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Introduction

The rationale for this effort has been elaborated elsewhere; briefly said however the key reasons are the following:

1. Dynamic adaptability: Scientists are increasingly in need of a capability to characterize, observe and sample ocean phenomenon that are of a dynamic and episodic nature. This precludes the possibility of pre-programming ocean assets towards a specific behavior (or set of behaviors).

2. Responsiveness: Robotic ocean going assets have become capable of carrying more sensors allowing users the possibility of harnessing the sensory data for control purposes. This has made it contingent upon mission operators to take advantage of the sensory loops to close the gap between asset capability and control to better optimize the overall response to the environment.

3. Persistence: Robotic platforms are increasingly sophisticated and capable raising the expectation they will be able to persist in the oceans for longer durations to sample at larger spatio-temporal scales.

4. Robust engineering: Programming such platforms lends itself to complexity in development, which we would like to alleviate with the use of model-based approaches that also lend itself to abstraction and uniform modalities in commanding.

[image: image1.png]The central goal of this research proposal is to build a deliberative autonomous system for MBARI’s robotic sea-going assets. The components of such a system will include a

· deliberative planner which will expand and articulate high-level goals provided by a user and project a set of actions for the platform to perform to achieve the desired goals

· [image: image2.jpg]smart executive which will sequence these projected tasks and command the sensors and actuators to perform necessary actions  to achieve the goal

· diagnosis and error recovery system which will ensure robust goal achievement in the event of off-nominal conditions

Fig. 1 above shows these three principal components, constituting a deliberative autonomous system. 

This document outlines the plans for the 2007 on-board autonomy demonstration. Our goal is to demonstrate adaptive mission control allowing us to deal with dynamic and natural uncertainties of nominal operation, as well as exceptional situations such as failure conditions and opportunistic events. We will develop an Adaptive Mission Controller (AMC) which will augment the existing control system. The AMC is the primary product to be developed under this project. We begin with a brief description of some key issues encountered in AUV operations in the past. We then describe science requirements for adaptive mission control based on our conversations with a subset of MBARI researchers. We then present the set of capabilities we propose to demonstrate in light of the operational and science concerns and outline a demonstration plan to illustrate desired capabilities in a realistic mission context. Finally, we outline the high-level architecture and project plan to accomplish our objectives.

The current AUV control system, a hybrid Subsumption-based architecture, has been very successful in DMO operations at MBARI. So much so that it forms the basis of the Huxley architecture used nominally by Bluefin. This system has the robustness and capabilities that have been extensively used and adapted to the current needs of ocean scientists over a number of years. As a consequence we would like to use this current system as a stable starting point to make an impact on the next generation of mission needs that the oceanographic community is only now coming to grips with. These include tracking, mapping and characterizing dynamic ocean phenomenon such as thin-layers, HAB’s and effluents from hydrothermal vents and cold seeps. Our intention is to augment current capabilities using onboard decision making for deliberative autonomy without reinventing the wheel. We intend to do so by collaborating actively with academic partners (such as MIT and NASA Ames) and relying on core internal expertise, both in MBARI Engineering as well as DMO. 

In our review of the current AUV control architecture, we have identified a number of critical needs to be addressed. For instance, the architecture has limited capability to adapt behaviors based on deviations of forecast vs. actual progress. In targeting the science we have chosen to focus on the CTD vehicle; all references are therefore to the known and stable configuration of this specific vehicle for this years demonstration.

Key issues in AUV operation

This section outlines a number of actual scenarios encountered in AUV operation. It is based on a series of in-depth meetings by the authors of this document. They impact vehicle safety and mission utility primarily. If ‘workarounds’ proposed here could be developed in-situ as problems arise, then we could expect greater science utility from missions.

