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@ Dynamics
¥ Simulation

Access multiple high-performance
physics engines including ODE,
Bullet, Simbody, and DART.

Robot
Models
Many robots are provided including
PR2, Pioneer2 DX, iRobot Create,

and TurtleBot. Or build your own
using SOF.

Why-Robot simulation made easy

Features

O Advanced
3D Graphics

Utilizing OGRE, Gazebo provides

realistic rendering of environments

including high-quality lighting,
shadows, and textures.

= TCP/IP
Transport

Run simulation on remote servers,
and interface to Gazebo through
socket-based message passing
using Google Protobufs.

Sensors and
Noise

Generate sensor data, optionally
with noise, from laser range finders,
2D/3D cameras, Kinect style
sensors, contact sensors, force-
torque, and more.

Use CloudSim to run Gazebo on
Amazon, Softlayer, or your own
OpenStack instance.

t Plugins

Develop custom plugins for robot,
sensor, and environmental control.
Plugins provide direct access to
Gazebo's API.

> Command
Line Tools
Extensive command line tools

facilitate simulation introspection
and control.
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Why-Robot simulation made easy

et ﬁ’%"‘%’\

Steps: 1 Real Time Factor: Real Time: Iterations:




What-gazebo overview

S5 GAZEBO

DARPA Robotics Challenge

(’ Open Source Robotics Foundation

gazebo overview : https://www.youtube.com/watch?v=SK5GuC1jgg8
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https://www.youtube.com/watch?v=SK5GuC1jgg8
video/gazebo overview.mp4

What-Architecture

> gzserver
-+ FERREREUE
- BEFIES
- ALLUETTERIR

> gzclient
- BEFQTHIAFRME
- EHlRERHE
- AEMEITZ N AVSRE

Architecture Physics Update
Q,@
—a

server Run Loop

Plugins and <;:| Sensor Data
IPC Update Generation
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What-kr4sid{k

Gazebo 1.9 2013-07-24 EOL 2015-07-27
Gazebo 2.2 2013-11-07 Ubuntu PQ,R,S J EOL 2016-01-25
Ver2.2
Gazebo 3.0 2014-04-11 Ubuntu PRS,T J EOL 2015-07-27
Gazebo 4.0 2014-07-28 Ubuntu PS,T § EOL 2016-01-25
Gazebo 5.0 201501-26 [ Ubuntu TUV J EOL 2017-01-25
Ver5.0 Gazebo 6.0 20150727 [ Ubuntu TUV J EOL 2017-01-25
Gazebo 7.1 2016-01-25 [ Ubuntu TVW J EOL 2021-01-25
Gazebo 8.0 2017-01-25 Ubuntu XY § EOL 2019-01-25
Gazebo 9.0 2018-01-25 EOL 2023-01-25
Ver7.0
Gazebo 10.0 2019-01-24 EOL 2021-01-24
Gazebo 11.0 2020-01-20 EOL 2025-01-29
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What-5ROSHJEL]

> gazebo_ros - FERFgazebo & cAzEBO + i1 ROS e ey e
]:%D i j'% gazebo Hﬁ %ﬁﬁu'% ﬂ] P )il ﬁ#-'ﬁ Meta Package: gazebo _ros_pkgs 3::'::?. fn:;:mn Topics
~ [ y : s i el

gazebo_msgs ~fset_model_state
HIEE0. URDFIEBIA RS,

Gazebo Published Parameters

Msg and Stv data structures for
luse_sim_time

interacting with Gazebo from ROS.

urdfdom Gazebo Published Topics
* | Idock
1 ~Mink_states
»gazebo_msgs - Z gazebo i sguehairos | | gizotio pluging e s
Gazebo Services

w This package wraps gzserver and Sensory ~/spawn_urdf_modet
MsgFISrvEHELEA., sty uing o Catovopuons | | $EG 2 o

