Benthic Rover Operational Scenario
A Rover mission can be logically thought of as a series of mission phases, or states, with distinct logical boundaries. They are the Launch state, the Movement state, the Measurement state, and the Recovery state. What follows are the brief descriptions.

Launch. This is the initial state and starts when the vehicle is on the deck, and ends when the vehicle is on the seafloor and ready to move. The vehicle transitions to the next state when either a timer expires or when instrumentation on the vehicle shows that it has reached a steady state (for example, a depth sensor that is producing a constant value).
Movement. When the vehicle is in this state, it begins examining environmental conditions to determine if it can transit to the next incubation site. If the vehicle is programmed to move in a certain direction, it will wait for acceptable currents before moving. The vehicle transitions to the next state when it has reached the incubation site defined as a certain distance in a given direction.

Measurement. When the vehicle is in this state it begins the BR incubation process - capturing an image of the site, lowering the BR chambers, measuring the oxygen levels, raising and cleaning the chambers, etc. When complete, the vehicle transitions to the Recovery state if the mission is complete, otherwise it transitions back to Movement.

Recovery. This is the final state. The vehicle enters this phase when it has completed the mission, or when a problem occurs that precludes any further measurements. During this state, the vehicle simply waits until the recovery ship provides the appropriate acoustic signal to burn the drop-weight wire.

The states of the mission and their relationships are illustrated in the following state diagram. Note that if a major fault occurs while in any state, the mission transitions to the Recovery state.
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Benthic Rover Mission State Diagram

Launch State
The Launch state begins on the deck of the ship when the mission is started. During Launch various instruments and drivers can be started to log data during the descent, but otherwise the vehicle will be in a low-power mode. This state ends when the wait-timer expires and the vehicle (hopefully) is on the seafloor (Alternatively, other instrument data can be examined to determine if the vehicle is on the seafloor. Examples: a depth sensor that reads a constant depth; a current meter that does not read a vertical current; a compass reads a constant heading). 

From Launch, the vehicle will transition to the Movement  state under normal conditions, or when enough of the vehicle is functioning to continue the mission.

Movement State

When moving the Rover we’d like to minimize the sediment cloud at the destination. We can accomplish this by traveling against, or at least perpendicular to, the prevailing currents on the seafloor. This requires the vehicle to determine the direction and velocity of the current and compare it to the desired direction of travel (if any). 

(1) Determine the direction and intensity of the current.

(2) If the attributes of the current are acceptable, begin moving in the desired direction. Otherwise, wait for more favorable currents. Depends greatly on the overall mission plan.
a. The mission plan may not have a desired direction as long as the Rover does not backtrack.

b. Other

(3) The vehicle must be able to follow a heading. Due to slippage on the seafloor, the vehicle must continuously monitor its direction and make corrections.

(4) The vehicle should also track changes in the current and be prepared to stop, if the current shifts drastically, and postpone the move until the currents are acceptable again.
The vehicle transitions to the Measurement state upon reaching the desired location. If, while driving to the next measurement site the vehicle develops a major system fault, the system will transition to the Recovery state.
Measurement State

The Measurement state is no doubt the busiest and longest in the Rover mission. Processing begins after the Rover has finished moving to a measurement site.
(1) The first step is to wait for the sediment cloud to clear.

(2) The next task is to take an image of the seafloor where the BR chambers are to be     inserted. This will involve using the camera and the video server.

(3) The next task will be to lower the BR chambers into the sediment using the rack assembly. TBD is to determine how far into the sediment to insert the chambers (a switch, back-pressure from the motors). Valves on top of the chamber must be opened during the insertion and then closed before incubation begins.

(4) Another image is then taken of the chambers in the sediment.

(5) The next task is the benthic respirometry and incubation process. This will involve interfacing with the Aanderaa optodes and controlling a stirring motor, the process will be similar (identical?) to the process already employed by the BRS project and may last days.

(6) After the BR process is complete, the chambers are raised and cleaned. The chamber valves should be opened before raising the chambers and kept open during cleaning. Cleaning will involve controlling a pump that will move water through the opened valves.

(7) The valves are closed and the chambers are moved to the stowed position for transit

The mission is ready to transition out of the Measurement state when the chambers are stowed. If there is enough time and resources to conduct another measurement, the mission will transition back to the Movement state. Otherwise, the mission will transition to the Recovery state.
Recovery State

The Recovery state begins when the vehicle is finished with all the planned mission measurements, or when circumstances preclude any more (e.g., severe faults or failures). This phase is similar to Launch in that the vehicle will again resort to a low-power mode, though some internal logging by the instruments may be ongoing. The main system is not required to perform tasks specific for the recovery process. However, if battery levels permit, the main system can remain active for logging and communication purposes.
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