Failure to turn up on time

The onboard abort sequence can be triggered in a number of ways. One such way was demonstrated on a recent cruise to the Axial Seamount when the vehicle was unable to attain a waypoint and remained submerged, for a long time, until waypoints timed out and the abort sequence was triggered. In such cases, the accumulated error in position estimation may mean it has gone way off course, or surfaced in a location that is hazardous to the health & safety of the vehicle or its surroundings (e.g. near-shore waters and/or in active shipping lanes). While one could change the current control algorithm to accommodate such specific cases, our approach is to strive to produce a more general solution would be to be able to detect deviations from an expected course of action. These deviations might include timing considerations, in such a way that all flight/operational rules are obeyed. For instance in such a case, one flight rule of interest could be that the vehicle check in at least once every 45 minutes by surfacing, localizing with a GPS fix and calling home if there is an indication of lack of localization.

Furthermore, if the mission is expedited/delayed due to favorable/unfavorable currents for example, the vehicle could arrive early/late at the pickup point by the mother ship. The control system lacks the situational awareness to detect this possibility and slow down, speed up, or shed mission goals to rectify the situation as appropriate. Early arrival could be dangerous as the vehicle may be left on the surface in a possibly unsafe location for an extended period of time. Late arrival might also be undesirable as a crew and ship are left waiting around for the vehicle to show up.

Uncertainty in energy consumption and availability

When planning a mission, the precise energy required to accomplish the plan is estimated to ensure adequate availability. Once the plan is committed, it is by and large executed open loop irrespective of actual energy levels. By “open-loop” we mean to indicate that the battery State of Charge (SOC) telemetry is not factored in during mission execution to adjust the vehicles trajectory (path and speed). This is problematic for a number of reasons:

· There is inherent uncertainty in actual energy consumption levels. Sources of uncertainty arise from variations in actual current velocity as well as uncertainty in vehicle subsystem performance.

· There is uncertainty about the available energy in the batteries. The most likely source for this is a degradation of battery performance due to a fault of some kind. 

· Detection of low battery levels is based on current state of the battery only i.e. we have no capability to project energy deficiencies if the mission is executed as planned. Currently, such a scenario can lead to an abort at a very inopportune moment in the mission. If there were greater predictability, selective impacts to the mission plan could be undertaken to ensure an appropriate mission completion plan is attainable.

· The current practice is to address the energy uncertainty using conservative approximations. This can lead to reduced mission utility. If there is sufficient on-board decisional capability, then a more optimal mission plan could be dynamically generated such that demands could be shed as the situation demanded.

Giving up the mission as a first resort

The AUV currently employs a single abort plan for all failure modes: drop weight; surface; get a GPS fix; phone home. In practice however, there are a number of cases where the mission can be dynamically and safely adapted to the current circumstance. For example:

· If a battery failure occurs, there may be plenty of energy available in the remaining bank of batteries to complete a good portion of the mission; goals could selectively be shed in a manner that brings the AUV back to an appropriate pick up location in a safe zone, for instance.

· There are 2 pressure sensors on board the CTD vehicle: the main pressure sensor, and a backup available on the HS2 HydroScat. If the primary pressure sensor fails, the control system could potentially fail over to the backup sensor and continue the mission even if the backup provides coarse-grained data.

· There is currently a single control law for the tail-cone utilizing feedback from a linear potentiometer.  In the past, potentiometer failures have occurred resulting in loss of effective tail-cone control prematurely ending the mission. It has been proposed that an alternate control law could be implemented as a general backup measure, the details of which are still being explored. In the event of a potentiometer failure, the system could fail-over to this backup control law and the mission could continue. If degraded performance of the backup configuration impacts the mission, a modified mission plan could be developed on-board to make the most of what was available.

· There are cases where sensor data may indicate a possible fault, but that there is insufficient data. In such a case, the deliberative control would probe actively to disambiguate the fault. For example, problems with the operation of the tail-cone could potentially be triggered by analysis of tail-cone rudder and elevator deflection angles, measured RPM, measured current in combination with attitude, heading, speed over ground, altitude and depth. Forcing a slew of the vehicle and measuring the response of these data against predicted values could confirm a failure of tail-cone control. Such an active diagnostic capability could be useful for accurately identifying faults and ensuring the appropriate measures were taken. This topic could also develop into a promising line of research in vehicular control.