~/delete_model
intertace for messages, sarvices and gazebo_ros_laser
dynamic reconfigure gazebo_ros_f3d State and properties getters
° ROS node name: ggg'ﬁ'm&";:a
» gazebo_plugins - FBFgazebo gazebo gazebo o5 oper knec Stat and propertes seers
::.zg:o’:ros api_plugin Gz evo_1osbiock faer Simulati trol
> =y 5 A~ ebo_ros_gpu_laser raton con
HiEE PR R R S 8 B g g
= ° Usage: ::;z r0s_joint_trajectory :fe’::cﬁi%s;yﬁf
rosrun gazebo_ros gazebo gazebo_ros_dilkdrive ~ireset_world
b H I 5 gﬂ g:x::z gm ggjxjgmmn Force control
> gazebo_ros_api_plugin %1 e | e oo
L e e .
camera_synchronizer = 2 £
gazebo_ros_path_pluginiXp e
L N + ){ Proviges ROS package paths to Gazebo
M GazeboRIfE4SCIE F1%,
ROS packages ] [ Gazebo Plugin
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How-Z3%

> K
NERIRBEMINZ ST RESERAIR0S , AT BEZEBNTIX—E , BN , iB(F

AN R apSHITERE
sudo apt-get install ros-indigo-gazebo-ros-pkgs ros-indigo-gazebo-ros-control

> i RE]
roscore

rosrun gazebo ros gazebo

> launch|3T]]
roslaunch gazebo ros empty_world.launch
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How-empty world.launch

<launch=

<!-- these are the arguments you can pass this launch file, for example paused:=true --=

<arg name="paused" default="false"/>

<arg name="use_sim_time" default="true"/=

<arg name="extra_gazebo_args" default=""/>

<arg name="gui" default="true"/>

<arg name="headless" default="false" />

<arg name="debug" default="false"/>

<arg name="physics" default="ode" />

<arg name="verbose" default="false"/=>

<arg name="world _name" default="worlds/empty.world" /> <!-- Note: the world_name is with respect to GAZEBO_RESOURCE_PATH environmental variable --=

<!-- set use_sim_time flag --=>
=group if="S%(arg use_sim_time)">
<param name="/fuse_sim_time" value="true" /[=>

</group>

<!-- set command arguments -->

<arg unless="%(arg paused)" name="command_argl"” wvalue=""/>

<arg if="%(arg paused)" name="command_argl" walue="-u"/=
<arg unless="%(arg headless)" name="command_arg2" wvalue=""/=>
<arg if="%(arg headless)" name="command_arg2" value="-r"/>
<arg unless="S%(arg verbose)" name="command_arg3" value=""/>

<arg if="%(arg verbose)" name="command_arg3" value="--verbose" />
<arg unless="%(arg debug)" name="script_type" value="gzserver"/=>
<arg if="%(arg debug)" name="script_type" value="debug"/>
<!-- start gazebo server--=

<node name="gazebo" pkg="gazebo_ros" type="$(arg script_type)" respawn="false" output="screen"
args="S(arg command_argl) $(arg command_arg2) $(arg command _arg3) -e S(arg physics) $(arg extra_gazebo_args) $(arg world name)" />

<!-- start gazebo client --=>
<group if="&(arg gui)"=

<node name="gazebo_gui" pkg="gazebo_ros" type="gzclient" respawn="false" output="screen"/=>
</group=

<flaunch=>



How-=%#{

<!-- these are the arguments you can pass this launch file, for example paused:=true --=
<arg name="paused" default="false" /=

<arg name="use_sim_time" default="true"/=

<arg name="extra_gazebo_args" default=""/>

<arg name="gul" default="true" />

<arg name="headless" default="false" /=

<arg name="debug" default="false"/=>

<arg name="physics" default="ode" />

<arg name="verbose" default="false" />

» paused - L IEEIRSBnhGazebo , BRI\ false,

» use_sim_time - RoSfnode 2 {FEFEGazeboi@id /clock topick FpHYBERYE , BRIAAtrue.
> gui - [BfGazebof AP EIZOSKISHIME , B\ Strue,

