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Gazebo ClassicZ} Ignition Gazebo (P Xl = Gazebo 2 S22t & 7HX| T2 H T GAZEBO
A1 B (ignition Gazebo)

D =3tE OF7[HA.

O =& El Z & (Ignition Physics, Ignition Rendering, Ignition Transport )2 T+, 58 7| S 1N, =t

=d| A

- (Gazebo Classic):
J|2 Z2| AZEI2 ODE (Open Dynamics Engine) S AHE
LHE ATIZ J(|°JOF7| flo 2212212 ArEE = URUSLILCE Bullet, Simbody, DART s1t= &%

A HH (Ignition Gazebo):
LS E2| AEIO| O L2 E8H2 X33, TPE (Trivial Physics Engine)2t Z2 AMZ22 A7 = 451t Sy

0Ot
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1. Al

« MX|B}7| MO|E
= ClassicHHd &X|
» Gazebo : Tutorial : Ubuntu (gazebosim.org)

2. F[a EX] A

« CPU: Intel 3MICH i3 == 1 0|4 (aMDE 24

+ GPU: Intel HD4000 = 1 0|2} (REFA =207t B Tole)
» RAM: 4G (CHH 24 A n)

« HDD: 50G 0|42 o{f Szt

3. 2X[517]

Robotics

# Install Gazebo Classic 11
sudo apt install gazeboll -y

# Install ROS2-Gazebo integration packages
sudo apt install ros-humble-gazebo-ros-pkgs -y

# Source ROS2 setup script
echo "source /opt/ros/humble/setup.bash" >>~/.bashrc
source ~/.bashrc

# Install additional tools (optional but recommended)
sudo apt install python3-colcon-common-extensions -y

HUMAN Al ROBOTICS
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MHH JHH E

Ubuntu 22.042} ROS2 Humbled| &= Gazebo & X| Bl
ROS2 Humble Gazebo 111} EQFEl H, O| = 'gz' 2 A|&IS= M 22 Gazebo H M

SSUdO apt Update from launch import LaunchDescription
Ssudo apt install -y ros-humble-gazebo-ros-pkgs '

ort get_package share_directory

your_package'),
= N W ds”,
= X‘l —.—_I — E Gazebo EI %‘l 'your_world.sdf’

gz sim -v 4 /path/to/your/world/file.sdf

n LaunchDescription([

Node(

arguments

output="s¢
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SDF(Simulation Description Format)

URDF= RViz, Moveit! 12|11 GazeboO|A| 25 AFE

Notes: This is the root SDF element
+ <sdf>e

Required: 1

Type:

Default:
Description: SDF base element.

version 4
Pz
: Moveit! Vo siring
RVIZ - = 3 po TR Default: 1.
H | diO1E5 = 2|5t Description: Version number of the SDF format
XS] Aj2HEL E2 SHEIYINE TIT Prion: ‘
= == <=7 ETH 0| E 242
== SrvYl=915 > <world> cieren
o . P Required: * Description: The world element encapsulates an
Em: entire world description including: models, scene,
ult: physics, joints, and plugins

> <model>:
Required: * Description: The model element defines a
'&gae: it complete robot or any other physical object.

u

¥ <actor>c|
Required: * Description: A special kind of model which can
'[l;m: have a scripted motion. This includes both global

Gazebo ult: waypoint type animations and skeleton animations.
IR A|S30|E » e

Required: * Description: The light element describes a light

Type: source.
Defautt:

RObOtics 7 HUMAN Al ROBOTICS



FH| 2.2.3 A|E8|0|E|{ & Machine TendingS % & &

7tM| 2 O] s

3. 7HM| 2 Cr¥et 7|s

TurtleBot & 22 2£0| H = &L

Ct. &= SDFE AMBSH0] 21 7=

SHEAIL.

Robotics

A 7B HAIX] M-S Y Gazebo
Off QIE{H O] ASILIC

AWS 5l GzWeb0l[A GazeboS At
Sl Hat2 XM E ol A= 0|41t
A% Arget 4 QlELoH

®= e = —1 T
004%: A= gb. 3D 12§ MMQt A S Z3 70
HlO| A i
{l0] o 2|01 72| £737],20/3D 7HH 2k, 22 MM 93 RoIS Slor S
ODE, Bullet, snmod\ | DARTE & OGRES E&£06l= Gazebo= 1=Z Kinect 2~Et2 A, FEA MM, 2- o EHaels gLt 211
H5t 012 IAS 22| AFIof oKk =% O e mEkt 8y E3 SojM MEE o2 L o| =7} 012 GazeboQ| APIO| CHBH XIF o
ABE 4 QI Er. o AMAIH QI LTS HESL|Ct Q1= MM H|0|E{S MABHL|CH MAZ MEsLc
C A S 2tLE =
22 2d TCP/IP ggﬁaﬁ Al EHE T
PR2, Pioneer2 DX, iRobot Create, 2474 AME{OA] AB 0| M S Ad} = = oS BUS T 7L Al=H[0|Md
1 Google ProtobufsS AL6H0] 4 Cloud%i"ne Ar23510] Amazon, L 3 K0 E 80[stA BLICH
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JHE Z2HME CjHEL £

7t E 2X 2 E =2 spawnot !

JhH| 2 2 GO|E| 0| A ECf LZOf [}2 IO 74

Jlaunch 20 &= A =20 M2 A|&SH= O] AHE &

ROSE Sl M| 0572

= launch Ot M &t

worlds E 0= 7HH| 2 2t 8 & F2|dt= world T M E
‘models EH0|= 2EX0|Lt Xt Z2 7HE 2 & ot M7
‘meshes EL= 30 ZEO A|ZH B F2|X 5212 @/ot ot HE
config ZEH0|= HEE2{Lt 7|Ef 7 ot M

escripts EH= 22 M O{Lt A[Z20|H 2H AT EHE Tt ME
-plugins EH 0= 7t 22| 7| 5& &&= AFEX Fel E2{ 12l

Robotics

my gazebo project/

|

I cMakelists.tx
I— package .xml

|
— launch/

L simulation.launch

body . dae

_body simplified.st

.yaml
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JHE Z2HME CjHEL £

NI E gul QI E{IH| O] A 9| Insert Model= ol ©AIS| REIS =22 4= UL}

xml wversion="1.0"

mkdir -p ~/.gazebo/models/my_robot sdf version=ri.4
model name="my_robot"
static static

xml version="1.0"
LTink name='chassis'

model pose pose

name>My Robot</name

. . S ) e LTI Pt
version version collision name collisio
. geometry
sdf version='1.4">model.sdf</sdf

box
size size
author box
t

name>My Name</name SISy

. . . collision
email>me@my.email</email
author visual name='wvisual'

geometry

description box. -
STZe s51zZze
My awesome robot. box
description geometry
model wvisual
link
model
sdf

gedit ~/.gazebo/models/my_robot/model.config gedit ~/.gazebo/models/my_robot/model.sdf

RObOtics HUMAN Al ROBOTICS
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7HH| & = Ol5H

1. = Hl(toolbars)

Undo/Redo Copy/Paste
Select mode §J Rotate mode Simple shapes

Translate mode Scale mode Record log

Upper Toolbar

Play/pause sim Ratio of Sim Time to Real Time Time passed in real life Frames per second

5im Time

Step forward Steps to skip Time passed in simulation # of internal updates Reset sim

Bottom Toolbar

RObOtiCS 1 HUMAN Al ROBOTICS
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7HH 2 =tH 809

1. A (scene) o I}l

Drag = rotate

4

Drag = pan
Drag + Shift = rotate
Double-click = move to point

Drag up = zoom in
Drag down = zoom out

Single-click opens context menu

Scroll = zoom infout

Y

RObOtiCS 12 HUMAN Al ROBOTICS
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hded sl

2. MA 37| =78

Insert Model

oal 1)

Simple Shapes

Scale Mode (5)