Abort plan leaves the vehicle in jeopardy

In November 2006, the AUV surfaced just off Monterey due to a pressure sensor failure. The location where this occurred was dangerously close to surf and shipping lanes The vehicle had adequate navigation and propulsion to head to a safe zone along the surface if it could have discriminated the nature of the fault, the desirability of being in a safe zone, and the means remaining to arrive at such a point.

Impaired Mobility

There have been at least 3 occasions where an AUV has suffered impaired mobility. Examples have included getting caught in kelp, getting stuck on the bottom, or getting some debris such as a net tangled in the prop. A number of sensors can be employed to detect such situations and trigger the deliberative autonomy to alleviate such a likely circumstance. Detection will involve a comparison of forecast vs. actual values. For example, if the speed in the water is less than the expected speed it may be an indication of increased vehicle drag due to entanglement. If the vehicle is pointed down and we are not getting any altimeter data and the speed through the water is 0, then we may have hit the bottom. Recovery methods might include:

· Stopping the prop to float up until altimeter readings kick in again.

· Reversing the vehicle to attempt to extract it from being dug in the bottom.

· Slewing the vehicle to try to dislodge entangled debris.

· Dropping the weight terminating the mission.

Recovery might take trying a few things and therefore in such a circumstance one would need the ability to track both time and resources to accomplish the recovery.

Science Drivers

One of the key drivers for this effort is to impact how science is and can be, done. Towards that end, our objectives are to augment existing capabilities of the AUV platform with the ability to adapt using deliberative techniques. Our efforts will be informed in two qualitatively important ways. 
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First, we will demonstrate mission planning which is goal based, rather than waypoint based. Science goals would be attached to regions of importance; one representation of these regions is via links in a connected graph, where each link would represent a geographical constraint for traversal in the mission plan. Associated with each goal will be a priority assigned based on science drivers for the mission. Priority attributes on goals allow the actual science intent to be better characterized and available for decision-making, which will in turn allow goal shedding based on how important it is to the science customer. Further surfacing events need not be specifically programmed in; the system could automatically generate them based on an acceptable need to localize the navigation. Such a scheme is different from existing waypoint-based mission planning in a number of ways;

· It allows the system to derive the actual path adaptively and is therefore open to react to opportunistic events or off-nominal conditions. 

· It allows the mission operator to define what is key for mission success without providing actual details of the how the mission should be carried out.
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For example in Fig 2. we show an illustrative mission plan with five waypoints (W1 …W5) and 4 links (a…d). The mission start occurs at W1 traversing link a with link d considered as high science value because it straddles a red-tide incubator region with a high value for obtaining a sample. Should a battery bank failure occur during the course of traversing a, onboard resource analysis could determine that there is sufficient energy to get to W5 for a pickup, but by traversing d. To do so, the system will determine that the best way to traverse d, would be to get to W4 dropping links b and c. This ensures that the key goal of sampling d continues to be exercised despite the anomaly. 

Second, we have had an early driver to demonstrate opportunistic sampling of the water column. An important starting point has been to engage the ongoing Gulper instrument deployment project.  The Gulper is a device, which can take up to 2 liter samples (see Fig 3); coupled to an AUV, the system can cost-effectively bring water column samples from various locations for analysis in the lab which in the past had only been possible with ship-based science. To do so, one key issue is to work out when to trigger sampling. We are therefore currently working on a set of clustering techniques, partly based on work at NASA Ames, that use learned data from previous missions and extracted into clusters. These clusters are then used by an onboard classifier which gets data from sensors in real-time is able to identify the best cluster match. A distance metric gives information about the quality of such a match. This abstract representation can then be used by a decisional component to decide whether the Gulper should be triggered. We expect to use this capability in two interesting ways:

· To fire the Gulper when the sampled region indicates a signal of appropriate interest

· To modify the navigation of the AUV to optimize sampling. 
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We can illustrate the latter with an example scenario:  on a particular area of our proposed mission scientists are aware that that there is an opportunity to encounter a nepheloid layer with high backscatter (high density of particles) and low chlorophyll fluorescence. There is great interest in obtaining samples from this area with the signature encapsulated in a previously derived set of clusters.  The classical execution of the AUV is to map a particular area using depth-based yoyo navigation such as seen in Fig 4. Note however that Yanwu Zhang has implemented a thin-layer following behavior; however that behavior is not dynamically triggered as is being proposed here. 