> headless - ZR{AEIERELIIINEE , Hgui=trueld , FREERELLSE , FiAHfalse,

» debug - TEgdbfEngzserver(Gazebo Server) BT , BAIA S false.
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How-world model

<arg name="world name" default="worlds/empty.world"/> <!-- Note: the world name is with respect to GAZEBO RESOURCE_PATH environmental variable --=

> world_namel Af8¥ iEiEE T worldi=EIHIENX. i empty.world x
it , 48733542 A GAZEBO_RESOURCE_PATH ~ |<?xnl version="1.0" 2>
<sdf version="1.4"=>
XMINEZERTE. %ﬁk?ﬂ/usr/Share/gazebo- <world name="default">
o . <!-- A global light source --=>
x.X , XFindigohR A1z /9 /usr/share/gazebo- <include>
<uri>model://sun</uri=
2.2 </include=
<!-- A ground plane --=
<include>
> i%}éikﬂﬂlﬂﬁﬂ%i,mlﬁﬁ%&%~/.gazebo/mode|s {;:EEESSEI:ngnund_plane:juru
<fworld=
</sdf>|

R AHEERITRING, | ERATSRE M TR E R AT,
: https://bitbucket.org/osrf/gazebo_models/downloads/
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https://bitbucket.org/osrf/gazebo_models/downloads/

How-world model

ground_plane

™ Home .gazebo models ground_plane

Places
® Recent / / /
™ Home model.config model.sdf model-1_2.sdf
[ Desktop
~» Downloads / /
W Trash model-1_3.sdf model-1_4.sdFf

» Gazebo - fEFHSDF ( Simulation Description Format ) {AEHEIAMEIUE A EIMEFIREEY,

» ROS - {s5FHURDF ( Universal Robotic Description Format ) B 1128 AFRIAIETUREN 28
ARE , BN EN IS EAGeE AT Gazebo , FRAFEINLIRERR |, RWIDATFEA
hEENXRIIRE.
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How-gl;E2{h EIHIS

Gazebo

World Insert

Box target (red)
Breakable Test
Brick Box 3x1x3
Cabinet
Cafe
Cafe table
Calibration Plane
Camera
Car Wheel
Cardboard box

art: front steering

rigid suspension

Cart: soft suspension
Cessna C-172
Checkerboard Plane
Cinder Block
Cinder Block 2
Cinder block wide
Cloverleaf Interchange
Coke Can
Construction Barrel
Construction Cone
Control Console
Cordless Drill

Robot Create
Cricket ball
Cross Joink Part
Cube 20k
Demo Joint Types
Depth Camera
Disk Part
Door handle
Double pendulum with b..
DRC Practice: 2x4 Lumber
DRC Practice: 2x6 Lumber

C Prac - 4%4%20 ] ] ]
:JE{E - a_F = —lx e || Steps: 1, Real Time Factor: sim Time: Real Time: terations:

BN RRE —
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How-gl;E2{h EIHIS

Gazebo

World Insert \,_},OCj‘-.. |. o: f/‘.
/home/hcx/.gazebo/models

Apollo15 Landing Site H...
Arm Part
Arrow (red)
Asphalt Plane
Asus Xtion Pro Depth Ca...
Ball Bearing
Beer
Bookshelf
Bowl
Box target (green)
Box target (red)
Breakable Test
Brick Box 3x1x3
Cabinet
Cafe
Cafe table
Calibration Plane
Camera
Car Wheel
Cardboard box
Cart: front steering
Cart: rigid suspension
Cart: soft suspension
Cessna C-172
Checkerboard Plane
Cinder Block
Cinder Block 2
Cinder block wide
Cloverleaf Interchange
Coke Can
Construction Barrel
Construction Cone
Control Console
Cordless Drill

iRobot Create 1]

Steps: 1, Real Time Factor: Sim Time: Real Time: Iterations:

HiZannipREEE




How-glIiZ2{p RIS

Gazebo
Building Editor

Model: BuildingDefaultName

' Wlelal TYIELSAL

{fFBuilding Editor vome €5
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Gazebo

