ABSTRACT

Multi-vehicle operations are essential to the future of autonomous vehicles in ocean science. MBARI is already a leader in the application of multi-vehicle operations in ocean science, and we are uniquely poised to advance these operations and the scientific research they enable. Alongside MBARI’s growing fleet of autonomous platforms, the ability to simulate a multi-vehicle scenario under realistic and reproducible settings could increase the scalability of ongoing development efforts, enable rapid prototyping and testing of new algorithms, and improve the overall reliability, extensibility, and exportability of MBARI’s autonomous platform technology.

To this end, we propose a one-year effort to integrate existing open-source software for multi-vehicle underwater simulation, including the ability to simulate sensor data and environmental forcings, with LRAUV’s software ecosystem. As part of this effort we will formulate requirements for the simulation framework and work with our collaborators at Open Robotics to survey existing open-source architectures and identify potential candidates for adoption. If a candidate framework is recognized, we will scope the required development and integration efforts to interface with LRAUV’s software stack, conduct a concept design review, and develop a proof-of-concept demonstration that will form the basis for a multi-year project proposal.


ENGINEERING/TECHNOLOGY DEVELOPMENT

Architecture of lrauv-application and existing LRAUV simulator: At the basic level, the lrauv-application is a single-process/multi-threaded C++ application, which runs a main synchronous loop thread that executes individual software components in sequence. The sync loop executes everything from the driver level upwards, including control/guidance code, continues built-in-tests, etc. The app also runs a number of supporting threads for logging and other asynchronous components. Data is passed between components/threads via a shared memory object called “Slate,” to which we have standard reader/writer accessors that are inherited at the basic component level. More recently, we’ve added network-based messaging using LCM middleware that enables communication with other processes including back-seat-driver applications that execute on a separate/secondary processing unit.

The app was designed to run on a low-power embedded Linux target, but is also capable of running on a host (e.g., a Linux VM) in simulation mode. When run in sim, the app attaches to a simulation server process (sim-daemon) via socket interface. The sim-daemon runs a faster-than-real-time external simulation of the vehicle, which includes a vehicle dynamics and collision model that runs over a bathymetry map derived from standard marine navigation charts. The sim supports a minimal environmental envelope (fixed current) and crude sensor simulation for core instruments (altitude, temp, salinity, etc.) via lookup charts. These data are passed from the sim-daemon to the running app instance over the socket link, and the data is then distributed amongst the app components via Slate interface.
 
The sim is essentially a command-line tool, so the live output is a text-stream of the vehicle’s system log. The app generates logged datasets that can be processed/visualized after the fact. Multi-vehicle simulation is not currently supported.

Multi-vehicle simulation environment project: The goal of this project is to create effective software tools for development and validation of multi-vehicle applications for LRAUV. The core challenge is creating a reproducible virtual environment for development of new mission strategies and high-level algorithms for cooperative behavior that can run against LRAUV’s existing software stack. The simulation needs to interact with the command and control software of each of the simulated LRAUVs and realistically model not only hydrodynamic forces acting on each vehicle, but also acoustic communication between vehicles and the complex environments in which the operations take place. Visualization tools capable of rendering the simulated vehicles and the environment are also required to scale the development process of multi-vehicle applications effectively.

Due to the complexity involved in developing these capabilities and oversubscription of MBARI/WHOI engineering staff, we will collaborate with the team at Open Robotics to identify an open-source software architecture for simulating marine autonomous robots in multi-vehicle settings. The team at Open Robotics will scope the required development and integration efforts to interface a Robot Operating System (ROS)/Gazebo simulator with LRAUV’s software stack and present a number of integration options to MBARI/WHOI engineering staff. Pending review and recommendations of MBARI and WHOI, the team at Open Robotics will proceed to develop a vehicle model for LRAUV and a proof-of-concept demonstration that will form the basis for a multi-year project proposal.

In addition to running against LRAUV’s existing software stack, a successful simulation framework must address the following high-level criteria:

· Physical fidelity for the simulation of rigid-body dynamics and collisions.
· Capability for faster-than-real-time multi-robot simulation.
· Low complexity for setup of new scenarios and vehicle models. 
· Extendibility for integration of sensor, environment, and control modules.
· Graphical user interface and scene visualization/rendering capabilities.
· Adequate documentation.
· Open-source application with permissive license (e.g., MIT, Berkeley Software Distribution BSD, Apache).
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SPECIFIC PLANS FOR 2020

Task 1 Q2: 
· The team at Open Robotics will survey and evaluate candidate faster-than-real-time simulation architectures for LRAUV under the ROS/Gazebo open-source framework, and propose a full system design for lrauv-application integration with a Gazebo simulator, including a standardized messaging interface. The Open Robotics team will scope the required integration effort, and present integration options for evaluation by MBARI’s engineering staff.
· The team at Open Robotics will develop a vehicle model for LRAUV, including full support for LRAUV actuators (propeller, elevator, rudder, variable buoyancy system, mass-shifter, and drop-weight), that will be drivable via the standard ROS message interface. The team will also develop simple CTD and Fluorometer sensor plugins for Gazebo that will source data from a lookup table.
· The Open Robotics team will develop a basic simulated underwater environment with a low-resolution digital elevation map of Monterey Bay and extension points for adding current, wind, and wave models.
Task 2 Q2:
· The Open Robotics team will integrate lrauv-application with Gazebo. This will provide a proof of concept for operating the lrauv-application within Gazebo, putting together the components in Task 1 with the lrauv-application running on Ubuntu Bionic. We anticipate engineering support will be required for this integration task and are requesting 100 hours of O’Reilly’s time for adding LCM support to lrauv-application’s external sim interfaces. 


SPECIFIC DELIVERABLES

· Full system design for multi-vehicle Gazebo simulation and plan for lrauv-application integration with a multi-vehicle Gazebo simulator.
· Full vehicle model for LRAUV, including simple sensor plugins for CTD and Fluorometer/FDOM.
· A simulated underwater environment (“world model”) with a basic digital elevation map of Monterey Bay.
· Functioning prototype of a multi-vehicle simulator for LRAUV running against LRAUV’s application software stack.



BUDGET JUSTIFICATION

· Up to $57k for Open Robotics outside services to complete Task 1.
· $40k (with $80k cap) for Open Robotics outside services to complete Task 2.

