-
I s e Instituto Superior de
Engenharia do Porto

Marine Robotics

Unmanned Autonomous Vehicles in Air Land and Sea

Politecnico Milano — June 2016

N,

Alfredo Martins
INESC TEC / ISEP

Portugal
alfredo.martins@inesctec.pt



L}
I Instituto Superior de
Engenharia do Porto




I Instituto Superior de
Engenharia do Porto

MOOS

Mission Oriented Operating Suite




Developed by P. Newman at MIT for
marine applications

Centralized communications (MOOSDB)
2 repositories (Oxford and MIT)

Several applications for marine missions
(viewers, simulation, mission control,
vehicle control, navigation)

Ready to use in marine applications

With relative large userbase in the marine
robotics community

Object oriented (C++) classes
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MOOS and MOOS IvP

" Oxford: N, MIT . N
.\' MOOS Architacture ) IvP Helm Architectare >
MOOS Applications &7 IvP Helm Behaviors y
2 £ e MO0S Applications /
~ o, W : R
Oxford MOOS tree The moos-ivp tree
* MOOSDB « pNodeReporter ~ * uXMS » uFldMessageHandler » pHeimIvP
- pLogger * UProcessWatch  * uFunctionVis « uFldContactRangeSensor * pMarinePID
» iRemote » uSimCurrent = uTimerScript - uFldBeaconRangeSensor - uSimMarine
* pScheduler * uLogViewHelm « pHostinfo » uFldHazardSensor * pMarineViewer
* pPMOOSBridge « uTermCommand  * geoview * UFldPathCheck » pEchoVar
- uM8 = pBasicContactMgr * nsplug » uFldNodeComms » uLogView
« iMatlab = alogclip * alogrm » uFldNodeBroker » uLogViewl PF
» pAntler » aloggrep « aloghelm » uFldShoreBroker * uHelmScope
e uPlayback - alogscan * alogview = UFldScope * uPokeDB
o ¢ y
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, Basic capability modules.
Infrastructure for Fair game for replacing or improving.
_Module connection | v _Publicly available along with the infrastructure.

i
MOOS-IvP

Core

B
NP

 Infrastructure for
Module coordination |

| Additional capability modules. I
Non-pubfic, perhaps proprietary |
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e MOOS community

— collection of MOQOS applications running on a single machine with
a separate process ID

— Independent processes, possibly running at different frequencies
— Communications through a MOOSDB (publish-subscriber)

~ MOOS Application |

MOOS Application

| MOOS Application MOOS Application
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MOOSDB

Star topology

each MOOS community application with a connection
with a single MOOS Database

No peer to peer communications

All communication instigated by client

Each client (MOOSApp) has a unigue name

A client does not need to know of the existence of others
Network can be distributed over multiple machines
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MOOS design

o Backseat design philosophy

e Separation from vehicle autonomy
(mission oriented) and vehicle control

o~

P

Autonomy System
As 3 Whole
MOQOS
\C (Payload Computer) -_/,/'
Navigation Information T l Heading, Speed, Depth Decisions
' 7 3
Vehicle Navigation and Control System
g (Main Vehicle Computer) )
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MOOS IvP Helm

e single MOOS app running
process pHelmlvP

e |vP — Interval Programming p \
« Behavior based architecture IvP Behavior ) - - -- -~ -~ ----- -
e IvP solver multi-objective

\PBehavior | -

.. . . IvP Function
optimization to find the best
) ) ) ) WP Function
action in each iteration of helm
IwvP Function

e One to four times per second

e Only one subset of behaviors
active in each time

IvP Helm

Information Decision

| MOOSDB |

%
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MOOS Mission

—  OverAllTimeCut{3600)

3 2000
3 280 3 120 3 30
Survey /f” ___\
L | WayPoint(200,400) p| CEnter: [230.450] L | WayPoint(200,400) |— Surface END )
Dimensicn:[200,200]
Rotation[45] _,/

_/' 2 NEVER 3 2000

L AltitudeLimit(7) L ConstantDepth(50)

2 MEVER

L DepthLimit{100)
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MOOS communication architecture

Client A | TCPAP : MOOSDB
| |
| [ :
[ |
User Code : CMOOSCommlient | |
| | I
! 1 I
“Notify() ! 1 Call In i >
! OutBox 2 | Acknowledge
fom] > | [ —
| |
|
|