Building Editor

Model: BuildingDefaultName

{fFBuilding Editor _—
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> WIS
v EE— <link>HiF0<inertia>iRes,
v [EURDF3Z{4PRTjointifFii<transmission>HReEs
v’ [AJURDFIZ{4Hi780ros_controlf(t , FRASIIHEMFE{FRY controllerfit & 314

> A% TR
v BB <link>AiRIN<gazebo>17&, 1GINREIEFEHER K Gazebof& T\, ; st {4EE K dae X
4, IRISHHFHNEIRIER | S IMERESEA
v EE—<joint>AiRl<gazebo>tRiE., WEIEHAIBEMNNRLEL ; iR TS =HiE
v TE<robot>tr&s iz <gazebo>
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How-1=84(ZeX

<!-- Macro for inertia matrix -->
<Xacro:macro name="sphere inertial matrix" params="m r">
<inertial>

<mass value="§${m}" />
<inertia 1xx="§{2*m*r*r/5}" 1ixy="0" 1ixz="0"
1yy="§{2%*m*r*r/5}" iyz="Q"
lzz="§{2%*m*r*r/5}" />
</inertial>
</Xacro:macro>

<xacro:macro name="cylinder inertial matrix" params="m r h">

<inertial> :ﬁu . - —
<mass value="${m}" /> I u<| nert|a>l\§
<inertia ixx="§{m¥ (3*r*r+h*h)/12}" ixy = "0" ixz = "Q"

1yy="§{m* (3*r*r+h*h) /12}" 1yz = "Q"
izz="§{m*r*r/2}" />
</inertial>
</Xacro:macro>

<¥acro:macro name="box inertial matrix" params="m w h 4d">
<inertial>
<mass value="§{m}" />
<linertia 1xx="§{m* (h*h+d*d) /12}" ixy = "Q" 1xz = "Q"
1yy="§ {m* (wxw+d*d) /12}" iyz = "Q"
1zz="§{m* (w*w+h*h) /12}" />

</inertial> - @

</Xacro:macro>
Algalaxy



How-1&8UEZpX

<!-— Transmission 15 important to link the joints and the controller -->
<transmission name="whee1_${1r}_joint_trans"}
<type>transmission interface/SimpleTransmission</type>
<joint name="basg_tq_wheel_${1r}_joint"}
<hardwareInterface>VelocityJointInterface</hardwareInterface>
</jolint>
<actuator name="whee1_${1r}_joint_mntor"}
<hardwareInterface>VelocityJointInterface</hardwareInterface>
<mechanicalReduction>l</mechanicalReduction>
</actuator>
</transmission>

Fwil<transmission>FREE

—
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How-ros control

:2:ROS Control

Data flow of controllers

list_controllers

Controller Manager

load controller : Loads, unloads and calls
uriua:l_omtrnller-._ updates to controllers
switch Dmtruller-_

Controller 1 ,,f‘

Controller 2

Controller 3

Optional Hardware
Components Embedded

Dereez Calman
Updated Jun 24, 2013

Controller

e.g. joint_position_controller
Dynarmically allocated from loaded controlier plugin.

eg.PID
Controller

DO

%\\\k\\\\\\\

§ Jﬁi“m

eq0. 0.
R x\mmh\m\\\\\\\m\\\% g N R

Robot Commands Robot States
e.g. joint efforts - N.m joint states - radians

: J-_ -

write() read()
Actuator Efforts Communicaiion Bus l Mechanism Et_ales
€.g. current eg. Ethercat, 2. encoder ficks
Serial, USB
Real Robot y
Embedded Controllers
e.g. PID loop to follow
effort setpoint
Actuators Encoders
Servos, eic Sensors on the real
robot

