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PROJECT PROPOSAL

MULTI-LRAUV SIMULATION

ENVIRONMENT

Photo: Kip Evens
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MULTI-VEHICLE APPLICATIONS AT MBARI

0 | , | | , Ephogram of seapedTmopntqd eqhoqounder,fromS..punq 21 |13tp5.,lunq> 05;40 (,PDT) | | | | |

‘ i‘ ! ‘ 24 s R | j ‘ : .','i" ' A '\
I ' Il ' : " , ' i S '
” W" [l W ‘ \ ‘ * | | Ma«;*‘%wmt’w e

* " > ‘

50 —

200 —

250 —

Vi T ’ ;
g y
" 'Il ] .-
: » M
: W . ) .
4 5. -
e i\
: J "‘I. LV '
e L \
‘ ".'1
. 1
ah Y L R
a) v U u“

| . ‘ Vi Ty i3 ' \ :
! ' : 1 J \ . . AOAY iy . mw . £ :
Y { 1 [ ‘ Y ; v Rl R O TR T8 7 YL SO I AR ) 40 I o ! ¥y X} ay ‘
) | y ) LI o \ LTy DR e AL Y 1 4T L . 3 N, 1 J] . P ! ‘l s X '
] (1 (AL ( o vy ) o 7 e natt) .,.vr' g, L BRRAA WY oh RIS Ty \ %" Vo s PRAL P W |

u | AR el ¢ DR S, W . P A T 4 ' % YEER. e ! ‘ i 't W 5, ] Yy f
Aj | ’ ¥ ¢ L% Y L .'...‘l‘ %Ny ‘b erl : q Tan U ' R . M 4y w0 | ¢ | ' v .
300 — ! alt I T e T T e TR N U U Lo SYRRIY s ST A e * T R P i toe LN LRI LRIEL A e ¥ "‘ 1 l.'ﬂ ‘ f[ "

e

22:00 00:00 02:00 04:.00 06:00 0800 10:.00 12:00 14:00 16:00 18:00 20:00 22:00 00:00 02:00 04:00
4 June Local time (PDT) > June

Figure: Zhang et al. 2020, Persistent Sampling of Vertically Migrating Biological Layers by an Autonomous Underwater Vehicle
Within the Beam of a Seabed-Mounted Echosounder, IEEE JOURNAL OF OCEANIC ENGINEERING
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Sentinel vehicle with a second
computer (backseat) onboard
running Monique’s plankton

. . roxies algorithm
Inter-vehicle acoustic P 19

tracking to support station- :
keeping/localization using - R SETETRRRRY - - - - - - - - - -
range/bearing

Figure: Zhang et al. 2020, Lagrangian Studies of Microbial Communities in an Open-Ocean Deep Chlorophyll Maximum Using an
Autonomous Robotic Fleet, Science Robotics (submitted)



LRAUV BACKSEAT 5

Processor agnostic (e.g., high
BACKSEAT COMPUTER perfo:rmance edge computers)
a R Advanced algorithms, machine-
BACKSEAT APPLICATION learning, high-rate sensors, etc.
Language agnostic.
W
NETWORK INTERFACE COMIMANDS - Depth waypoints, ot
_J
™
MAIN LRAUV APPLICATION Vehicle control, safety envelopes,

sensor data, shore comms

SIMULATION HOST LRAUV MAIN COMPUTER Low power, reliable

Software

*Lightweight Communications and Marshaling

Photo: Kip Evens



CHALLENGES

HOW TO SCALE?

How to scale?

How can we scale multi-
vehicle operations at
MBARI? How to go from

LRAUV pair to a
collaborative fleet?

How to develop?

How can we scale up
development for new
multi-vehicle and
backseat applications?
How can we increase
reliability and
performance in the
field?

How to export?

How can we make the
LRAUV software more
extensible? How do we
optimize our
development efforts to
support technology
transfer?

Photo: Elisha Wood-Charlson



GOALS

IMPROVE MULTI-LRAUV CAPABILITIES AT MBARI

using an open-source simulation platform

Create a multi-LRAUV simulation tool that allows researchers to
independently iterate and validate multi-vehicle algorithms and
backseat apps in a visualized environment.

Extend LRAUV's software interfaces to allow for compatibility with an
entire community of developers and the industry standard for robotics
control and simulation.

Contribute to the open source robotics community to encourage
cross-pollination and make development more accessible to MBARI
researchers and collaborators seeking advanced methods of ocean
observation.



OPEN SOURCE DEVELOPMENT OPTIONS 8

Robot Operating System (ROS) is an open-source collection of software
libraries and tools for collaborative robotics and simulation

2t ROS (’ro pbotics

"For much of the robotics community, the open-source Gazebo robot simulator has

GAZEBO

emerged as the de facto standard environment for prototyping and testing robotic
systems.”, Brian Bingham, Naval Postgraduate School



GAZEBO MULTI-LRAUV SIM

GUI Multi-robot sim Environment
graphical user capable of multi-robot simulation of
interface to visualize simulation environmental forcers

the scenario and data and sensors

E FoA Z E B : Extensible SW interface Physics engine
o0 o R O S easy integration of common interface that simulation of rigid-
oo
eoo00 additional modules can be extended to body dynamics and

and familiar interface any application collisions
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GuUI

Scene 1 0
Spherical Coordinates
i EU-funded project SWARMSs (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

UUYV Simulator: https: //glthu '

,. _3'

Manhaes, Musa Morena M _")_;;:;
intervention and multi-robo

,Av_"

" »|| Steps: 1y Real Time Factor: Sim Time: Real Time: Iterations: - Reset Time



https://youtu.be/6V_TR9i0k1Q?t=13
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270
https://youtu.be/eoq-Ro2Hnao?t=270

PROJECT TIMELINE / DELIVERABLES

11

(’ Open Release open-source
10, bOtICS Gazebo world package and
model for MB documentation
Gazebo vehicle Integrate Gazebo/ROS with
model for LRAUV LRAUV application and

TethysDash web interface




Multi-LRAUV simulator

develop multi-vehicle and
backseat applications against a
simulation and port to the vehicle
for execution; improve access to
LRAUV and overall user

experience

LRAUV ROS interface

extend LRAUV'’s existing backseat
architecture using interfaces that
are widely adopted in the open-
source robotics world, including in
the AUV community

Open source

use tools and interfaces that
promote technology transfer, and
support reuse of existing
resources that are available in the
community
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Tank test

wet testing e.g., AC

Concept
P comms, SW rotations

development
|

Field test
. wet testing at sea
Hardware Dry test in lab . combiniig 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



USE CASE: PATCH TRACKING

Todd Walch
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Current velocity [m/s]
u: -0.23

V. pbmm—

orth

Down

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

(O Time

ROS Time: | 1113.32 ROS Elapsed: |1104.35 wall Time: | 1529334725.29 wall Elapsed: | 1104.70 Experimental

Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options. 31 fps


https://youtu.be/BQcr7qK6B1c?t=762