With our adaptive component, however, if the classifier component detects the nepheloid layer we are interested in, a better navigation policy would be to switch to a temperature based yoyo scheme where the temperature bounds of the yoyo are determined by the edges of the detected layer. In such an eventuality, the nepheloid tracking behavior is activated producing a denser sampling regime as illustrated in Fig 5.
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We can see in this second scenario that the decisional component has modified its mission execution dynamically according to an exogenous event.  Using high level planning and execution control techniques we can make this kind of decision given the scientific goals and their respective priorities. These priorities enable the planner to decide in-situ what set of tasks will maximize the utility of the mission.

Demonstration

Capabilities

This year we propose to demonstrate the following capabilities to show how on-board deliberative autonomy can be employed to solve some of the problems previously identified. The proposed capabilities are:

· Goal driven execution. A software agent will work throughout the mission to accomplish mission objectives given available time, resources and system constraints and introspectively examine the state of the vehicle and its goal achievement. This is in contrast to current modes of execution where a specific mission plan is provided at the start; should the plan fail for any reason, there is no capability to adapt, consequently resulting in mission termination. Here, we retain the flexibility to devise new plans in-situ as the mission unfolds.

· Adaptive sampling. We will permit a science goal to include an adaptive sampling strategy i.e. sampling decisions will be based on sensor input. The Gulper application fits directly in this mold and we expect to utilize the a priori cluster learning capability to trigger Gulper sequences from contextual real-time data.

· Passive fault detection. Given a set of sensor data, identify a fault condition. This is characterized as passive since fault identification does not require perturbation of the system. Rather it is simply a function of current vehicle state. Many faults can be identified this way such as, for example, a battery failure.

· Active fault detection. This mode of fault detection allows for the possibility that actions may be required to probe the system in a manner that will aid discrimination between possible fault (or nominal) states.

· Automatic fault recovery. In cases of active or passive fault detection, we wish to demonstrate the ability to modify the mission plan to safe the vehicle and/or resume a modified mission, which is feasible under the new configuration.

Mission Specification

A high-level mission specification for our deliberative system will include:

· A path network consisting of nodes and links. Each node is defined by latitude, longitude, and depth range. The depth indicates the minimum and maximum depth allowed at that node. Each link is defined by a source and destination node and represents a valid traverse from the former to the latter. The path network can be considered a 3 dimensional roadmap. All mission profiles must adhere to this path network. This is an important safety device.

· A set of goals to accomplish. A science goal will be associated with a link in the path network. Each goal will have a priority. All goals at priority X will take precedence over all goals at priority Y where X < Y. An operational goal can be specified in terms of being at selected waypoints within given time bounds.

· A set of constraints on goals. This permits the operator to constrain the plan to a restricted set of paths through the network, including a single path if necessary. It also permits the operator to specify timing considerations for reaching certain waypoints in either relative or absolute terms.

· A set of safety points. A safety point is associated with a node in the path network which is a safe collection point should the mission be aborted. In other words we will use the existing path network approach to mission planning and attribute the desire to achieve waypoints, with safety points being locations where the AUV could safely rise to the surface. 

· The pickup point should be the most important waypoint.

· A minimum energy level. If specified, it will indicate a reserve energy level in the battery at mission end. If this constraint cannot be satisfied during the course of the mission, the mission will be aborted.

Control

· Goal Execution. We will begin with an over-subscribed set of goals to dispatch incrementally as we commit to them. We will include the possibility of skipping goals if time or energy constraints render the mission as being infeasible. If a goal is abandoned, the path may be adjusted.

· Nepheloid Layer Identification and Tracking. We will include science objectives to seek out intermediate nepheloid layers of low chlorophyll concentrations. Detection will be based on the classifier system currently under development for the Gulper project. When identified, the path of the vehicle will be adjusted to track the boundary of this layer
.