Custom Shapes

Add 3. MO|= Z0|7| (T2t o 2 HEHSHA)

RObOtiCS 13 HUMAN Al ROBOTICS
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Harer s |

[ - | -

4. Body AFA| BHS 7 5. Front Wheels
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(Joint) &7}
et 220 Z=QIE Ot0| 2 S 2510 ZQIE ‘d-d izt 4XHE HA

Create Joint

Joint types Joint types

Link Selections
Parent
Child
Joint axis
S ¢ 000 - % 000 -l o (x B4 1000000 *F 0000000 °]

Align links Align links

Child to Parent Child to Parent

Joint Pos

Joint Pose

0.000000 - [ S 0.000 0.000000 Oy
0.000000 - [ SN 0.000000 ! 0.000000
0.0004 n 0.0004 ’ 0.000000 Oy

Relative Pose Relative Pose

0.000000 - E  0.000 < 2.000000 - il Roll
0.000000 ZEN  0.000 c 2.000000 n ZESN  0.000000

0.000000 n v 0.000000 < 0.100000 . il 0.000f

HUMAN Al ROBOTICS
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hded sl

7. 25 ARA|2F Of2tQlor7| O2| 1 215 B = 2= 7|

Joint axis

[x P8 1.000000 AW 0.000000 > Al 0.000000

Align links -

RObOtICS 18 HUMAN Al ROBOTICS



JHH| . o]}

Create Joinkt

Joint ktypes

_ @ Fixed Screw
Name: link_2
Universal
Visus Collisic
Link isual ollision @ Revolute2 Ball

@ Prismatic Gearbox
Roll
Link Selections

Parent (linko |
child k2 |
Joint axis -
Radius m Align links -

Pitch
Yaw :\

L]
Geometry

Geometry

Surface
= W

Frictic
riction Tom

Mu Child to Parent

+ Another Collision Joint Pose
0.
0.(
0.

Relative Pose

RObOtics HUMAN Al ROBOTICS
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Create Joinkt

Joint types

Child to Parent

Joint Pose

se
0.000000
0.000000
0.000000

Relative Pose

-0.805710 -
0.000000

Y Align Center option to center the two links in the Y axis, and select the X Align Min option

RObOtiCS 20 HUMAN Al ROBOTICS
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2 building editor2}™O| LIE}EHCE,

© 108 [ o e = 0 B 6

O[3 A7l A0 O A LiCtE= BB

=

o
[=13
=

HH X

= UL} Ot & ++ Y92 A X| gazebo & ZHA0f|

=g

49,
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7HH| & o] i

ICH &2l 20], #K]

A |

H 0

~
Sl

1

=

=1

il

<

HEH He 20], #

.

Ol Create Walls2| Wall=
PEXS

==
=
(@)
=t

old ulo

Of| A Stairs =

Q=
— 1

- u.
I m.w
5 S [ ¥
3w 3
A

PRPEoeaeEa R LR d =
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e ars

Add texture 7| S22 M| ™
building editor O A{ &

Mot £ File -> exit building editor &

o =
Y
M
B
B
B
A
L/ ]
Vs
[—\
=
=

Robotics

7|

JE

EHO| M Save as. & 2

£ buildig editor 2t HO| A LtZFC},

et
LIEFL

% building editorOf| A LEZHH, 7| B S 2H0], 2|7t Bt= 2 =ZS0|
oI},
AN

B

? AHEI 2 building editorOf| A| ZHEHSE A|EH Y SO 2 BtE 2 X ZO0|C},

O[X| O 3D = *.world It & = X FOHAL,

_

2|Z AMLEO| File -> save world as = = 2o}

Ct.

AF 0 https://www.youtube.com/watch?v=7McYSJFAgIU
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https://www.youtube.com/watch?v=7McYSJFAqlU

7tH| 2 O|o}

IHSAF & 2hS 7|
10. & S 2|2E
ROS2 BHEO0|A 7t R & CZo| 20| X%

1. A2 HHOM B2 7tset S8 7HNE 23 Mg

—

"~/ gazebo/models/: AL XF2| & E|ME2| Lf * gazebo/models/ E T

2. 54 RoS2 7| X| LHOf| ot RESS MYote S B
‘<ros2_workspace>/src/<package_name>/models/": ROS2 ¥ A A O|A Q| TH 7| X| L} *models/” =

11. A&= eSS 2 E

1. ros2 run gazebo_ros spawn_entity.py -entity robot_name -file /path/to/your/robot.urdf -x0-yO0 -z

RObOtics HUMAN Al ROBOTICS
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ASA 23 US|

11. AR QES 2C

2. launch I} ¥, “gazebo.spawn_sdf model()' EE+= ‘gazebo.spawn_urdf model()’ & ALE

from gazebo_ros.node import GazeboRosPaths From launch import LaunchDescription
#1.H Z2o|ndl 2
gazebo.spawn_sdf _model('my_model', model_xml, ", initial_pose, 'world')

m launch _ros.actions import Node

goH AZo|nd 2
pkg_path = GazeboRosPaths.get_model_path('my_package', 'my_model')
gazebo.spawn_urdf _model('my_model', pkg_path, ", initial_pose, 'world')

arguments=[

"-entity’, °

.a"

=
X

(¥ g

output="screen”

RObOtiCS 25 HUMAN Al ROBOTICS
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Mt sE0]8 Al =&0]4d

EZ 23 07X ¥=7|

1. ¥3A0o|A EGE 0= O %22 0|F

$ cd ~
S mkdir -p .gazebo/models/gongjang
$ cd .gazebo/models/gongjang/

2. 2% Yo 47 U OHED WY

<?xml version="1.0"?>
{model>

<{name>ganzang<{/name>

{version)1.0</version)

<sdf version="1.4">model.sdf<{/sdf>

{author>
<name)sj kim</name>
{email>*@gmail.com</email

{/author)

{description>project ganzang</description)

A1 7HH|s 3

sudo apt-get 1install ros gazebo-ros

<{/model>

Model.config

RObOtics HUMAN Al ROBOTICS
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Dl A
3. 2X 29| 4| W&0| E oS =1 27

<{?xml version="1.0'?> {joint type="revolute" name="joint0">

<sdf version="'1.4">
{model name="ganzang">

{statico>false{/static>
{link name="'link0">

{pose>0 0 0.05 0 0 0</posed <geometry) {/axisy

<collisi —collision’> <box> {Jioint>

colision name= cotision Csize>.05 .3 .05¢/size /joint

{geometry> {/box>

<box> {/geometry> {joint type="revolute" name="joint1">
Ssized.1 .1 1</ size> {feollisiony <pose>0 -0.1 0 0 0 0</pose

{/box> gé';gfggtary”;e: visual"> <childlink1</childd
{/geometry) <box> <parent>link0</parent>
</collision) <size>.05 .3 .05</size) {axisy
{visual name='"visual'> {/box> limit)
{geometry> 23282?5”” lower>-1</lower>
<box> . kS <upp¢r>1</upper>
$sized. 1 .1 1L sized Slimit)
{/box> <{xyz>0 0 10</xyz>
{/geometry> {/axisy
{/visual> {/joint)
/link) {/model>

Robotics

<link name="link1">
<{pose>0 0.1 0.125 0 0 0</pose>
<collision name="collision">

<pose>0 0 0 0 0 0</pose>
<child>link0</child>
{parent)world<{/parent)
<axisy

<xyz>0 0 0</xyz>

HUMAN Al ROBOTICS
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ool E2{27]

0| M gongjang L2 =S OIRAZ B0 2L,
St&otA| 7| HEEfL|CY,

L

Gazebo

File Edit Camera Viev

World  Insert  Layers o |;j |1\ v - |- . - |

GuUI
Scene
Spherical Coordinates
Physics
Atmosphere
Wind
w Models
» ground_plane
w simple_example

