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MULTI-VEHICLE APPLICATIONS AT MBARI                                                               
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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  



Sentinel vehicle with a second 
computer (backseat) onboard 
running Monique’s plankton 
proxies algorithm 
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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)

In ter-vehic le acoust ic 
tracking to support station-
keeping/localization using 
range/bearing



MAIN LRAUV APPLICATION

BACKSEAT APPLICATION

NETWORK INTERFACE 
TETHYS LCM* API

`

                            LRAUV BACKSEAT

Photo: Kip Evens
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Advanced algorithms, machine-
learning, high-rate sensors, etc. 
Language agnostic. 

*Lightweight Communications and Marshaling

Processor agnostic (e.g., high 
performance edge computers) 

Vehicle control, safety envelopes, 
sensor data, shore comms 

Low power, reliable

Hardware Software

LRAUV MAIN COMPUTERSIMULATION HOST

BACKSEAT COMPUTER

COMMANDS Depth, waypoints, etc.DATA



HOW TO SCALE?

CHALLENGES

How to export? 

How can we make the 
LRAUV software more 
extensible? How do we 
o p t i m i z e o u r 
development efforts to 
support technology 
transfer?

How to develop? 

How can we scale up 
development for new 
mult i -vehicle  and 
backseat applications? 
How can we increase 
r e l i a b i l i t y a n d 
performance in the 
field?

How to scale? 

How can we scale multi-
vehicle operations at 
MBARI? How to go from 
L R A U V p a i r t o a 
collaborative fleet?  

Photo: Elisha Wood-Charlson
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GOALS

IMPROVE MULTI-LRAUV CAPABILITIES AT MBARI
using an open-source simulation platform

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.

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

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

Robot Operating System (ROS) is an open-source collection of software 
libraries and tools for collaborative robotics and simulation 
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“For much of the robotics community, the open-source Gazebo robot simulator has 
emerged as the de facto standard environment for prototyping and testing robotic 

systems.”, Brian Bingham, Naval Postgraduate School



GAZEBO MULTI-LRAUV SIM

Physics engine 
simulation of rigid-
body dynamics and 

collisions

Extensible 
easy integration of 
additional modules 

and familiar interface 

Environment 
simulation  of 

environmental forcers 
and sensors

SW interface 
common interface that  

can be extended to 
any application

GUI 
graphical user 

interface to visualize 
the scenario and data
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Multi-robot sim 
capable of multi-robot 

simulation



TEXT

UUV Simulator: https://github.com/uuvsimulator/uuv_simulator 
Manhaes, Musa Morena Marcusso, et al. "UUV simulator: A gazebo-based package for underwater 
intervention and multi-robot simulation." OCEANS 2016 MTS/IEEE Monterey. IEEE, 2016.

EU-funded project SWARMs (Smart and Networking Underwater Robots in Cooperation Meshes) 
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PROJECT TIMELINE / DELIVERABLES

Gazebo vehicle 
model for LRAUV

Gazebo world 
model for MB

Integrate Gazebo/ROS with 
LRAUV application and 

TethysDash web interface

Release open-source 
package and 

documentation
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CONCLUSION

Multi-LRAUV  simulator 

d e v e l o p m u l t i - v e h i c l e a n d 
backseat applications against a 
simulation and port to the vehicle 
for execution; improve access to 
L R A U V a n d o v e r a l l u s e r 
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 
s u p p o r t r e u s e o f e x i s t i n g 
resources that are available in the 
community 
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MULTI-LRAUV SIMULATION ENVIRONMENT                                                                     QUESTIONS

Photo: Todd Walsh
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MULTI-VEHICLE APPLICATIONS AT MBARI                                                                BACKUP SLIDES

Photo: Schmidt Ocean Institute
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LRAUV software development pipeline

                             MULTI-VEHICLE APPLICATIONS AT MBARI

Concept  
development

Hardware 
E/M integration 

Software 
Develop drivers  

behavior / mission

Test in sw sim 
debug behavior / 

mission in simulation

Dry test in lab 
HW/SW 

integration

Tank test 
wet testing e.g., AC 

comms, SW rotations

Field test 
wet testing at sea 

combining all 
elements 

Photo: Kip Evens

Use case
Yay!
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USE CASE: PATCH TRACKING

Todd Walch
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TEXT

Plume simulator: https://github.com/uuvsimulator/uuv_plume_simulator

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