I

|

I

| | Distribute to

| held mail boxes
I

|

|

I

|

¥ T
eI
v

Comms Thread
Ll

Fetch( )

—-—-- ¥207 aloydewsas

N[

‘-‘i""' InBox

Service Another
Chent
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MOOS comms

o Each application
— Publishes data — issue notification on named data
— Register for notifications on named data (subscription)
— Collect notifications on named data

e User code calls Notify() to transmit data

e User code can retrieve the list of messages at
any time with Fetch()
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MOOS Message content

e Data sent in string or doubles
e Packed in messages — CMOOSMsg class

e String data comma separated “name =
value pairs” - Human readable

Variable Meaning

Name The name of the data

string Value Data in string format

Double Value Numeric double float data

Source Name of client that sent this data to the MDDSDE
Time Time at which the data was written

Data Type Tyvpe of data (STRING or DOUELE)

Message Tyvpe Type of Message (usually NOTIFICATION)

Source Community | The community to which the source process belongs

15 Unmanned Autonomous Vehicles in Air, Land and Sea | Polit. Milano 2016



L]
I ‘ Instituto Superior de °J INESC
Engenharia do Porto AT a0

MOOS CMOOSApp

o CMOOSApp base class for writing new applications
o It calls Iterate() repetitively (user should provide content
e OnNewMail() newly received data

| Y 1 3
| 'J:El :OnStartlp() ‘J:{ ;O0nNewMail () .: s Ttaratef() |
4 | |
| f f !
|
I

Key overidden virtual functions in a derived application |

16 Unmanned Autonomous Vehicles in Air, Land and Sea | Polit. Milano 2016



‘ Instituto Superior de °J INESC
Engenharia do Porto s0cire asararo

Multiple vehicles (uField Toolbox)

“Shoreside” could be:

Instructor’s Shoreside
computer . (Command and Control)

Shoreside

Vehicles

Vehicle | | Vehicle | | Vehicle  Vehicle | Vehicle  Vehicle
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MOOS apps and terminal output

® AppC&Stlng MOOS Application
. g . . . * Incoming Mail - N
— Providing easer to see aplication terminal igt“;ffl”ge",lf}'n il |_MOOSD8
output
. Standard Output
— Optional feature :
Terminal

— Prodies an aditional report published to

MOOSDB MOOS Application
— Ease of viewing multiple applications with s e
one veiewer (AppCast Viewer) ] MOOSS

(serialized)
Standard Output

Terminal

MOOS App

MOOSDB

MOOS App

MOOS A
PP MOQOS Application

AppCast

MOOS App AppCast Viewer
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Multiple vehicles

w” Field Shoreside

1
]
1
MODS App r—tPPot !
1
1

_,ﬂ-"’i;cnl T

MOGE Agp [~ -\é\
1
1

: —
Hmﬂiﬂ'\-\.\_\_\h . _\-\-\-\-l.\_‘_\_\-\--
MO App =0 """""H&?;: 1: >{ MGUSDE ‘

—im  MOCSEE /d_ﬂ.#"f

MOES App —;E.T:__:

P
pp—— -____.-" ] aEl

MOCS Agp ., _” i MOOS Application
(Ao :
MDOS App _____} —— L : _ _
MOOS App Tt " i Appﬂa&t Viewer

AppCasi

BADCE App
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uTimmrIcript
pMarineViever
uFlaShorefroler
u¥ldnodelonms
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MOOS multiple communities

C ity B
Community A ammunty

pMOOSBridge

DB

-
..-".-
L]

Community C
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Mission control and monitoring: pMarineViewer

Flo BackView GeoAtr Vehicles AppCastng MOOS-Scops ClearHistory Mouse-Context Action

VWNama: [zicha X{my[09 Lak {23 825023 spa:[20 Dap{m} [00 'ruu:re 3 RETURN | DERLOY |
VTyee: fayaa Yimg[314 Lon: [-70.320685 Hoge[1740 Agejs):[0.37 wamp: 1 RETURN |
Varabke [RETURN Tm:[4844 Valug z_-m
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pMarineViewer typical use

| Other Apps

MOOSDSB | — |
pMarineViewer (< User
pShare
T nove_eport [ %
Shoreside ... IS, SR
Vehicles (WIFi WIF
\- \\/"/ . .} _“,
=2
OtherApps MOOSDB pHelmIvP | OtherApps MOOSDB pHelmIvP |
l pNodeReporter ] LpNochépor*cr]
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MOOS source tree

