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URDF (Unified Robot Description Format) &t& = H#

‘URDFQ| 7|2 X9 2 0|3}
2 F(link)2 rzo_IE(Jomt) Ho| die &E
AlZtH @ A (visual)2b S =(collision) &%
<2t M (inertial) £ ™ol gt

= o
‘URDF I} A4S X CIHZ L
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EX I7|X]

2S£ ZW, URDF ¥&

Ats & EE(Differential Drive Robot)
1. URDF Package 445} 7|

$ mkdir -p ~/urdf_ws/src

$ cd ~/urdf ws/src
$ ros2 pkg create --build-type ament_python urdf_tutorial

XML odA|o| EE EE—II 39_|

-Xacro Il £ E AHE5t0] LIzt Bzt A D E AR et
2. A EH TS|
$ cd urdf_tutorial * src/urdf_tutorial E Of2f Ct& & EELE =7t
$ mkdir urdf e urdf: URDF Ot S X Z&st 24
$ mkdir launch * launch:ROS2 2 launch 23 HEE KT =0

RObOtics 4 Rokey
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3. setup.py

T =07 Aoty 2otE 4= Q== 'sre/urdf_tutorial/setup.py'S Of2{ 2} £ 0| HE

import os
from glob import glob
from setuptools import setup

package_name = 'urdf_tutorial'’

setup(

Robotics

name=package_name,
version='0.0.0",
packages=[package_name],
data_files=[

('share/ament_index/resource_index/packages',

['resource/' + package_name]),

sl o) v pachage name, [ pachage.ani 1),

(os.path.join('share', package_name,
(os.path.join('share', package_name,
(os.path.join('share', package_name,
1
install_requires=['setuptools'],
zip_safe= 3
maintainer="daeho’,
maintainer_email="daeho@todo.todo",
description="'TODO: Package description’,
license="'TODO: License declaration’,
tests_require=[ 'pytest'],
entry_points={
‘console_scripts': [
1,
¥

‘launch'), glob('launch/*.launch.py')),
‘urdf'), glob('urdf/*.xacro’)),
‘urdf'), glob('urdf/*.urdf’)),

*urdf = F7ISHM| 2.

Rokey
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EX O7|X] HS7| €5

4. 22 ool 0= 7|

‘src/urdf_tutorial/urdf/robot_1.xacro’ It ¥ = Br=11 Of 2} Z 0| HE

ion="1.0" .
Vi;iiz?xacrof'http://ros.org/wiki/xacr‘o" name="urdf_test" * Base L|nk EEO' D-llol EX-” (I—I%Ex-”)

« Wheels: 21 &1} @ EF HF| (F&Y)
name="base_link" « Joints: Hl—%lgl- H-llOlﬁS 974 |.E _JEOI_|E
name="body joint" type="fixed"

e « base_link: A&kt 54 232
« body: 7IE, MZE, =0] ZtZF 1m¢l &Kt
name="body"
« body_joint: base_link2} bodyE ™

*Gazebo @2 =2{10! LH&
=28 EHET, &) Jo

‘ROS =3 M

Robotics .

As 5 HALS: 7 BF 7t SEH 22 MY 7ts
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UHS7| €5

5. HX]|

‘src/urdf _tutorial/launch/robot_1.launch.py’ L} &

impo
from
from
from
from
from
impo

o alE7| =X A|2H9| LE HmiZf0|H, AH S5

rt os

ament_index_python.packages import get_package_share_directory
launch import LaunchDescription

launch.substitutions import LaunchConfiguration

launch.actions import DeclareLaunchArgument

launch_ros.actions import Node

rt xacro

generate launch description():
use_sim_time = LaunchConfiguration('use_sim_time")

pkg path = os.path.join(get_package_share_directory('urdf tutorial'))
xacro_file = os.path.join(pkg_path, 'urdf', 'robot_1.xacro")
robot_description = xacro.process_file(xacro_file)

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

return LaunchDescription([
DeclareLaunchArgument (
'use_sim_time',
default value='false',
description="Use sim time'),

Node (
package="'robot_state_publisher',
executable="robot_state publisher',
output="'screen',
parameters=[params])

