs Log Critical
i. The LRAUV is designed to be fault tolerant for increased reliability.  Selecting the “logFault” radio button on TethysDash will display all of the reported faults from the vehicle in Orange.  The reported faults are for information purposes only.  They do NOT indicate the vehicle is no longer running although they do give information regarding problems the vehicle is dealing with.
ii. Selecting the logCritical radio button will display all reported failures.  These are events that the vehicle was unable to correct and require operator attention.  To assist the operator, when the vehicle experiences a logCritical failure it will abort the current mission and start the Default mission.  The current Default mission has the vehicle come to the surface, contact the operator and wait for further instructions.
e. Where is the vehicle??
i. Being able to state where the vehicle was on its last check in is important.  The most recent log page has the last Latitude and Longitude on the top f the page.
ii. In the unlikely event of a failure of the vehicle / Iridium location system, the LRAUV also has an Argos tag on it that will transmit hourly during the day, while on the surface.  Selecting the “argoReceive” radio button will show these positions.  They are not especially accurate and tend to be more a sanity check regarding vehicle status.
6. History and the check boxes
7. Check no boxes to see all, or check only the boxes you want to see
8. Boxes are argoReceive, command, dataProcessed, deploy, emergency, logCritical, logFault, logImportant, logPath, note, patch, sbdReceipt, sbdReceive, sbdSend, tracking
9. Logs
a. UTC / local button
b. Link to Log page
i. YYYYMMDDTHHMMSS
ii. UTC start of logs
iii. More button
c. If logged in 
i. Reprocess and Replot
ii. Replot
10. Reports
a. Select buttons for messages of interest
b. Select deployment
c. Choose New to Old or vice versa
d. Generate Report
11. Deployments
a. List of deployments with date/time ranges
b. Can edit if logged in
12. Log Entry
a. Testing your phone/device
b. Starting  your watch “I’m on”
c. Ending your watch “I’m gone”
d. Expected vehicle actions “due up at 0400”, “running compass calibration when ballast and trim is complete”
e. Useful information for later “We've had a dozen faults on this subsystem, need to look into it.”
13. New Run
a. Select a Mission Script
i. Demo, Engineering, Insert, Maintenance, RegressionTests, Science, Staging, Transport
b. Lots of sharps edges!
14. Commands
a. Text box and submit
i. If you know what to type, do it
b. Recent Commands
i. What has been typed recently.  Handy for repeating that recently sent tongue twister
c. “Build a Command”
i. Helping us remember how to use that command in the middle of the night
15. Config
a. A table with every configuration variable and value available for your perusal
b. Green is vehicle specific
c. Purple is the current configSet on the vehicle
i. See “configSet” in Commands
16. Notifications
a. Allows you to select what messages you will receive from each vehicle and how you will receive them.
b. Text
c. E-mail
17. Tracking
a. Selects which external tracking source to feed to vehicle for input into mission
18. Editor
a. Allows changing of missions on vehicle