» ros_control
v R
v e
v EHRRETE
v’ Transmissions

v I TER



How-ros control

@GAZEBO + 22+ ROS + ros_control

Simulation Gazebo Hardware Reality
Simulator Input’Output

Encoders Actuators
URDF . . . Sensors on the real robot Servos, ec
<transmission= readSim() write 5im() ‘
+ Embedded Controllers
Gaze Joint Stateg e.g. PID loop to follow effort
gazehu:‘;s:!;!;h!:l (encoder ticky setpoint
Loads RobotHW .
interfaces via pluginiib read HW() writeHW() Jnint Efforts
(Nm)
Forward State Joint Limits
Transmissions Enforce limits (optional
Account for special -
mechanisms
Effort Transmissions
Account for special
mechanisms

X \ R R
Hardware Resource Interface Layer \ Joint State Interface Joint Command Interfaces

e.g. JointStateInterface e.g. EfforJointinterface iy
AN SRS AN
Joint States \% Joint Efforts
(radians) [Nm)

Controller Manpager - update()
list_controllers Loads, unloads ancdpealls updates to control

load controller - 1
- Controller:
unload cantrallerh_ joint_state_publisher PID Loops
switch_controller - Publishes /joint_states topic
for robot_publisher Controller:

e.q. jeint_trajectory_controller

Send a trajectory from Movelt! etc /A
Dave Coleman J= RS Cy
Updated Jul 30, 2013
Algalaxy




URDF3{%

controllerBg &2 344

lanuch 3 {4

<!-- ros control plugin -->

<gazebo>
<plugin name="gazebo ros control" filename="libgazebo ros control.so">

<robotNamespace>/</robotNamespace>
<robotsSimType>gazebo ros control/DefaultRobotHWSim</robotsSimType>
</plugin:>
</gazebo>

litebot controller:
type: "diff drive controller/DiffDriveController”
left wheel: "base to wheel left joint"
right wheel: "base to wheel right joint™
wheel separation: 0.2
wheel radius: 0.04
publish rate: 50.0 # defaults to 50
pose_ covariance diagonal: [0.001, 0.001, 1000000.0, 1000000.0, 1000000.0, 1000.0]

twist covariance diagonal: [0.001, 0.001, 1000000.0, 1000000.0, 1000000.0, 1000.0]
cmd vel timeout: 20.0 # we test this separately, give plenty for the other tests

<!-- Load joint controller configurations from YAML file to parameter server —->
<rosparam file="§ (find 1itebo;_description)!configfcontroller.yaml” command="1ecad" />

<!-- load the controllers —-->
<node name="controller spawner" pkg="controller manager" Cype="spawner" respawn="false"

output="screen" args="litebot controller"/>

iblros_controlffif4 wune €5

Algalaxy




<gazebo reference=”${prefix]_;ink”>
<sensor type="depth" name="§{prefix}":>
<always_on>true</always_on>
<update rate>20.0</update rate>
<camera>

4horizontal_fOV}${60.OtM_PIflaﬁ.0}4!horizontal_fOV}
<image>
<format>RB8GEBBB</format>
<width>640</width>
<height>480</height>
</image:>
<clip>
<near>0.05</near>
URDFX‘# <far>8.0</far>
</clip>
</camera>
<plugin name="kinect ${prefix} controller" filename="libgazebo ros openni kinect.so">
<cameralName>$ {prefix}</cameraName:>
<alwaysOn>true</alwaysOn>
<updateRate>10</updateRate>
<imageTopicName>rgb/image raw</imageTopicName>
<depthImageTopicName>depth/image raw</depthImageTopicName:>
<pointCloudTopicName>depth/points</pointCloudTopicName>
<cameraInfoTopicName>rgb/camera info</cameraInfoTopicName>
<depthImageCameraInfoTopicName>depth/camera info</depthImageCameraInfoTopicName>
{frameName}S{prefix}_:rame_ppticalﬁfframeName>
<baseline>0.1</baseline>
- o <distortion kl1>0.0</distortion kl>
Qﬁh"{%@ﬁﬁ‘# <distortion k2>0.0</distortion k2>
I <distortion k3>0.0</distortion k3>
<distortion t1>0.0</distortion tlx
<distortion t2>0.0</distortion t2>
<pointcloudCutoff>0.4</pointCloudCutoff>
</plugin>