LINKS Apply Force and Torque X
base_link

Model: simple_example
Property

name simple_exampl... >
self_coll... M False Force

Apply to link: [second link

gravity

kinematic

canonical

enable_...
w pose

roll
pitch
yaw
w inertial
mass

True
M ralse
M ralse
M ralse

0.00
0.00
0.200000
1.768523
0.00

Application Point:

O center of mass 4

®x
Y;

Zs

Apply Force

Apply Torque

Cancel  ApplyAll
iXx

Real Time Factor: Sim Time: Real Time: Iterations:

HUMAN Al ROBOTICS
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ol M o
E E Eﬁl o}yl . . n H H n n H n
<joint name="base_to_second_joint" type="continuous">
<parent link="base_link"/>
<child link="second_link"/>

4 a E %E-l Al-_g_ <axis xyz="100"/>
‘ <origin xyz="0.0 0.0 0.2" rpy="0.0 0.0 0.0"/>
</joint>
I-- -
<?xml version="1.0"?> <! GAZEBO RELATED PART >
<robot name="simple_example">
<link name="base_link"> <!I-- ROS Control plugin for Gazebo -->
<inertial> <gazebo>
<mass V?'Uef"lou"_b S <plugin name="gazebo_ros_control" filename="libgazebo_ros_control.so">
</i<r:2(:trigﬁ>lxxz 04T Hy=I00" ba=r0.0Thyy =104 20,0 im0 21> <robotNamespace>/simple_model</robotNamespace>
<collision> </plugin>
<geometry> </gazebo>
<cylinder radius="0.05" length="0.24" />
</geometry> <link name="second link"> <T-transmission —>
</collision> o - <transmission name="base_to_second_trans">
<visual> <inertial> o ; .
" " <type>transmission_interface/SimpleTransmission</type>
<geometry> <mass value="0.18" /> <actuator name="motor1">
<cylinder radius="0.05" length="0.24" />  <inertia ixx="0.0002835" ixy="0.0" ixz="0.0" iyy="0.0002835" iyz="0.0" izz="0.000324" /> hanicalR :j tion>1</mechanicalReducti
</ge0:netry> <Jinertial> <7;T;:§afonr|:a eduction>1</mechanicalReduction>
<visual> <origin rpy="0.0 0.0 0.0" xyz="0.0 0.0 0.0" /> fa . o
</link> <collision> <joint name="base_to_second_joint">
<hardwarelnterface>Effortointinterface</hardwarelnterface>
<geometry> <Jjoint>
<box size="0.05 0.05 0.15" /> .
</transmission>
</geometry>
. </robot>
</collision>
<visual>
<geometry>
<box size="0.05 0.05 0.15" />
</geometry>
</visual>
</link>

RObOtics HUMAN Al ROBOTICS
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File Edit Camera View Window Help

World  Insert  Layers w ..’. (:) Uj |1\ v o~ |- . ' . O f/ | [ }E ] =0

GuUI
Scene
Spherical Coordinates
Physics
Atmosphere
Wwind
Models
» ground_plane

w simple_example
LINKS Apply Force and Torque X
base_link

Model: simple_example

Property Value Apply to link: [SEcond link
name simple_exampl...
self_coll... M False Force Torque
gravity True
kinematic M False
canonical Ml False

. N Application Point: X:

. : 4 ;
enable ... M False d N O center of mass #p Y:

WEHOSE 5 N @X: . m z
0.00
0.00
0.200000 z o
roll 1.768523
pitch  0.00
yaw 0.00
w inertial
mass i 018 Cancel  Apply All
iXx 0.00
ixy 0.00
ixz 0.00 ) Real Time Factor: Sim Time: Real Time: Iterations:

SNy “m Mag:

Apply Force Apply Torque
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Gazebol| &4(EE, =¥
<include> Ej 1 & AFESH0

Robotics

<?xml version="1.0" ?>
<sdf version="1.6">
<world name="my_simulation_world">
<72 X ET} s
<include>
<uri>model://ground_plane</uri>
</include>

<l-- X FTT >
<include>

<uri>model://sun</uri>
</include>

<I--2Z BE F7H(Q R sDF It Zoh >
<include>

<uri>model://my_robot</uri>
</include>

</world>
</sdf>

HUMAN Al ROBOTICS



Chal 7HI‘||(EE *‘”A‘I INEER=S % MOo|ol= ot lL|LCt, <?xml version="1.0" ?>
EX9 Elﬂ ZRE k”kl EE' HE5d 5= ZLL. <z(:rfc;ljzlr?:r;el=.?m>y robot">
.world -“-|'OEI LH O“A'I E'j—'l E %ij— 7H tE” 75-|| o AEI %H OEI' ‘Jlk‘E %Ixﬁ L-l I:|'- <static>fa|se</stat_ic>

<link name="base_link">
<visual name="visual">
<geometry>
<box>
<size>0.5 0.5 0.5</size>
</box>
</geometry>
</visual>
<collision name="collision">
<geometry>
<box>
<size>0.5 0.5 0.5</size>
</box>
</geometry>
</collision>
</link>
</model>
</sdf>
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Gazebot 7| 28 2 E ~/.gazebo/models/ C|HEHZ|E 22 2= Q4]

mkdir -p ~/.gazebo/models/my_custom_model

2YEC 71X

~/ .gazebo/models/

L — my custom model/
|— model.sdf
|— model.config
|— materials/

|— scripts/

| L custom material.
L textures/
L my texture.png

L README.md

RObOtics HUMAN Al ROBOTICS



world vs .sdf siAl X}O| A

.world _.—,_I.UE-I .sdf -l_'-l'%
Al=20|H FX| 24 Ho NE RE(=x, HAM 5) J9
A, £, 2% w3 SH HM(ERE, WA 5)0] Y3, XQIE, MA

=5 27| Gazebo 23 A| &IF ALE world WEOA <include>» = &

off | gazebo my world.world gazebo --verbose my robot.sdf

world It Y = &3St 2{ ™ Ros22| gazebo ros IH7 | K| E AFE gL L}

ros2 launch gazebo_ros gzserver.launch.py world:=/absolute/path/to/my_world.world
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<?xml version="1.0" ?>
<sdf version="1.6">
<world name="custom_world">
< HEEFEE
<include>
<uri>model:ground_plane</uri>
</include>

<-EfYF =T >
<include>

<uri>model:sun</uri>
</include>

<l--TurtleBot3 2& F7} >
<include>
<uri>model:turtlebot3_burger</uri>
<pose>00 0.1 00 0</pose>
</include>

</world>
</sdf>

Robotics

= .world It A X|HSI=
. TurtleBot3E E 3ot HAH
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E3H world It S ESHSI= HiH
CHE world IS X EE0 Z&5tdH <include> Ef Q0| filename &8-S AFES
Ol &0, 7| & defaultworldE custom.worldOf| A Z2tS}t2{H:

<?xml version="1.0" ?>
<sdf version="1.6">
<world name="custom_world">
<l-- 7| & default.world &} -->
<include>
<uri>file://path/to/default.world</uri>
</include>
</world>
</sdf>

Robotics
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Gazebo?l| .world THO0A EH B

D3 nhdof #A| =l 8l =7t

Gazebo= 7|28 22 Jusr/share/gazebo-11/models/ C|HE 2|0 M REHS &&LICT
AHEAL XY Z-E A5t ™ GAZEBO_MODEL_PATHE A 73f{of gtL|Ct.

<include>
<uri>model:my_custom_robot</uri>
</include>
3 world It S HWs5t= WY

ros2 launch gazebo_ros gzserver.launch.py world:=/absolute/path/to/my_custom_world.world

RObOtics HUMAN Al ROBOTICS
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7tH| 2 O|o}

SDF(Scenario Description Format, Simulation Description Format)

SDF: GazeboO| A 22, A, 28 S5 F2[dt= xmL 7| 2he| mp & H A LT,

ROS22t A AFESIH 2E2O| {1, E2|H EM, A REH 52 M
SDF= URDFECI O HAUSH A| 25 0| M2 X|StH, Gazebol| =2 AR DF ZILSHH HAAZL|LC},
SDF =8 824

1) <world>- 2 E H9|
HE = GazeboOl| M AlZ2f0|Me MK 2td 2 HO5t= 24 LT,

= L-

<model>-252 8l Q HAME O]

E2EO|L} @E i. JoI5l= QA Z, <link>, <joint> 52 Z&e = UGS L|LCL.
staticO| trueO| B S5 @ B & E = 1=l AbEf 7 E L|Cf.