· Speed control. In order to make up time, if energy permits, it may be possible to throttle up speed. Equally, in order to avoid early mission completion we may throttle down the vehicle.

· Tail-Cone Control Law Configuration. As a baseline we will focus on the use of actions to perturb the vehicle to discriminate noisy data from a real potentiometer failure. We will minimally log the results of the diagnosis. If time permits, we will provide a fail-over control law, to fail-over to an alternate control regime when a fault is detected.

· Surfacing Window Management. We will initiate a surface event to enforce the requirement for communication/localization. The decision to surface will have to consider distance from the target, depth, safety considerations, etc to compute if it is worth surfacing to enforce the flight rule. In this case we can model it as a soft constraint.

· Active Pressure Sensor. We will demonstrate a failover to a backup pressure sensor by injecting a failure event.

· Mobility Recovery. We will demonstrate detection of impaired mobility through deviations between expected and actual speed over ground. We will focus on the case of the vehicle becoming stuck. We will enable an escalation of interventions to free the vehicle.

Demonstration Scenario

The core mission concept demonstration in 2007 will be based on a CTD run in the Monterey Bay. We will augment the input data to the autonomous control system to include safe-regions to traverse to in the event of an abort. These will be specially designated waypoints. We will focus on feasibility and explore plan quality issues only if time permits. We will execute a mission profile that will include 7 goals and associated waypoints. Goals will drive the use of waypoints for planning. A view of the scenario is given in Fig 6. We have 5 days of ship time; it is therefore very likely this scenario will be demonstrated in parts initially with a complete demonstration towards the end of 2007.

· Initial Deployment. The vehicle will be deployed at W1 and commence nominal mission execution. It will accomplish its first waypoint W2 without error.

· We will set up the timing requirement such that W3 is not reachable without an intermediate surfacing event to get a GPS fix. It will do so by inserting a surfacing event into the plan and continuing the mission. 

· W4 will be reached successfully. However, due to an additional delay, the overall timing constraint for the mission would no longer be feasible. An optional mission objective will then be dropped, with a surfacing event injected in between if the timing requires it. The path will be adjusted accordingly.

· After W4 is accomplished, we will inject a fault in the battery bank. This will be detected and the impact to energy availability will be projected. The system will revise the plan by shedding one or more goals and as necessary, adjusting the path and adding surfacing events en-route.

· After the vehicle dives, we will inject a pressure sensor fault, which will be detected as a discrete failure. The system will command a fail-over to the backup pressure sensor on the HS2, and the mission will resume without any alteration to the existing set of waypoints.

· If time permits, we will consider adding a tail-cone sensor failure and recovery to this scenario, which will employ a slewing action to discriminate the failure. We would demonstrate 2 cases. In the first, the result is a noisy sensor, which is diagnosed with subsequent resumption of operations thereby demonstrating a fail-operational modality. In the second, we would detect an actual fault and fail-over to a different control law and resume the mission with an adaptation if necessary to accommodate new performance characteristics.

· During the course of executing the mission, our encoded timing constraints would allow getting ahead of schedule which would result in a response to slow down enabling the vehicle to arrive on time.

· The final act will be a secondary pressure sensor failure notification triggering an abort. This will occur at depth and will initiate a surfacing event, which will acquire a GPS fix and communicate to shore. This will be followed by a drive on the surface to a designated safe zone before W6.



System Design

A very high-level overview of proposed system components is shown in Figure 7. The top box represents main elements residing on a linux based PC-104 stack. This machine will augment the existing control system and will be connected to the MVC via a software interface shown the figure.

It contains the Adaptive Mission Controller (AMC), the main product to be developed under this project and one, which will reside on this separate board. It is responsible for adapting the system to the realities encountered during plan execution. The internal details of this system are available in a detailed design document.

Integration with the vehicle will be encapsulated in an adapter interface. This will present a façade exposing only necessary state information and commands required for control. The adapter implementation will include a client and a server. They will communicate over sockets, handling the necessary marshalling and buffering of messages. For now, we will assume the client will be polled for information from the AMC.