Robotics

use_sim_time}

280ot= O ArE

20| B, 274K e

—

1d = LaunchDescription()

nodel = Nox

a) Launch

Rokey
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-
= —
AN EHW EO/20|A Ot HHS AAS|A At X ‘robot_1.launch.py’ IS A

$ cd ~/urdf ws
$ colcon build --symlink-install

RViz*

$ source install/setup.bash
$ ros2 launch urdf_tutorial robot_1.launch.py _""_g@ l === e e i

»a Views C)
Type: Orbit (rviz_defa ~ Zero

ma)

Background Color Ml eas a8 'Crre tView Orbit (rviz)

Frame Rate 30 ar Clip... 0.01
* @Globalstatuse.. [ Inver tZAxls
© Fixed Frame  Frame [map] does not. arget xed Frame>
» @ Grid v D Istand
Focal lsh ap.. OOS

Focal Shap..

Yaw 0 785398
Pitch 0.785398
* Focal Point 0;0;0

S B B0 OlM OF2) BHES HHohM RvizS A

$ cd ~/urdf ws

$ source install/setup.bash
$ rviz2

Add Savi Rem: Rename
© Time o
ROS Time: 1689349934.34 ROS Elapsed: 20.16 Wall Time: 1689349934.37 wall Elapsed: 20.16 Experimental
Reset 31fps

RObOtics 8 Rokey
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8.rviz2 2%
Display > Global Option > ‘Fixed Frame’= ‘base_link' 2 H4

RViz* - 0 x

@ PublishPoint 4 = 9_'

e Views

Eile Panels Help
(yinteract

|2 Displays °

~ @ Global Options

7 Move Camera JSelect FocusCamera == Measure # 20 Pose Estimate # 20 Goal Pose

-

Type: Orbit (rviz_defat ~ Zero

X XIClo
2 OFEHO| ‘Add’ > “TF > ‘OK’
~ Current View Orbit (rviz)

Near Clip... 0.01 r RVIz* <
Invert Z Axis

Target Fra... <Fixed Frame>
Distance 10

Background Color
Frame Rate 30
* ¥ Global status: Ok

v FixedFrame  OK file Ppanels Help

' @ v %
Grid Focal Shap... 0.05 (yinteract Move Camera Iselect Focus Camera — - |
Focal Shap... v |52 pisplays. 0 Ve °
st 0.785398 - & Global Options Create visualization
i i fa ~ Zero
Pitch 0.785398 ey link Type: Orbit (rviz_del
+ Focal Point 0;0;0 Background Color [l 48; 48; 48 By display type By topic * Current View  Orbit (rviz)
Frame Rate 30 - Near Clip ... 0.01

Fixed Frame

Frame into which all data is transformed before

being displayed.

Add
|© Time
ROS Time:  1689350000.42

Reset

Robotics

ROS Elapsed: 86.24

wall Time:

1689350000.45

wall Elapsed: 86.24

Save Remove

Rename

Experimental
31fps

o

~ v Global Status: Ok
v Fixed Frame OK
» @ Grid v

Fixed Frame
Frame into which all data is transformed before
being displayed.

© Time
ROS Time:  1689350087.24

ROS Elapsed: 173.06

Reset

@ Marker

%* MarkerArray

7\ Odometry
 Path

¢: PointCloud
PointCloud2
Pointstamped
wl Polygon

7 Pose

“Z PoseArray

¥ PosewithCovariance
¥ Range

¥z RelativeHumidity

Temperature
@ wrench

Description:

Invert Z Axis
Target Fra... <Fixed Frame>

Distance

10

Focal Shap... 0.05
Focal Shap... v

Yaw
Pitch

0.785398
0.785398

+ Focal Point  0;0;0

Displays the TF transform hierarchy. More Information.