</sensor> B /6
</gazebo> Algalaxy




Nk |:> Flgazebo_rosINBER) B SIspawn _modelfdpythonfilZAs |, 1@1T $73%
E O Gazebo i BiRFZVEAR |, iI5KINEIEEAIURDFIE,

______________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________

*$O OB | %% |
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How-{=83Nzk

[ ST xacrolEstHON S ARSE | SRS {THEH - URDFEBANE: J

<launch>

<!—— urdf xzml robot description loaded on the Parameter Server-->
<param name="robot description" command="$ (find xacro)/xacro.py
'$ (find litebot description) /urdf/litebot with kinect gazebo.xacro'" />

<!-— Run a python script to the send a service call to gazebo ros to spawn a URDF robot -->
<node name="urdf spawner" pkg="gazebo ros" type="spawn model" respawn="false" output="screen"

args="-urdf -model litebot -param robot description"/>

</launch>

—
IERUEY x
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How-{=83Nzk

roslaunch litebot_description gazebo _room_world.launch
roslaunch litebot_description add_litebot_to_room.launch

spawn_model script started

[INFO] [WallTime: 1500134881.816380] [0.000000] Loading model xml from ros parameter

[INFO] [WallTime: 1500134881.8 ] [@.0000808] Waiting for service /gazebo/spawn_urdf_model

[INFO] [WallTime: 15@@134881,ﬁ ] [6.000000] Calling service fgazebo/spawn_urdf_model

[INFO] [WallTime: 1500134882. 9] [63.220000] Spawn status: SpawnModel: Successfully spawned model

AT x
Algala')gy
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-y

roslaunch litebot_description view_litebot_with_kinect_gazebo.launch
rosrun litebot_description litebot_teleop.py

Gazebo

World | Insert w ¢ 0 ;j ‘. . . ‘ 2 S |.
Scene
Physics
Models
Lights

Property Value

1] Steps: 1, Real Time Factor: Sim Time: Real Time: Iterations: set 3
rinie €y




How-#{3{h E

- ~ list

Jcamera/depth/camera_info

Jcamera/depth/image_raw

Jcamerafdepth/points

Jcamera/parameter_descriptions
Jcamera/parameter_updates

Jcamera/rgb/camera_info

Jcamerafrgb/image_raw
Jcamera/rgb/image_raw/compressed
Jcamera/rgb/image_raw/compressed/parameter_descriptions
Jcamera/rgb/image_raw/compressed/parameter_updates
Jcamerafrgb/image_raw/compressedDepth
Jcamera/rgb/image_raw/compressedDepth/parameter_descriptions
Jcamera/rgb/image_raw/compressedDepth/parameter_updates
Jjcamera/rgb/image_raw/theora
Jjcamerafrgb/image_raw/theorafparameter_descriptions
Jjcamerafrgb/image_raw/theorafparameter_updates
Jclock

Jcmd_vel

Jgazebo/link_states

/gazebofmodel_states

/gazebo/parameter_descriptions
/gazebo/parameter_updates

Jgazebo/set_link _state

/gazebo/set_model_state

Jjoint_states

Jodom

Jrosout

Jrosout_agg

Jtf

Jtf_static

Rl 0 i @
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E'\ZE Summarize

> gazeboE— A HRRINES AT
> SROSEREYF , BJLAFIFROSHTXH

LEE.

FERRIR,

IN"

> (FEESR | IEME, Z8URE

TR

S 5215

v’ http://www.gazebosim.org

v’ http://www.gazebosim.org/tutorials

v’ http://answers.gazebosim.org

v’ http://www.guyuehome.com

50 70 i @
Algalaxy


http://www.gazebosim.org/
http://www.gazebosim.org/tutorials
http://answers.gazebosim.org/
http://www.guyuehome.com/

Thank you