Core BasicApps Instruments Utils Thirdparty MOOSUSER
— Common
_ | pHelm : tuﬁvﬁf S |: newmat AppX
— MOOSLib , L 1GPS PP
| [ PNm UMS FLTEVW AppY
— MOOSgenLib — 1Remote — Ocean AppZ
. MOOSBD — MDDSN:Nle !L‘repth
| MOOSTaskLib 1iDVL
| pSCheduler ot
— pMOOSBndge L [and
— pAntler I:LELGV
. pLogger etc..
— Wirtual
L iMatlab
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Marine Robotics Simulation
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Marine robotic systems simulation

e Detailed dynamic simulation
— — CFD, (panel methods) — WAMIT, Ansys, Fluent

e Generic system simulation
— MATLAB/Simulink ( MSS toolbox, other matlab tooboxes)

e Robotics Simulators
— UWSim
— MORSE / Blender
— Gazebo
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Marine Systems Simulator (MSS)

o Matlab/Simulink toolbox developed at NTNU
e Components

MSS GNC guidance, navigation and control library (the most useful component)

MSS HYDRO reads info from potential theory programs generating data for
Matlab simulation (requires ShipX or WAMIT license)

MSS FDI standalone toolbox for identification of radiation-force models and fluid
memory effects (seakeeping theory)

&¥ simulink Library Browser - | X

L= Enter searchterm v |fy |l v+ 9| = @

MSS GNC

“ Control ~
Autopilots
Dynamic Positioning

~ Environment
Current

Control  Environment Examples Guidance
Waves
Wind
Guidance
v Models
v Kinematics
6 DOF transformation
“  Kinetics
Support
Control Surfaces
Environmental Loads
Propulsion
“ MNavigation
Observers
Utilities W

Models  Mavigation  Utilities

www.marinecontrol.org

27 Unmanned Autonomous Vehicles in Air, Land and Sea | Polit. Milano 2016



‘ Instituto Superior de
Engenharia do Porto

° MSS GNC Simulink Library e __...‘:

External d | Nonlinear
— Controllers . |load models damping
— Wave and wind generation ) 'y —
. . _ | L ) t'| Radiation :
— Guidance blocks Wind ;.| Wind load + & model b iCurrent
] o model — Ve i
— Vehicle models and utilities P — =
. . . Waves ; Rigid-bod
— Observers and navigation filters |§g?ﬁqgggl \ eqf]]ations v
! SR motion n  Vessel
Froude-Krylov o motion
and diffraction HS | Restoring
forces Tp forces
—
‘"—I‘_.H.r"l-'llé{ ------------------------------------ :~-:~-:~-:~-: ---------------------- -
forces ...
External I.\.'Ioti on
loads Vessel Sensors |e———l  Vessel
Waves
Wind Filtered &
Current reconstructed
Environment |— Motion signals
Thrust .
—— forces Desired
Thrust thrust
Thruster | SetPOINts | Thrust | Vvector | yessel

allocation

control

— | dynamics

[1] T. Perez et al, “An Overview of Marine Systems Simulator (MSS): A Simulink Toolbox for Marine Control Systems”, Modeling, identification and
Control 27.4, pp 259-275, 2006
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Other toolboxes: Aerospace Blockset

Simulink blockset for aerospace applications (Mathworks)

Provides useful models and block utilities for simulation of
vehicle motion also usable in marine environment

4\ MathWorks:

&™ simulink Library Browser O X
<2 5> |Entersearchterm v | Ay » (Pl v 3| & @
Aerospace Blockset
Simulink ~
v Aerospace Blockset —— =
Actuators E=C = Lot
Aerodynamics
Animation Actuators  Aerodynamics Animation
“ Environment
Atmosphere o dy
Celestial Phenomena Y la ==
Gravity
Wind Environment  Equations Flight
“ Equations of Motion of Motion  Parameters
3DOF
6DOF o =
Point Mass H(s) & !g;z
Flight Parameters
w GNC GNC Mass Pilot Models
Control Properties
Guidance
Navigation N freem
Mass Properties Cﬁ:,m'": pRIVN
Pilot Madels
Propulsion Propulsion Utilities
Utilities v

http://www.mathworks.com/products/aeroblks/
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Other toolboxes:Peter Corke’s Robotics and
Machine Vision Toolboxes