Display Name

TF

© cancel

Save

wall Time: 1689350087.27

wall Elapsed: 173.06

Remove Rename

Experimental

31fps

o
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if7|xX| H=S7| €=

9. TF B7|

TFO| 512 &= S ‘Show Names’' S 41 E
=20 ‘base_link'2} ‘body’ 7t R F MEfE HO|= 7 29

_/ L—

RViz*

B 6 &
Eile Panels Help
(Minteract 57 Move Camera Iselect FocusCamera =>Measure .~ 2DPoseEstimate .~ 2DGoalPose @ PublishPoint 4
3 Displays Sl
- @ Global Options XA == 1
Fixed Frame base link 9 I —_— O E O ! ! ! ! !
Background Color Il 48; 48; 48 | —_—
Frame Rate 30 —
* ¥ Global Status: Ok
v FixedFrame  OK
+ @ Grid v - 5
- TF v RViZ*
File Ppanels Help
ow Axes (Hinterat % Move Camera Iselect FocusCamera & - s -
Show Arrows v rvizz x
Marker Scale 1 £ oisplays O
Update Interval 0 # Global Options Create visualization
Frame Timeout 15
» Frames Background Color By display type | By topic
+ Tree Frame Rate - -
‘ % , @ Marker
bal“dd‘lnk * ¥ Global Status: Ok ¢ MarkerArray
e v FixedFrame OK \ Odometry
+ @ Grid v ~ Path
i v. %: pointCloud
» ¥ Status: Ok %: PointCloud2
Show Names \d ® Pointstamped
Show Axes v i Polygon
Show Arrows v ~ Pose
Marker Scale 1 % PoseArray
Update Interval 0 ¥ PoseWithCovariance
Frame Timeout 15 ¥ Range
» Frames
Fixed Frame b lme . RobotModel ,
Frame into which all data is transformed before T
being displayed. M Temperature
@ wrench G
Add Description:
O ime ° Displays a visual representation of a robot in the correct pose (as
defined by the current TF transforms). More Information.
ROS Time: | 1689350201.00 ROS Elapsed: 286.82 Wall Time: |1689350201.03 Wall Elapsed: 286.82 Experimental
Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel: Zoom. Shift: More options. 31fps
Display Name
Fixed Frame
Frame into which all data is transformed before RobotModel
being displayed.
©cancel
© Time o
ROS Time: 1689350276.45 ROS Elapsed: 362.27 Wall Time: 1689350276.49 Wall Elapsed: 362.27 Experimental
Reset 3tfps

Robotics
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10. 2 Dl H 7|

RobotModel2| S}2| &5 & ‘Description Topic’= ‘/robot_description’ 2 2 H4

RViz*
Eile Panels Help
(Minteract 5 Move Camera Iselect #FocusCamera ==Measure  ~ 2DPoseEstimate .~ 2DGoalPose @ PublishPoint &
& Displays °
-~ ® Global optiffns
Fixed Frami base_link
Backg e
Frame Rate 30

~ v Global Status: Ok
v Fixed Frame OK
» @ Grid
> TF %
v’ Status: Ok
Show Names v
Show Axes v
Show Arrows v
Marker Scale 1
Update Interval 0
Frame Timeout 1
* Frames
+ Tree
* th, RobotModel v
+ v Status: Ok
Visual Enabled v
Collision Enabled
» Mass Properties
Update Interval 0
Alpha 1

5

TF Prefix
* Links

Description Topic
Topic where filepath to urdF is published.

Add
© Time
ROS Time: 1689350414.28 | ROSElapsed: 500.09 Wall Time: | 1689350414.31 Wall Elapsed: 500.09

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

Robotics

Experimental

31fps

L

11

'File' 0| 70| A 'Save Config As'S M Ef

Cancel Name [ robot.rviz I Q

{3} Home <  {Gtcchyun | Workspace = ros_ws Isrc urdf_tutorial = config I 2

Documents

Ko (W)

Downloads

Music

Pictures

Videos

C O e o

ros_ws

+ Other Locations

RViz config files v

Rokey



EX I7|X]
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11. ;.= 9 BT Ol

Al R B O] 20| A Of2lf BE = 20| rgt_graph= 2

$ rgt_graph

r

rqt_graph__RosGraph - rqt
#{Node Graph D® -0
Nodes only - ||/ / B3 & @
Group: 2 | Namespaces Vv Actions v tf v Images | V! Highlight v/ Fit
Hide: v Deadsinks Vv Leaftopics v Debug