The Vehicle Control System in the MVC and Adapter Server will be deployed on the PC-104/ QNX system running a version of the existing AUV control software.

The general approach taken with this integration model is to provide a clean separation in hardware and software between the AMC and the core AUV control system (VCS). This approach is minimally intrusive to the existing control system code and minimal restrictive for the development of the AMC. Moreover, we propose to leverage existing behaviors of the VCS to the greatest extent possible. To that end, the primary role of the AMC is to reconfigure the VCS behavior stack during execution to accomplish mission objectives.

The remainder of this section describes each component in more detail. In addition, we describe some general points for support of development and deployment.

Vehicle Control System

Changes are required to the current AUV control software to enable the proposed adaptive mission control scenario. These changes will impact the behavior control framework so that the active behavior stack can be re-configured as the mission evolves. They will further require some new behaviors to handle some of the specific functional requirements.

Requirements

The following changes are required for the demonstration:

5. Must be able to pre-empt behaviors and start new behaviors through commands issued from the AMC (GENERAL).

6. Notifications will be generated when a behavior has started, completed, or terminated through pre-emption (GENERAL).

7. Must be able to handle a surfacing behavior and to call home (NEW BEHAVIOR
).

8. The VCS must be able to handle waypoints received one at a time (NEW BEHAVIOR). Waypoints will include a velocity specification.

9. The VCS must be able to be re-configured to use a backup pressure sensor (NEW BEHAVIOR).

10. Must be able to be re-configured to use a backup tail-cone control law (NEW BEHAVIOR).

11. Must be able to inject a discrete battery failure – actually take a battery off-line (FAULT INJECTION).

12. Must be able to generate noisy telemetry associated with a tail-cone potentiometer error (FAULT INJECTION).

13. Must be able to be commanded to slew in a prescribed way. This is an existing behavior.

14. Must be able to reflect a real fault pattern in the potentiometer that is identified with a slew.

15. Must be able to suppress automatic abort in case of pressure sensor failure (NEW BEHAVIOR).

16. Must be able to suppress automatic abort in case of battery discrete failure (NEW BEHAVIOR).

17. Must be able to swim to a designated waypoint along the surface. This behavior exists. Go to a waypoint at depth 0.

18. Must be able to assure vehicle safety assuming the AMC errors through sins of commission or omission. This is really a plan requirement to enforce a demonstration sandbox.

Design

Note that a detailed software design is available in a separate design document.

Adaptive Mission Controller

This section gives an outline of the Adaptive Mission Controller. The main points for the agent specification are the input plan details, the sensors of interest and the commands of interest. This is the basis of the external interface of the AMC. The internal AMC architecture is detailed in a separate design document.

Input Plan Structure

The mission plan will be specified as:

· All time will be based relative to mission start time. We will track time and resources, and handle granularity in the order of seconds.

· A path network. Safe Zones will be part of the network (i.e. nodes with special designation). 

· A set of science goals. Each will have a priority. Each will apply over one or more links of the path network.

· A set of operational goals. Surfacing for pickup and checking-in/localizing with GPS will be the must common.
· A set of absolute and/or relative temporal constraints on goals.
· An energy constraint enforcing a specified energy budget for the mission.

The instrument control will not be part of the plan; the VCS will continue to handle it. At this stage of our effort we have chosen to neglect bottom topography, which could have an impact on depth and yoyo patterns for the vehicle in the water column. 

Sensors

The following sensor data will be polled from the Vehicle Control System at the beginning of each control cycle
:

· Time – elapsed mission time in seconds.

· GPS data – latitude, longitude.

· Battery health – discrete value for OK, FAILED for each battery in the bank.

· Surfaced – true if at the surface, else false. Is this merely inferred from depth data or do we have a clear trip signal.

· All behavior life-cycle events (started, stopped, aborted).

· Tail-cone data – measured rpm and current, horizontal and vertical deflection angles for elevator and rudder.

· Navigation data – attitude, heading, speed over ground, altitude, depth.