2
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SDF

SDF =8 84

I(§|X-| O|5)— 7(-|o|-('5|.'— RAOI[_'E'.
«type="revolute"= 2|H™ =

PlE, type="prismatic"= M3 =0l

A
<sensor> - MA

=Y Ho
-7} 2}, LIDAR, IMU §2| MAME ™|

<include> - 2|8

Gl *7'.
T

'c'>‘|- [[H A'-.Q_EI |__| |:|-'

ros2 launch gazebo ros gazebo.launch.py world:=/path/to/my_world.sdf

Robotics
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28 24 gt=7| F=H|
Z0E BED AN
cd ~

mkdir —p .gazebo/models/myrobot
cd .gazebo/models/myrobot
vi model.config

Robotics

<?xml version="1.0"?>
<model>
<name>myrobot</name>
<version>1.0</version>
<sdf version='1.4'>model.sdf</sdf>
<author>
<name>kim rujin</name>
<email>rujinkim32 @gmail.com</email>
</author>
<description>project rokey</description>
</model>

model.config
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<?xml version='1.0"?>

<sdf version="'1.4">

<model name="myrobot">
<static>false</static>

<link name='link0">
<pose>0 0 0.05 0 0 0</pose>
<collision name='collision'>
<geometry>
<box>
<size>.1.1 .1</size>
</box>
</geometry>
</collision>
<visual name='visual'>
<geometry>
<box>
<size>.1.1 .1</size>
</box>
</geometry>
</visual>
</link>

Robotics

o
rir
N
19
Rl
°
rC
Ral
i
HH
>

o
|0
u
0o

bal
no

<link name="link1">
<pose>0 0.1 0.125 0 0 0</pose>

<collision name="collision">
<geometry>

<box>

<size>.05 .3 .05</size>
</box>

</geometry>
</collision>

<visual name="visual">
<geometry>

<box>

<size>.05 .3 .05</size>
</box>

</geometry>

</visual>

</link>

<joint type="revolute" name="joint0">
<pose>0 00 0 0 0</pose>
<child>link0</child>
<parent>world</parent>

<axis>

<xyz>0 0 0</xyz>

</axis>

</joint>

EX

'K HEE 210 F 012 FoH="2 XS

<joint type="revolute" name="joint1">
<pose>0 -0.1 0 0 0 0</pose>
<child>link1</child>
<parent>linkO</parent>
<axis>
<limit>

<lower>-1</lower>
<upper>1</upper>
</limit>
<xyz>0 0 10</xyz>
</axis>
</joint>

</model>
</sdf>

Model.sdf

HUMAN Al ROBOTICS



world, static, dynamic 24X

name="collision">

>
L™ |
=1.5">

default">

3

visual™>

na
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SDF

Gazebots 22 BE(Z, Y3)0| 29 B S L0LO} 8H=E, 0= O] RH 7t {EH EEE| =X 2 5H
<inertial>
<mass value="2.275"/>

<origin rpy="0 0 0" xyz="0.0 0.0 0.25"/>
<inertia ixx="0.049443313556" ixy="0.0" ixz="0.0" iyy="0.049443313556" iyz="0.0" i1zz="0.004095"/>

</inertial>
L. I, L. effort2 X0 B &L = U= 2|0 &(EE= EF)2 2785t=0l, Ol= =2 EH2| &0
I, I, I, [h2f =2k & L
L. L, L.
Bl <origin>= 22 39 HEF S E= 58 S = FolgfL o
Ol= 20| et 7S X7t R = A|AHS| B = BEO| Hi /X /LCH 7IESEE
Aiteh M &t &4 LT
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otO|Ct Al & 0]

cto|Ct B E Al 4=}

2t O| CHLIDAR/LIDAR, light detection and ranging” EE= “laser imaging, detection, and ranging” 2| 2FAH)&= 2{ 0| X
HAE AL HEALE[O S0t = A|ZtS F785HY I:'“KH(1|O| fIK[Zt 7 E FE 5= & O|CF A|AE

= 1

2D LIDARE ZHEH X| MO ZEHE 2K Q Ao HH M HE |23t C}.
SHMer At BHE 7[E2 2 EM2re| A7 HOtL BOM U=X| =2l

L—

r
cyglidar, 9.
File Panels File Panels Help
™) interact Sel ™) Interact Mo Sel
£ oisplays ) Displays
» @ Global O » & Global Oy
» ® @
» @ Grid @ Grid
» A ) Axes
» Yrpointcloud2 v | .. 00| ¥ pointCloud2
» ¥ PointCloud2 ¢z PointCloud2
~ LaserScan ~ LaserScan
Add Add
© Time (5 Time
05 Time: ed Wi psed: 12090 | | Experimental ed psed: 33222 | | |Experimental
eset | Laft-Click: Move X/Y. Right-Click:: Move Z. Mouse Wheel:: Zoom 31 fps Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options.
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§7|x| H=7], 7|2 22 US|

2tO|Ch 7| 5= E 20| =715t 1 gazebo | A 2 St O HE -5 Rviz20| M Al 4=} =Helgt 4= QUL

S cd ~/sim ws
$ cp src/urdf tutorial/urdf/robot 3.xacro src/urdf tutorial/urdf/robot 4.xacro

import os

from ament_index_python.packages import get_package_share_directory
from launch import LaunchDescription

from launch.substitutions import LaunchConfiguration

from launch.actions import DeclareLaunchArgument

from launch_ros.actions import Node

import xacro

def generate_launch_description(): . . . _
use_sim_time = LaunchConfiguration("use_sim_time") RO bot_state_p u b | IS he rE ro bot_d escrli pt Tela % E Ji! 2 E

pkg_path = os.path.join(get_package_share_directory("urdf_tutorial"))

xacro_file = os.path.join(pkg_path, "urdf", "robot_4.xacro")

robot_description = xacro.process_file(xacro_file)

params = {"robot_description": robot_description.toxml(), "use_sim_time": use_sim_time}

return LaunchDescription(

[

eclareLaunchArgumen
"use_sim_time", default_value="false", description="use sim time"
),
Node(
package="robot_state_publisher",
executable="robot_state_publisher",
output="screen",
parameters=[params],
),
]
)
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import os

from ament_index_python.packages import get_package_share_directory

from launch import LaunchDescription

from launch.actions import IncludeLaunchDescription

from launch.launch_description_sources import PythonLaunchDescriptionSource
from launch_ros.actions import Node

# Run the spawner node from the gazebo ros package.
spawn_entity = Node(
package="gazebo ros",

! ntityz Ny
rnv7 L4

def generate_launch_description(): arguments=["-topic", "robot_description", "-entity", "with_robot"],
package_name = "urdf_tutorial" , ,

OuLputl=screcit ,

)

rsp = IncludeLaunchDescription(
PythonLaunchDescriptionSource(

[0s.path.join(get_package_share_directory(package _name), "launch", "robot_4.launch.py")] # Launch them all!
), return LaunchDescription(
launch_arguments={"use_sim_time": "true"}.items(), [
) rsp,
gazebo,

# Include the Gazebo launch file, provided by the gazebo_ros package
gazebo = IncludeLaunchDescription(
PythonLaunchDescriptionSource( ]
[os.path.join(get_package share_directory("gazebo _ros"), "launch", "gazebo.launch.py")] )

)l
)

spawn_entity,
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oj7|X] HE F 7N 2 &£