/robot_state publisher:

tf v Unreachable v Params

‘robot.launch.py’E 0| &3 Al 23t Node
/transform_listner_Impl:

rviz20f| A A 243 Node
/robot_state_publisher A ftransform_listener_impl_5651109fd700
Jtf_static

‘/robot_state publisher’ Node+=
‘/transform_listner_Impl’ NodeOf| A|
‘ftf’, ‘Itf_static’ 5 7 2 topicg HE

Robotics

12
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EX Ij7|%
2R Ij7|X| BHE7| ME

12. 4 SHN 2 M H

src/urdf tutorlaI/urdf/robot_l.xacro’ o3 ofeflet &0 =73
version="1.0

xmlns:xacro="http://ros.org/wiki/xacro

name="urdf_test"
name="white"

rgbha="11 1 1

- material white: ?|Z 0| 2l S #5}t= white materialS 4
AMALS rgba BF 12 X[ ; (MAO] #Q: 0~1)
« body link material: body linkOfl 20l A x|t
name="base_ link"
name="body_joint" type="fixed"
link="base_ link"

link="body"

white material2 X| ™

name="body"

size="1 1 1"

name="white"

$ cd ~/urdf ws

$ colcon build --symlink-install
$ source install/setup.bash

Robotics

$ ros2 launch urdf_tutorial robot_1.launch.py
HEE wS Brgotr| 2o A
'CTRL+C' 7| & 2

|
H

4 BW E{O|Y |A
2 ROS2E ER8H &
13

Rokey
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EX O7|X] HS7| €5

12. HIC| & | E < (cylinder) 2 HE

‘src/urdf_tutorial/urdf/robot_1.xacro’ It €= Of2lj et £ 0| =7

t name="body_joint"
link="base link
Link="body

radius="1"

name="white

Robotics

geometry Ej 1= =

Box (&AH

<geometry>

<box =

</geometry>

Sphere (7+4)

<geometry>

<sphere

</geometry>

14

ol Zt dA(link)e| 2Z = ZES

Cylinder (¥7]&)

<geometry>

<cylinder

</geometry>

<geometry>
<mesh

</geometry>

Rokey
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EX I7|X]
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13. Al 5ot 55 RE| £
URDFO{| A visual Ef 12} collision Ef 2H0f| 2= 2 geometryE 7H 2
ol E S0, AlIAdH == O+ & AMESHK|T, 5= ZE 2 7IEet BoxE d2| 7ts.
STL mtY =4

e meshE A2 = stl E= .dae THYO| EQ
« Blender, SolidWorks, FreeCAD SOA 3D R EHE A,

Robotics 15 Rokey
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ozt
fd

Robotics

TF2(Transfor Framework)?2

16
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25 07| X| ]

TF27} 2€a°t 0|

12X AM2ES| ZtaA 2
22 O WA (ErOICH 7L 2}, IMU S)2F FE(HHF, &2 S
2 FE0F MLl X HAE ¥ eE B
TF2= Ol2{et ZtaA BEs N2 Mo =3 /3

22t 5713t
IPSIE (o] )=Ead 4 gyt

—

TR2E= AlZHOf 2 =}

kel
érlru
z
ME g
ot 'S
mo =
o >
Ia}
O rin
0 =
HU
HT
I
_>.|.L
i)

https://with-rl.tistory.com/entry/ROS2-Transformation-System-TF2

RObOtics 17 Rokey



EX I7|X]

SLAMOJ|AM TF22| Ze/d

!

« SLAMZ F3st=0| TR A
- dalol ZtHEA Het ¢0|= MA HO|HE SHIEA S8 = ¢, ZupHo 2 Metoh X| & -1 K|
F=™0| 27t

1404 Bl0|E S
SLAME 0{2{ MAMQ| HIO|HE E%6t0 X|EE A
ME CF2 MAo| HO[E|S SlLto| ZHEAZ Hes
2.2EHO| 0|5 =4
-base_link(EE Z ALt odom(FH 7|F) 7t9| HEk
'mapdt odom AO[2] H=t
0|2t HEIE2 SLAMO| sHAl @ AQIL|CH