· Current active waypoint.

Commanding

The nominal command set will be based on starting and stopping waypoint behaviors. Each new waypoint will be accomplished by a new behavior instance – i.e. instantiation of a token on the behavior stack. In addition, we will handle the control of the following behaviors:

· Pressure based control – whatever control code uses the pressure sensor will be augmented to have a variant based on the backup pressure sensor. The AMC will need to be able terminate the former and start the latter.

· Surface – surface if we detect a problem with the plan.

· Dive – after any surfacing event.

· Communicate & Localize – part of any surfacing event.

· Slew – used to slew the vehicle and get it back on track. We will have to investigate this further for feasibility for active diagnosis, so it is a low priority.

· Layer Following– to support adapt sampling requirement.

· Tail-cone controller – if project schedule permits, we will command the vehicle to pre-empt the primary control law and start the backup.

Fault Injection

It was decided that the Adaptive Mission Controller will handle the capability to inject faults since it would be difficult to accommodate such a timed/sequenced behavior in the AUV layered architecture once the proposed modifications are in place. The VCS will still have to implement handlers for injected faults.

Project/Development Plan

The general approach is to integrate early and often. The strategy is to use increments to press functionality to be delivered in a reasonable sequence that fits the necessary or preferable development path. For any increment, it includes all parts of the process, including required unit, module, simulation, tank and at-sea testing. Tentative months are placed on items to provide some sense of schedule.

19. Design Review (January) to review the scope, approach and plan.

20. Waypoint Dispatch (March). Focus on base integration. Get the vehicle running with all boxes instantiated; accomplish a trivial mission under nominal conditions, demonstrating simple waypoint dispatch. Key elements of this include:

· EPIC board installation with linux running.

· Simulator Stack set up

· Behavior stack control modification in place.

· Thin implementation of Adapter Client and Server

· Implementation of new Waypoint behavior.

· Implementation of plan input and dispatch for waypoints. This is a thin implementation of the AMC components.

· Simulation Test

· Hardware in the loop test

· Basic Tank Test

· Field Test

21. Surface Event Management (April). This will force fault detection through temporal propagation based on actual sensor data, and illustrate behavior stack re-configuration to inject a surfacing event. This will drive the internal agent requirements.

22. Goal Shedding based on Time or Energy (May). Incremental enhancement, which will involve reasoning with energy and time together. Can consider responses, which will include speed control possibly. We also aim include online path re-planning in light of reduced goal set.

23. Battery Failure (June). This will require the fault injection to be in place.

24. Safe Mission Abort (July). Will require fault injection, new behavior for swimming at the surface, and re-planning capability to pick the nearest safe zone. We may want to bring this forward since it will likely be easier.

25. Pressure Sensor Failure (August). Will require adaptation for backup pressure sensor, and fault injection.

26. Adaptive Sampling (October). Will integrate the gulper classifier and require online re-planning to mode switch to follow a temperature layer. 

27. Impaired mobility (November). More details to be ironed out to select something. We can also just assume it will be used and work out details as we go based on experiments. Probably a long lead-time on this one.

28. Tail-cone Potentiometer Failure (December). Will require noise injection, slew handling, and active diagnosis component integration. We expect this will involve collaboration from MIT and thus will have a longer lead-time.

Fig 7 Block diagram of AMC’s interactions





Fig 3. The Gulper instrument and as integrated onto the AUV
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Fig. 1: Components of a deliberative autonomous system
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Fig 2. Network based planning
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Fig 5. An illustrative goal adaptation based on clustering for layer tracking





Fig 6. Outline of the proposed goal-based demonstration scenario
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Fig 4. Classical yoyo based navigation

















� How precisely this will be implemented is still TBD in consultation with scientists. John Ryan has proposed we use temperature as a proxy for the boundary.


� There was a lot discussed about handling mobility impairment. This needs to be further fleshed out in terms of what we will actually take on to scope requirements.


� This activity is currently implemented as two behaviors, which will coordinate within the AMC.


� Polling rate to be determined when details of required and possible control speeds are fleshed out.
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