<material name="red"> ~ [
<color rgha="1001"/> S cd /Slm_WS/
</material> S colcon build --symlink-install
S source install/setup.bash
<1-- LiDAR --> o
<joint name="laser_joint" type="fixed"> S ros2 launch urdf_tutorial lidar.launch.py

<parent link="body"/>
<child link="laser_frame"/>
<origin xyz="0.1 0 0.075" rpy="00 0"/> e —— oy _
</joint> = S o
<link name="laser_frame">
<visual>
<geometry>
<cylinder radius="0.03" length="0.03"/>
</geometry>
<material name="red"/>
</visual>
<collision>
<geometry>
<cylinder radius="0.03" length="0.03"/>
</geometry>
</collision>
</link>

Property Value
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<?xml version="1.0"?>
<robot xmlIns:xacro="http://www.ros.org/wiki/xacro">

EE |=] 5] 2FO|CF 2 ol X7 <gazebo reference="laser_frame">
A = O” |- | |- =T |- <material>Gazebo/Red</material>
<sensor name="laser" type="ray">

'src/urdf_tutorial/urdf/lidar.xacro’ L} & <pose>0 00 0 0 0</pose>
o update_rate: X103 MEZ x| 28tL|C} <visualize>true</visualize>
. sample;: 7E_'|A_||.| 7_'|'|7_|- LH O‘" A_I 47H9| %I'IA_'I% |:é|.A|_—c;|_ L'l I:l_ :;Japd>ate_rate>10</update_rate>
o min_angle, max_angle: 2D LIiDARZ} 270t 2 7HIL|CH, <ann>
o range min/max: 2D LiDARZ} 270 7S o AH 2| Q| &[4, Z[C gf & L|CF. <horizontal>
o argument: rosOfl M &gt topic O| & & LIC}. <samples>4</samples>
o output_type: = A Y LLC}. <min_angle>-3.14</min_angle>
o frame name: 2D LiDARZ} EXFEl MIA{ O| 2 QI L|C}. <max_angle>3.14</max_angle>
- </horizontal>
</scan>
<range>
<min>0.3</min>
<max>12</max>
</range>
</ray>
<plugin name="laser_controller" filename="libgazebo_ros_ray_sensor.so">
<ros>
<argument>~/out:=scan</argument>
</ros>

<output_type>sensor_msgs/LaserScan</output_type>
<frame_name>laser_frame</frame_name>
</plugin>
</sensor>
</gazebo>

</robot>

<xacro:include filename="lidar.xacro"/>

RObOtics HUMAN Al ROBOTICS



otO|Ct Al = 2] o] d

7tH| &2 O|5H

Al=golds flet EE a7, 22X HA = EE NE

& Gazebo@5c13d09a40bc - o 3

>
fu)
HU
(0]
Ar
(o2
H1
N
il
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N
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-
in

1 o 1 o
*Gazebo Ol A{ ‘Insert’ B2 F+2 11 'Insert model ..".2 FE &
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7tH| &2 O|5H

& Gazebo®5¢13d09a40bc - (a] 5|

S E0A ‘with-bor' S & = O A Ol 7 HHES +E £ HYH 70 'Delete’S =2 A with-bot= K| A

*'src/urdf_tutorial/config' = Of| ‘with_robot.world’ 2= Lt Y HO 2 X &atL| L},
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$ ros2 launch urdf tutorial lidar.launch.py world:=src/urdf tutorial/config/with robot.world

/h ros_ws/src/urdf_tutorlal/config/robot.rviz* - RViz
File Panels Help
(rinteract | G*Move Camera [ iSelect FocusCamera  ==Measure 7 2DPoseEstimate .~ 2DGoalPose @ Publish Point
0 pisplays )
» v Status: Ok .
Show Names v
Show Axes v
Show Arrows v
Marker Scale 1
Update Interval 0
Frame Timeout 15
» Frames
» Tree
* th, RobotModel v
~ v Status: Ok
v Topic 1 messages received
v URDF URDF parsed OK
v base_link Transform OK 2
v body Transform OK
v caster_wheel Transform OK
v laser_frame Transform OK
v left_wheel  Transform OK
v right_wheel Transform OK

Visual Enabled v
Collision Enabled

» Mass Properties
Update Interval 0

Add

© Time
ROS Time: | 1690251174.14

ROS Elapsed: 149.19

Wall Time:

1690251174.17

Wall Elapsed:  149.19

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

Robotics

4+

5
[bamalech lene welere hurdf bubacial eulen . RViz
Eile Panels Help i ¥
(Myinteract 7 Move Camera Iselect Fod Create visualization nt —
3 pisplays 1 By display type By topic
» v Status: Ok - e —
Show Names v Dgzc-rm o
Show A ¥ ~ B rvi ;euf': it_plugins
Show Arrows v 3 Z; ult_plug
Marker Scale 1 e
Update Interval 0 il
H FluidPressure
Frame Timeout 15
» Frames S0
F2 Gridcells
b e Illuminance
* #h, RobotModel v 5!
~ v Status: Ok ~gtead
v’ Topic 1 messages received
v URDF URDF parsed OK "
v base_link  Transform OK . ol N
v body Transform OK w Morkerirma
v caster_wheel Transform OK X Odomaty
v laser_frame Transform OK 2 Pat: =,
v left_wheel  Transform OK v
v right_wheel Transform OK Description:
Visual Enabled v
Displays the data from a sensor_msgs::LaserScan message as
Collision Enabled 2
points in the world, drawn as points, billboards, or cubes. More
» Mass Properties lformation: e
Update Interval 0
Display Name
LaserScan
© Time l ©cancel o
ROS Time: 1690251239.67 ROS Elapsed: 21472 TWallTime: 1169025123971 TWall Elapsed: 1214.72 Experimental
Reset 31fps
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/scan E&l =9I

*2D LiDARS| samples =5 40| A 36022 SE{ELD AL = HEE J|HICR F|HER F
70 2= HOZ0AN 'cTR+C'S =2l 24 SR 2= 2208 = &,

o= O

*‘src/urdf_tutorial/urdf/lidar.xacro’ ILt 2 Of| A| laser_frame’2| samples= 3602 = HE.

ot
|0
oF
HT
rir
=

.

$ cd ~/Workspace/ros ws/ $ ros2 topic echo /scan

cchyun@cchyun-lin: ~/Workspace/ros_ws Q

:-$ cd ~/Workspace/ros_ws/
$ ros2 topic echo /scan

nanosec: 652000000

frame_1id: laser_frame
angle_min: -3.140000104904175
anale max: 3.140000104904175
angle_1increment: 2.0933332443237305
tTiMeé " ThCrement: u.o
scan_time: 0.0
range_min: 0.30000001192092896
ranae max: 12.0
ranges:
- 2.9999043941497803
= <At
- .inf
- 3.021275281906128
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AlZH 0] H A5t

*2D LIDARS2| samples =5 40| A 3602 2 S{E 1 AME=HEE 7|HIC 2 7|HE 2 FAHS S| E= At
2M 2= HOE0OA CTRI+CE e AW S RE T2 S SESLCH
o‘src/urdf tutorial/urdf/lidar.xacro’ L 2 0| A ‘laser frame’2| samplesE 3602 £ HZA T L|C},

$ colcon build --symlink-install $ ros2 launch urdf tutorial
lidar.launch.py world:=src/urdf tutorial/config/with robot.world

LK A IERSEA [~ 0]

Add
©Time O]
ROS Time: 1169025216923 | ROS Elapsed: 127.53 Wall Time: 1690252169.27 | Wall Elapsed: 27.53 Experimental
Reset fps.