3./01A Z 2| Eg0]-d

-2}O[CtLE ZHH[2tS| HH| A 2K S F=to| B EoHOF 2 LICk
TR2E Sofl dAel K| A E Zolotil £elg = A LIL

Robotics 8

Rokey
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o2t
fd

TF2, Map2l Odom HE

"2X0| d4ots Arelel X2t "=l HH| FIKX|" AMO|2] kO] S A Lol B

1.2 =2 el o|n|
‘map =&

v A MA ZEA

v EXO0| XFot= TN =2E 9

v FE @AM IMU S MMERE At

220 EEHOAM 1m MAMCID 7S 22 S LTt
codom ZZA0A= =S| 1m O| s/t FH
SFX| Tt MA| map ZH YO A= HFEO| OJI1 2R A 0.9mEt 0|5 Al

=> O|2{ot Xt0| & E-F3H7| 25 mapdt odom AtO[2| H#H2t0| R

3.SLAMOf|A{ Q| gt
SLAM2 X|£H O 2 mapidt odom AHO|S| BEHS 7| At
O0|F &l LEHEZ[S +& 2XF B
ANMoE 2RO A fX|(map Zg HE HSHA =

Robotics E

oz

Rokey
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Robotics

XIS 0|5 22 URDF - 2

20
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28 17| x| Snl
EX O7|X| BS7| €5
1.ROS E& ZtH
IX|of Ciot A2 x,y, 23702 ZtHE BN
a) base_link =2{ &
E2X9| 7|E IR
220 SANS UNoR M}
DE 2% BEo| 4TfN 9K Hol
b) odom Z=2f &
HO 0 XHE
250| £7| YX|E Ao MY
=X 0|5 72| =X
c) map T2 &
map_to_odom = TransformStamped() '2|-7:| Ol ™ X'” X|E —;E|-—'H'—7:"
map_to_odom.header.frame_id = 'map’ *SLAM O‘”A‘I 3_9__0:; _;El'_-l?l-_7:”
map_to odom.child frame id = ‘odom’ S| EH |. ey X—” al
RObOtics 21 Rokey
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2. src/urdf_tutorial/urdf/robot_2.xacro

<7txml version="1.0"7>
<rohot xmlng:xacro="http://www. ros.org/wiki/xacro" name="urdf_tutorial">

<material name="white">
<color rgha="1 111" />
</material>

<link name="base_|ink">
</ link>

<joint name="body_joint" type="fixed">
<parent |ink="base_link"/>
<child |ink="body"/>
<origin xyz="-0.12 0 0"/>
</joint>

<link name="body">

<visual>
<origin xyz="0.1 0 0.03"/>
<geometry>

<hox size="0.2 0.1 0.08"/>

</geomet ry>
<materizl name="white"/>

<fvisual>

</ 1ink>
</robot>

Robotics

22

schematypens=
format
ADDBOT description
0.0.0

TODO: Package description
email="du@tod 0" =>du
TODO: License declaration

ament cmake
Xacro
joint state publisher
joint > publi r gui
robot state publisher
ament lint auto

ament lint common

ament cmake

Rokey
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EX O7|X] HS7| €5

3. src/urdf tutorial/launch/robot_2.launch.py

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 DeclarelLaunchirgument

from launch_ros.actions import MNode

impart xacro

def generate_launch_description():
use_sim_time = LaunchConfiguration{ use_sim_time")

pka_path = os.path. join{get_package_share_directory("urdf_tutorial ™)}

xacro_file = os.path.joinlpkg_path, "urdf", "robot_2 xacra")

robot_description = xacro.process_filelxacro_file)

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

return LaunchDescriptiont
[
Dec larel aunchirgument ¢
"use_sim_time", default_value="false", description="use sim time"

),

Node(
package="robot_state_publ isher", $ Cd N/Urdf_WS
executab le="rohot_state_publisher", $ COlCOﬂ bu||d __Sym“nk_insta”
output="screen", i

) parameters=[params] , $ source |nSta”/SetUp.baSh

$ ros2 launch urdf_tutorial robot_2.launch.py

Robotics 23 Rokey



j{ 7| X|

nels Help

f™interact " Move Camera

2 pisplays
~ & Global Options
Fixed Frame map
Background Color [l 48; 48; 48
Frame Rate 30
~ @ Global Status: E
@ Fixed Fram
» @ Grid Cancel
) Recent
Gt Home

