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PROJECT PROPOSAL 2020

MULTI-VEHICLE SIMULATION

ENVIRONMENT

Photo: Kip Evens
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MULTI-VEHICLE APPLICATIONS AT MBARI

28 March | 29 March | 30 March | 31 March 2018

Temperature (°C) Chlorophyll (1:9/L)
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Animation: John Ryan, MBARI
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Tank test

wet testing e.g., AC

Concept
P comms, SW rotations

development
|

Field test
. et testing at sea
Hardware Dry testin lab _Wcombilni?mg all
E/M integration HW/SW elements

Integration

Yay!
Use case

|
Software

Develop drivers

behavior / mission |

Test In sw sim

debug behavior/
mission in simulation

LRAUV software development pipeline

Photo: Kip Evens



CHALLENGES

HOW TO SCALE?

How to develop?

Can we scale up the
existing development
path for new multi-
platform applications?
How can we deliver
more?

How to compare?

How can we test and
compare new multi-
vehicle applications? Is
one method better than
the other?

How much to scale?

How will scaling up our
presence impact the
quality of observations?
What is the point of
diminishing return?




GOALS

IMPROVE AUTONOMOUS MULTI-PLATFORM CAPABILITIES AT MBARI

by using reproducible virtual environments

Create validation tools to enable rapid prototyping and testing of new
— X multi-platform applications in reproducible virtual environments

55 Formalize a design workflow to make development more accessible to
| MBARI researchers requiring advanced methods of ocean observation (e.g.,
Pl labs developing back-seat applications for LRAUV)

/1 Formulate guiding principles for scaling multi-vehicle operations to
inform planning and decision making



VIRTUAL ENVIRONMENT DEVELOPMENT

What would we need from a virtual environment?

Physical fidelity

simulation of rigid-

body dynamics and
collisions

SW interface

interface for existing
MBARI applications

Multi-robot sim
capability of multi-
robot simulation

GUI

graphical user
interface to visualize
the scenario

i)

Physics engine
world simulation of
environmental forcers
and sensors

Extendibility
easy integration of
additional modules



OPEN SOURCE DEVELOPMENT OPTIONS

Scoping study to assess the technical readiness of existing open-source
software for multi-vehicle underwater simulation

ROS/Gazebo middleware interface with a GUI

:::ROS

GAZEBO



World Insert  Layers W, 4. o l;j | @ - ™ -~ | . ‘ . I 0 .' .4/ | (= E% | |=‘ n | j,

GuUI

Scene 9
Spherical Coordinates
L s EU-funded project SWARMs (Smart and Networking Underwater Robots in Cooperation Meshes)
P ned
ocean_link
P terrain_acciona
P wind_turbine
» wind_turbine_biofouling
P constant_flow_frame
P Lights

Property Value
name ocean

is_static B True
self_collide B8 Faise

P pose

P link ocean::ocean_link

—

-

UUV Simulator: https://-gj‘thii X

Manhaes, Musa Morena Marcus:

intervention and multi-robo

——
- -

" »|| Steps: 1y Real Time Factor: Sim Time: Real Time: Iterations: - Reset Time
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Use cases and Define mterfaces 96 mo
requirements and scope
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Accessible software
development

provide an effective development
avenue for MBARI researchers
requiring advanced methods for
ocean observation

Reproducible test
environments

inform guiding principles for MV
app. open the option for iterative
learning approaches for
automated planning and
command and control

Open source tools and
community

reuse of existing tools presents an
opportunity to network and
collaborate with researchers that
are part of the open source
community



QUESTIONS

Photo: Kip Evens



USE CASE: PATCH TRACKING

Todd Walch



" Interact | "3 Move Camera [_JSelect < FocusCamera = Measure . 2D Pose Estimate . 2DNavGoal @ PublishPoint b =y
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Current velocity [m/s]
u: -0.23
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Yu Tian and Aiqun Zhang, "Simulation environment and guidance system for AUV tracing chemical plume in

3-dimensions," 2010 2nd International Asia Conference on Informatics in Control, Automation and Robotics

(CAR 2010), Mar. 2010.
Plume simulator: https://github.com/uuvsimulator/uuv_plume_simulator
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https://youtu.be/BQcr7qK6B1c?t=762