$ ros2 run teleop twist keyboard
teleop twist keyboard
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Moveit2 A&

Moveit2 & &

Al =2] 0| Bl A2t 2tE 2Tt Gazebo, 2N A2l 2 23t Movelt2, Z2 2| U= 2t Python= S Z&£
= fot 22X &tE2 NS
ofeff 23+ LY GitHubOl Rl Tt o] 571 K& A

"4 7Y as
Ubuntu 22.04
ROS2 Humble
Gazebo
Moveit2

https://kolkemboi.medium.com/simulate-6-dof-robot-arm-in-ros2-gazebo-and-moveit2-al71c7e9b0ad
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welder_ welder_ welder_ .qdrant-
conkrol description moveit_ initialized
config

A| AE O} 7| Ell
67} DoF 2 RS TS 9fSt o7l HHS EROR s 2E T THS ALBYLCH
ROS 2 OF7| Bl LHOj| A O 2] ]

|_|-
In
MU
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jel
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Im
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_|>-_
o
m
H
©
|>
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s
Jtot
Ho
M
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H
oot
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AMABIO| CHYot ZHE X
Gazebo= A|=|0|H 214 &
Autodesk Fusion= Al-25}0 GazeboOf| Al A &2j|0] M
282 D383 72350 Ros2E URDF LHE L 7| 7
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Moveit2 & &

A Z2)0] 8= 25l GazeboZ 7IM 5 LICH FE T3S F71510] =2 O 1

Cazebo

wEOHE A Mol %Y Z|a ke alil
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Moveit2

Moveit2

Activities ) visual Studio Code my_controllers.yaml - s

File Edit Selection View Go Run Terminal Help
File Edit Selection View Go Run Terminal Help |
! my_controllers.yaml X

N welder.xacro 3 ros2_control.xacro X - P Y

> {} joint_trajectory controller > {7 ros__parameters > [ Jstate_interfaces
welder_description > urdf > ® ros2_control.xacro

version="1.0"
name="welder

xmlns:xacro="http://w

name="welder" type="system"

gazebo_ros2 control/GazeboSystem

joint name="joint 1"
command interface name="position"
-3.14
param name="max">3.14

rface name="position"

0.0

ace name="position"
min">-3.14</para
name="max">3.14

name="max">3.14

ce name="position"
name="initial value">0.0

X f*main ® P X ROS2humble ®O0AO0 0 GitGraph
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Movelt2E A2 E*
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Moveit2 A&

Maveit Setep Axshitast

start Sereen Optimize Self-Collision Checking

This searthes for pakes of oot lnks That Cas safely be dinabied from (ollsion cheching, Gectcasing metion plassing Lime. These palrs are duabied when Dhey ate stwiys i
collision, never in collaion, in colinion In the robot’s defaclt position, of when Lhe Soks are adacent Lo each other 00 Lhe inematic thain, Sampling deraty 10etfies how
mamy £andonn robot poukiont to theck for Lelf colnon

Virtosl Jonts

Sergheg Doty Lew Hgh 100000
Paning Lovps Min. colinions for "ahways <oliding pairs: ¥3% T Genarate Colipion Matri
Rt Petes k4 & - - - - -
" - -~ - - " <!
. ’ s )
o - 4 -e -
€nd Uectons 2 3 z 3 s 3 M
bane_lok v ¢ 4
Pasive Jonts 18 1 v
Wk 2y (v v v v
rou2_gontrol URDH Moc Mo
Wk )3 v v 4 v v
W 3 Controlien Bok 40 v F) v v
bk 5 ¢ ’ v
MaveR Contasilers Bek_6. ) o v .
Perception
Lounch e
Adthor il oenation
Contipuration Fles
e vew T matrix view v visl Clinon
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Movelt Setep Asshtast Mavelt Setep Asslstant

Define Planning Groups

Create and et Joinl mordel Sroups for your robot Based 06 Joint Collections, bk coliection. Mnemat (hakes o sbsroud. A plaving SAou) defines the set of Qoint. k)
.

Define Robot Poses

Crewte paries for Uhe 1oboL. Poses are defined 5 sels of Joint waors (o Sarticulad plaosing growgs. TS B vefl for Uings We Aome sostin The fist isted sose wil be Dhe

Lat

St Solisions P isered Toe Slaneieg and coinion chedting. Define individunl grous for each uibtet of Uhe robot you wnt ta plan for Sa¥ <o robot's intisl pote a3
ot when ading 8 ok £ the group, 1 paent jont 1t sdded £20 and vice vris
Voted doets Carrert Gooupn Vet Jowts Ll L I
L] Pest_pone orider_group
m Haning Grovps 2 Rt pirse wrkder_gron
——= S
rdtiMecten
€dUTectons
Pasiot Jonts a
Sueorcipd Passhoe Joints
o2 _control URGH Mo
roa2 control LR Mot
9 2 Controlen
4 2 Controlien
Move® Contstery
Mover Contastlers
Percesecn
Peccescn
Lounch s
Lot rites
Acthor efcemation
Acthor foemation
Contipurstion Fies
Contpurstion Fies
Lo A1 Collirie A3 Delete Selected (Ot Selected 244 Goowp

PowDiadtfose| Mot ot Selected | Delete Selected | &dd Pose 7 ol ) oolied
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Maveit Setep Anhitant

Ract

ros2_control URDF Modifications

This step €an add the Lags 0o Lhe URDF required for Intetfacing with fosl_control See Migd )/

cotralrencng) for moce wfo

Self Solisiinn

Command Interfacrs State interfaces

Virtcal Jomts

¢ ponkion . poskion
Planing Lroves welocky v welocity

effort etfon
Rt Petes
Add oterlaces

£nd Uectons

Passivt Jonts

wIslate_inoertaces
a3lale_ntertae names et

<joink ramesjonk 2>
\'\a‘-i_l:’db'! e

Maove® Controllery

wparem rames il velve s $intial_
ale_ieteclaces
te_nkectace names"velooty />

Peroeption «

By e

wcoemand_interlace names povcn’[s
te_inker! 0 names postion
<param names kil valoe >4

L Nies

Actior il oemation Rl postiom{joine YT /pacam>

Contiguration

A hanal pr_& T o e

SOMIYE_INaTACE Pae
“3Lale_nertace ames’

“Mate_iertacer
“3Late_tlert ae bres"vel
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moveit config =& | ros2_control @1 E{I{| O] A =7t

Ihome/iolDocomentMobetksfwelder_wa/sted wrider_maveRt_coaligihace fweider_maveR_conligfuoalig/meveiovis - AVLE

fle Banels e
Syvie

Heat " Wi Camvet s S +

Fenet  LeltClh: Botate. MM Chch: Move X7 Mg COOLMovie Whatl Joom SN More options
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SRDF (Semantic Robot Description Format)

= SRDF
- URDFZl &2 =X2| 2|0|EH “H & (semantic information)& & 2|6t= xmL IH & 2 B4
« FE Movelt!ldl £€2 282 B8 A2l 2AZEQOY M AFR
+ SRDF= Z2X 2| A 0| Chet o|0[2H &
-O|H XQIEE AECE FEX, &did A&, AE o|HEH Fo| &5

= SRDF 5%
- S8id 18- 222 SE TUES= AE=0t0] 24 Sdid= flol AHEsh=0l, 0= SRDFO|A 9.

« Atk M A M- £F ZAE Mt 25 © 2
o

=

« Movelt!'2} E¢t - =2 Movelt!{A 2N S
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SDF (Simulation Description Format)

. ClYst E22|A
URDFECL} O

(Of: Ct¥st Opasd 24 DHE S5 HustH M%)
e GazeboO|A FE AFE:
Gazebo A| =2 0|H 2} S¢
o
=

dg =2 AlZg0ld= ?I5h 24

Robotics 5

version="1.6"
name="example robot"
name="base_link"

size="1 1 1"

size="1 1 1"

name="jointl" type="revolute"
base_link
link1

001
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Python2 2 2 2l US}7|
| K[O| A ==

r
-0

HAE MME, A 2= A4S D28 H O E 2ot 24+ Python2 2 A
O|E B¢ =22 SHMIIROS2 =E2IO| |2 £E30| 7l
A E = ZF 2= o] 2 X0 ciet 67l 21=2F X[ A|ZH0|| CHTH 27 Cl=& Z SO 871 2| Ol

=

i
!
Fo

] e || U (WD E ST [ @OE R Z WA

en

n e
ossibilities? (y or n) Sobest Covminibes.