e Robotics toolboxes developed by Prof. Peter Corke
from QUT

e Robotics toolbox
— Coordinate conversion utilities

— Planning and localization tools for mainly for
manipulator and ground vehicles

e Machine vision toolbox
— Useful toolbox in computer vision

— Implements common tools with the standard Matlab
Image Processing Toolbox and also additional
functions

e Useful companion to the book: Robotics, Vision
and Control

http://www.petercorke.com/Toolboxes.html
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Robotic Simulators

e Generic simulators for robotics development
e Sensors and environment simulation

e From high detail in physical dynamic simulations to basic simple kinematic
models

e Some allow hardware in the loop simulation
e Interfaces to common robotics middleware

e Examples
— USARSIM
— Player/Stage
— Webots
— Gazebo
- MORSE
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Simulators for underwa’rer robotics

e Few attention has been dedicated to the underwater or marine
environment

e Marine robotic sensor models such as sonars are in general not
developed

e Some simulators
— Gazebo
— V-REP
— MORSE/Blender
— UWSim
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Gazebo
e 3D simulator @ GAZEBO
o Recent developments from DARPA robotics challenge
e Linux environment gazebosim.org

e Modular architecture Google protobufs for
communications between modules)

e 3D simulation with OGRE3D
e Simulator independent from visualization

o Simulation description in a definition file: SDF (Simulation
Definition File)
— robots
— environment
o Multiple interfaces
— plugins (C++ code making the interface and shared linking)
— ROS (plugins ROS)
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Gazebo

Gazebo Dependency Graph [, emalapi

8 External API
master
e gazebo server - E)I;T_:gtryuable

— communication —
| physics sim | sensor gen client gui

management
— controls physics 2 I
simulation loop Plugins Plugins
— generates sensor ~ sensors
readings physi "/ rendenng GUI‘

e (gazebo client
— user graphic m m

interface

3rd Party

Libraries [ ODE | Bullet |[OPCODE || RAPID | [boost::asio| protobuf | OGRE || QT |
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Morse

e 3D Simulation of indoor and outdoor environments;
e Provides several robots, sensors and actuators;

e Support different middlewares used in robotics
(ROS, Sockets, MOOS and YARP);

e The rendering is based on Blender Game Engine;

o Realistic gathered data is possible through addition
of gaussian noise to sensors outputs

e Licensed under a permissive BSD license;
o Considerable community

e Good documentation - tutorials, code examples,
reusable snippets, etc.
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UWSim

e Underwater simulator developed by IRS Lab of Jaume-I University, Madrid
e Developed under the RAUVI and TRIDENT projects

e Uses OSG (Open Scene Graph)

e Simulates underwater environments
o Configurable environment

e Multiple robot

e Underwater manipulators

e Common underwater sensors
— Camera
— Pressure
- DVL
- GPS
—  Multibeam sonar
—  Structured light projector

e ROS interface

http://ww.irs.uji.es/uwsim/
http://Mmww.irs.uji.es/uwsim/wiki/
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Architecture

Interfaces
(rosswane)

A
ROSPublisher ¢
ROSTOPAT
4 A\l

C O re UWSimScene

[~

VehicleDynamics

URDFRobot SimulatedIAUV

-'Customwu:iget ’q———{ HUDCamera '
.

/

UWSim architecture, from [1]

[1] M. Prats, et al, “An open source tool for simulation and supervision of underwater intervention missions”, IEEE IROS Conference, 2012
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UWSim
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Interacting with UWSIM

® Start a roscore

- >> roscore

® Start UWSIm
— >> rosSrun uwsim uwsim

X W uwsim Yo

You should get something like this
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Interacting with UWSIM

® Check the list of ROS topics available

- >> rostopic list

® Set a new Vehicle Position (x=2, y=0, z=3, roll, pitch, yaw=0)
— >> rosrun uwsim setVehiclePosition /dataNavigator 2 0 3 0 O

O X Uwsim Yo

You should get something like this
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Task | — Simulation Vehicle Dynamics

® Start a roslaunch
- >> cd /catkin ws
— >> source setup.bash
— >> roslaunch underwater vehicle dynamics

UWSim g500 dynamics.launch

® Use the control by keyboard

Use the keys to control:
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Task 1I- ROS interface

o Step 1. Compile a ROS node to send reference
commands to G500 thrusters

o Step 2. Implement guidance controllers for the vehicle
(ex. Similar to the ones previously tested in
Matlab/Simulink)
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