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Main goal and milestone #1 tasks
Develop a multi-LRAUV simulation environment

Basic 3D LRAUYV vehicle model
Basic water column environment

Vehicle plugins
APl and LRAUV software stack integration
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Basic 3D LRAUV vehicle model

e Based on the MBARI Tethys CAD file -> Simplified mesh
e Create SDF file describing the kinematics and dynamics
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Basic 3D LRAUV vehicle model

e Split the original mesh: main vehicle, horizonals fin, vertical fin and propeller
e Associate a mesh and texture to each link
e Modified tail cone version
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Basic 3D LRAUV vehicle model

e Tethys is available at Fuel
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https://app.ignitionrobotics.org

Basic water column environment &

Environment without buoyancy

Gazebo

Gazebo
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Basic water column environment e«

Buoyancy plugin
Set fluid density (1000 kg/m?)
Set density of the object placed in the water

=~ Volume of the object

=  Gazebo

= Object collision mesh
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Thruster

Vehicle plugins -
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Venhicle plugins - Rudder / Elevator
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Vehicle plugins -
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Vehicle plugins - Hydrodynamics

“"Buoyancy
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Vehicle plugins - TethysComm

. —State—>
—Next command>» TethysComm \ﬁ """"""""""

Thrust ‘?‘\
Elevator }\‘x ............

Hydrodynamics \ﬁ
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Simulation API 1. Command ->

Message passing interface n

2. <- Stat
Propeller, rudder, elevator Hroatas

Command message Transport “ Transport “
State message ® >

Plugins \“.
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LRAUV integration

e |gnition time is published every
simulation iteration - “heartbeat”

e SimDaemon: ExternalSim
Ignition: ExternalSimIgnition

e One control iteration:

open
robotics

Wait for control loop to
elapse, 400 ms in sim time

Set LRAUV clock to
latest Ignition time

Command

A

Wait for state '

State

(not shown: once per plugin iteration)

Write state to
Slate
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Integrated S|mulat|on in real time

dit Vie Terminal
mkonwlaxzndmm mmg] Terminal x developer@06112518b9F2: ~ x a -~

maintain control HorizontalControl.rudderAngleAction -0.2 radian
maintain control SpeedControl.propOmegaAction 300 rpm
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https://docs.google.com/file/d/15LstMbAFWpvhIcvOWaqsKom2PBA-16gO/preview

Faster-than-real-time Ignition performance

e Setin Ignition or SDF Real Time Factor vs. Step Size
o Real time factor: 0 (AFAP) —&— stationary vehicle
o  Step size (duration per iteration) —&~ circling vehicle

e No change in LRAUV setup from RTF 1 200 -
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100 times faster than real time, Ignition only

=  LRAUV simulator

Set in SDF:
RTF: 0 (AFAP)
Step: 0.02 ms

... or, not so fast,
look out?
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https://docs.google.com/file/d/1G7nA1eYOn7n8H3aQY-EPP7XXN-ya2eJX/preview
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100 times faster than real time, integrated
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https://docs.google.com/file/d/1OSSqmxzqYzjhgaoft609QilDzJbjTMjD/preview

A 1500-second run with various step sizes

Time Step Synchronization between Ignition and LRAUV
At startup|(1 ms step size)| Pause Ignition at 10 s, resume

5 Time step test —— EpochSeconds ——— ExternalSimlgnition.timelgnSim
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Thanks!
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Time Synchronization between Ignition and LRAUV

At startup
0.5 | | I I | | I | I | I_ EpochSeconds —— ExternalSimlgnition.timelgnSim
0.0 1 II [ I I [ I I i I I I I I I I I | I I I I [ I I I
OfO Oj4 Oj8 1.'2 1.l6 2?0 2?4 2.'8 3f2 3j6 4j0 4?4 4?8 5j2 5j6 6.10 6j4 6j8 7;2 7.16 8.'0 8?4 8?8 9:2 9:6
Changes in time steps (At 50 s, from 1x to 6x RTF. At 100 s, step size from 1 to 10 ms)
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