5 joint 6

joint 1, joint
¢ to reach ns

ajectory sen

$ ros2 run
10.11110
743.617811278] [trajectory sender

ntrol welder ¢
al successfull
ntrol welder ¢

16.11116
4811.094853148] [trajectory sender node): Goal successful

1111160

8254826208 sctory. sender nodel: success
4825.483620875] [trajectory sender node]: successfull T
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Moveit A|AEl L X

I=
MH

H=o=

Movelt2 220 I M Zajd X of, A| 22 0| M
ROS(2 5 SR H|) 7| Lo Al S&

5= Xl 5= X Jot= e 2X 2 ZEH 0

’

Movelt= 2 Sl = ?lof Cr&det Ye|Zt 800 7|8 2 F ALESIH, 22| B2 A=, M0, Az =t
So| XOlS ESII0] 28
oO—|l T H= od" T o©

25 2 5! 214 (URDF, SRDF)
2RO Fx2 2F S Foots MY SS HIY 2 E MoveltO] 2X1t 2tE= O35t 21 Q.

*Planning Scene

X 2tF o HEE RAISHD, 5= X H =4
*Motion Planning Pipeline

d2E 725t XX ototH, 7|H|OHE St S5 AX| A|l2HS SOl et 25 Al
«Controller Manager

425 A 2X0| B850 S Y= HO.

‘Rviz & AF8X &2 %8

AMEXOA 2XE2| JEIE AIAGHC R HO34 SHE 207 L 428 ELEHE
Perceptioni} Grasping

st olAlg Sofl SXoZ RS +He 1, BH X5,
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1. Robot Model (2 &)
‘Movelt2 EX2| REH = 7|82 2= .
*URDF(Unified Robot Description Format) === SRDF(Semantic Robot Description Format) 22|,
‘URDF= 22X 2| =2|H (B3, ZQUE 5)& 82|, sRoFe 2X 2| 7|H|OrE M2, OS2t 3,
et Al 52 29,
BN Zeld, BEYE, 5= 4X S CHYoH 2 Yo AR,

2. Motion Planning (2 Zcli'd)
*OMPL (Open Motion Planning Library)& AF&0o}0] Crot N E[& 7|82 F=E A
20| Z 1 YX|0 =Eot= XA =2 E ALt
Ol IMHOM Z=2 Tlot, 2X2| 2aoE HA4= 1.

A2 7ttt E2fd & 12|50 = RRT, RRT*, PRM, CHOMP, STOMP, TrajOpt =

Lot
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3. Kinematics Solver (7| || O} El &H)

*Movelt= 723' tc'i o

ok 7| |OFElA (Forward Kinematics)2t S S 7| | OFEI A (Inverse Kinematics, IK) S H &
ANE 22| {X|LF REA| A4,

JHENSEF|H|OEIA = 2829| TQIE IS 7|Et0 2 ZH 213 9| 2| K| & A AL dEts 7| 4|OtEIAE 25
X0 ==ot7| fI5H 2 Z=QIE | 4k Al Lt

*Movelt< IKFast, KDL & Lot K EHE K| &,

T

4. Movelt Setup Assistant

‘Movelt= 23S0 URDF It 2 7
EE DEIZ MG, 7|H|OtEl A

A2 = UAEE FEGUIET
I O MY 2l A5 A-, 5= 24X AT
A|ESHO|M S A 2ZEOIM AFRE = U EE Movelt?] T8 FTH QAES XSO0 Z MM
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5. Motion Planning Pipeline (2 Z2l| ! mjo]=2}2l)
B Eeffd2 mo|=2fQl == N,
=R XY HEfQt =H HEfE YHAOL S QFAIC =
0| Ijo| =200 = A2 HE T, 2 =7, 7ZIUI0LE] A|M, 5= 84X S| THA 7 &
A|EHO= OINiB RS BE0f 2RO NN S UAEE BN

00
Of
MUl
=
oC
e
=
L]
ifp

6. Controller Manager (Z1E&2{ O L| X)
‘Movelt= Ee{dEl 22 EXRO0| M= OIE = UAEEEXUE
*ROS 22| controller_managerE Sl N0 = EE22|SIEYHE
SEAE.
22 0| XOIE E 2| X (Joint Trajectory Controller)2t &= ZHEE 2 E AIE5I B £ X0,
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7. Planning Scene (S 2l Y )
21242 HO|ot= 0| F =&,

0_

22 09 StAO| TOfE, 12|11 0| 50| A A= HHAl £

2HO ST AE(EX, 2 30| 9| 519 BHHO| ALEHE mulafo] AlA|ZtO 2 250|
EE ZHK] 9 B M SajLliof AL

0
i
iy
sl
12
Ot
=

8. Collision Detection (5= ZX|)

-ZEX0| ZE2EE A2 i =H =2F A 2R XLQ| CHE 2 A 50K & 24Ql5t=52% 7|
*Movelt= FCL(FIeX|bIe Collision Library)2t Bullet Z2 5= ZIX| 2f0|E2{2| E Al E.
LBEAZ SO HAULCE S= 2 E 4X|otl, =2 Llst= B2 H4.
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WA 20| E 2| &
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*Octomapl} &=

H}
- O.

Al
al

o
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FH| 2} E

9. Perception

100 R

10. Rvize}e| E3t
2
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ROSOIA 7| Z2X 2 =2 MSadli= HMA| EFY &,

OH

Zhap 2k A E= MK B

#!/usr/bin/python

geometry_msgs/PoseWithCovarianceStamped Message import rospy
import random

- : - import math
File: |ge01netry7msgs/[’oSe\VlthCovarlanceStamped.msg| from tf.transformations import quaternion_from_euler
Raw Message Definition from geometry_msgs.msg import PoseStamped
# This expresses an estinated pose with a reference coordinate frane and tinestanp
Header header R R
PosellithCovar iance pose if __hame__ == '_maln_':

rospy.init_node("tf_test")
Compact Message Definition
pub = rospy.Publisher("pose", PoseStamped, queue_size=1)

std_msgs/Header header
geometry_msgs/PoseWithCavariance pose

r = rospy.Rate(1)
autagensratsd on Wed, 02 Mar 2022 000853 while not rospy.is_shutdown():
]

msg = PoseStamped()

msg.header.stamp = rospy.Time.now()
msg.header.frame_id = "framel"

 Topic & messages receivad
Transform 0K
fpose.

arrow
Color W255:25:0
1

msg.pose.position.x = random.randint(0, 5)
msg.pose.position.y = random.randint(0, 5)
msg.pose.position.z =0

1
005
03
01

quat = quaternion_from_euler(
0., 0., math.radians(random.randint(0, 180)))

msg.pose.orientation.x = quat([0]
msg.pose.orientation.y = quat[1]
msg.pose.orientation.z = quat[2]
msg.pose.orientation.w = quat[3]

Frame inta which al data is transformed before being displayed.

pub.publish(msg)
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import rospy
import tf
from geometry_msgs.msg import PoseStamped

tf_broadcaster =

class Robot(object): tf.TransformBroadcaster()

def __init__(self):
position = PoseStamped()

r = rospy.Rate(1)
position.header.frame_id = "home" while not rospy.is_shutdown():
position. pose.position.x = -5 @ tf_broadcaster.sendTransform(
position.pose.position.y = 10 trans!at|0n=[10, 10, 0],
rotation=[0., 0., 0., 1],

time=rospy.Time.now(),
child="home",

, , parent="world"
self.position = position )
self.pub = rospy.Publisher("robot_pose", PoseStamped, queue_size=1)

robot.publishPose()

position.pose.orientation.w =1

def publishPose(self):

self.position.header.stamp = rospy.Time.now() r sleep()

self.pub.publish(self.position)

if _name__=="'__main__"
rospy.init_node("tf_pub")

robot = Robot()

r = rospy.Rate(1)
while not rospy.is_shutdown():

robot.publishPose()

r.sleep()
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#include <ros/ros.h>

#tinclude <geometry_msgs/PoseWithCovarianceStamped.h>
#include <nav_msgs/Odometry.h>

#include <tf/transform_listener.h>

class TurtlebotLocationTracker {
private:
ros::NodeHandle nh;
ros::Subscriber amcl_pose_sub;
ros::Subscriber odom_sub;
tf::TransformListener tf_listener;

void amclPoseCallback(const
geometry_msgs::PoseWithCovarianceStamped::ConstPtr& msg) {
ROS_INFO("AMCL Position:");
ROS_INFO(" Position: (x: %.2f, y: %.2f)",
msg->pose.pose.position.x,
msg->pose.pose.position.y);

// HEILIAZ rPYE H 3t
tf::Quaternion q(
msg->pose.pose.orientation.x,
msg->pose.pose.orientation.y,
msg->pose.pose.orientation.z,
msg->pose.pose.orientation.w
);
tf::Matrix3x3 m(q);
double roll, pitch, yaw;
m.getRPY(roll, pitch, yaw);

ROS_INFO(" Orientation (yaw): %.2f degrees", yaw * 180.0 / M_PI);

Robotics

void odometryCallback(const
nav_msgs::0dometry::ConstPtr& msg) {

ROS_INFO("Odometry Position:");

ROS_INFO(" Position: (x: %.2f, y: %.2f, z: %.2f)",
msg->pose.pose.position.x,
msg->pose.pose.position.y,
msg->pose.pose.position.z);

// HEIL|AS RPYE HEBH
tf::Quaternion q(
msg->pose.pose.orientation.x,
msg->pose.pose.orientation.y,
msg->pose.pose.orientation.z,
msg->pose.pose.orientation.w
);
tf::Matrix3x3 m(q);
double roll, pitch, yaw;
m.getRPY(roll, pitch, yaw);

ROS_INFO(" Orientation:");

ROS_INFO(" Roll: %.2f degrees", roll * 180.0 / M_Pl);
ROS_INFO(" Pitch: %.2f degrees", pitch * 180.0 / M_Pl);
ROS_INFO(" Yaw: %.2f degrees", yaw * 180.0 / M_PI);

void getTFTransform() {

try {
tf::StampedTransform transform;

tf_listener.lookupTransform("/map", "/base_footprint",
ros::Time(0), transform);

ROS_INFO("TF Transform:");

ROS_INFO(" Position: (x: %.2f, y: %.2f, z: %.2f)",
transform.getOrigin().x(),
transform.getOrigin().y(),
transform.getOrigin().z());

/| HEILA S RPYE R

tf::Quaternion g = transform.getRotation();
tf::Matrix3x3 m(q);

double roll, pitch, yaw;

m.getRPY(roll, pitch, yaw);

ROS_INFO(" Orientation:");

ROS_INFO(" Roll: %.2f degrees", roll * 180.0 / M_PI);
ROS_INFO(" Pitch: %.2f degrees", pitch * 180.0 / M_PI);
ROS_INFO(" Yaw: %.2f degrees", yaw * 180.0 / M_PI);

} catch (tf::TransformException &ex) {
ROS_ERROR("TF Transform error: %s", ex.what());
}
}
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public:
TurtlebotLocationTracker() {
//AMCL = 1=
amcl_pose_sub = nh.subscribe("/amcl_pose", 10,
&TurtlebotLocationTracker::amclPoseCallback, this);

/) LEHEZ = int main(int argc, char** argv) {

odom_sub = nh.subscribe("/odom", 10, ros::init(argc, argyv, "turtlebot3_location_tracker");

&TurtlebotLocationTracker::odometryCallback, this);
}

TurtlebotLocationTracker tracker;
tracker.run();

void run() {
ros::Rate rate(1.0); // 1HzZ ¥/ X| G H|O|E
while (ros::ok()) {
ros::spinOnce();

return O;

}

// TF gt =0l
getTFTransform();

rate.sleep();

}
}
|5
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void turtle2PoseCallback(const turtlesim::Pose::ConstPtr& msg) {
turtle2_pose = *msg;

// Broadcast turtle2's transform

#include <ros/ros.h> tf::Transform transform;
#include <geometry_msgs/Twist.h> transform.setOrigin(tf::Vector3(msg->x, msg->y, 0.0));
#include <turtlesim/Pose.h> tf::Quaternion q;
#include <tf/transform_broadcaster.h> g.setRPY(0, 0, msg->theta);
#include <tf/transform_listener.h> transform.setRotation(q);
#include <cmath> br.sendTransform(tf::StampedTransform(transform, ros::Time::now(), "world", "turtle2"));
class TurtleFollower { }
private:
ros::NodeHandle nh; double getDistance(double x1, double y1, double x2, double y2) {
ros::Publisher turtlel_vel_pub; return std::sqrt(std::pow(x1 - x2, 2) + std::pow(y1 - y2, 2));
ros::Publisher turtle2_vel_pub; }
ros::Subscriber turtlel_pose_sub;
ros::Subscriber turtle2_pose_sub; double getAngleBetweenPoses(const turtlesim::Pose& posel, const turtlesim::Pose& pose2) {
tf::TransformBroadcaster br; return std::atan2(pose2.y - posel.y, pose2.x - posel.x);
tf::TransformListener listener; }
turtlesim::Pose turtlel_pose;
turtlesim::Pose turtle2_pose; public:
TurtleFollower() {
void turtlelPoseCallback(const turtlesim::Pose::ConstPtr& msg) { // Subscribers for pose
turtlel_pose = *msg; turtlel_pose_sub = nh.subscribe("/turtle1l/pose", 10, &TurtleFollower::turtle1PoseCallback, this);

turtle2_pose_sub = nh.subscribe("/turtle2/pose", 10, &TurtleFollower::turtle2PoseCallback, this);
// Broadcast turtlel's transform

tf::Transform transform; // Publishers for velocity

transform.setOrigin(tf::Vector3(msg->x, msg->y, 0.0)); turtlel_vel_pub = nh.advertise<geometry_msgs::Twist>("/turtlel/cmd_vel", 10);
tf::Quaternion g; turtle2_vel pub = nh.advertise<geometry msgs::Twist>("/turtle2/cmd_vel", 10);
g.setRPY(0, 0, msg->theta); }

transform.setRotation(q);
br.sendTransform(tf::StampedTransform(transform, ros::Time::now(), "world", "turtle1"));
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void update() {
// Turtle2 follows Turtlel
if (turtlel_pose.x != 0 && turtle2_pose.x |=0) {
double distance = getDistance(turtlel_pose.x, turtlel_pose.y,
turtle2_pose.x, turtle2_pose.y);
double target_angle = getAngleBetweenPoses(turtle2_pose, turtlel_pose);

geometry_msgs::Twist cmd_vel;

int main(int argc, char** argv) {

Linear velocity proportional to distance . " "
/1 y prop ros::init(argc, argv, "turtle_follower");

cmd_vel.linear.x = distance * 0.5;
// Angular velocity to align with target TurtleFollower follower;
double angle_diff = target_angle - turtle2_pose.theta;
// Normalize angle

while (angle_diff > M_PI) angle_diff -=2 * M_PI;
while (angle_diff < -M_PI) angle_diff +=2 * M_PI;

ros::Rate rate(10);

while (ros::ok()) {
ros::spinOnce();
follower.update();
rate.sleep();

}

cmd_vel.angular.z = angle_diff * 1.0;

// Limit velocities
cmd_vel.linear.x = std::min(cmd_vel.linear.x, 1.0);
cmd_vel.angular.z = std::min(std::max(cmd_vel.angular.z, -1.5), 1.5);

return O;

turtle2_vel_pub.publish(cmd_vel);
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