[ Documents
¥ Downloads
I Music

& Pictures
B Videos

B ros_ws

Add

© Time
ROS Time: 1689654809.79

Reset

Robotics

Focus Camera

¢

(3t cchyun

ROS Elapsed: 171.30

= Measure

RViz*

# 2D Pose Estimate

Choose a file to open

Workspace = ros_ws | src

Wwall Time: 1689654809.82

# 2D Goal Pose

urdf_tutorial

@ PublishPoint &+ =

config

4. Rviz | 57 0| A 'File' >> 'Open Config' A1 EH

RViz config files v

Wall Elapsed: 171.30

=

S
-

O| A

N
[
@ Views ]
Type: Orbit (rviz_defau ~ Zero
~ Current View Orbit (rviz)
Near Clip ... 0.01
Invert Z Axis
Target Fra... <Fixed Frame>
Distance 10
Focal Shap... 0.05
Focal Shap... v
Yaw 0.785398
Pitch 0.785398
» Focal Point 0;0;0
Save Remove Rename
19

Experimental

31fps

24

AL S SLV S IPA

oot

File panels Help

interact | 5 Move Camera

~ @ Global Options
Fixed Frame
Background Color
Frame Rate
* v Global Status: Ok
v Fixed Frame
» @ Grid
. TF
» v Status: Ok
Show Names
Show Axes
Show Arrows
Marker Scale
Update Interval
Frame Timeout
Frames
+ Tree
* i, RobotModel
= ¥ Status: Ok
v Topic
v" URDF
v base_link
v body
Visual Enabled
Collision Enabled
Mass Properties
Update Interval
Alpha
Descriotion Source

Add
© Time
ROS Time: |1689654925.72

Reset

config ULt &

ol

viz* - RViz a x

Iselect Focus Camera

base_link
W as; 48,48
30

oK
v
v

<<<

s20a

1 messages received
URDF parsed OK
Transform OK
Transform OK

v

Tooic

ROS Elapsed: 287.23

Measure 20 Pose Estimate

7 0GoalPose @ PublishPoint -

o

°

wall Time: 168965492575 wall Elapsed: 287.23 Experimental

31fps

Rokey



25 07| X| ]

[ /home/cchyun/Workspace/ros_ws/src/urdf_tutorial/config/robot.rviz* - RViz - o x
Eile Panels Help
. . . . _ . bhl act “ Move Camera _aSele Focus Camera == Measure # 20 Pose Estimate # 20 Goal Pose 9 Publish Point + -
<jaint name="left_whesl_joint" twpe="continuous"> = o _ :
. 1 N 1 ‘um 0
<parent link="base_link"/> [~ ® Global Options E
. N Fixed Fi b link
<child link="left_whes!|"/> | escgoundcolor WG 4848
<gorigin xyz="0 0.065 0" rpy="-%{pi/2} 0 Q0" /> o o b [
{axis Xyz:“[j D 1 “f) L @:rif’lxedFrame ?K
I v ) TF v
<xJO|nt> » v Status: Ok
Show Names v
o " n Show Axes v
<l ink name="left_whes|"> Sow At 2
<\-" | saa | = Update Interval (]
Frame Timeout 15
<geometry> " Frames
<cvlinder radius="0.03" lenath="0.03"/> - © RobotModel v $ 2
~ @ status: Error
<Saeometrys v Topic 5 inesages received
N v URDF URDF d OK
<material name="hlue"/> ¥ base link franafoin OK
. v bod T F oK
<f’f\-" 1=Ua | * Q '.:gmeel Nr:'z‘rsa:;:rm from [left_whe.
</ ink> Coliision Enabled -
* Mass Properties
Update Interval ]
Aloha 1 .
Add
\O Time o
ROS Time: 1689655294.23 ROS Elapsed: 655.74 wall Time: 1689655294.26 Wall Elapsed: 655.74 Experimental
Reset 31fps

RObOtiCS 25 Rokey
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!

EX I7[%|

EX O7|X] HS7| €5

5. URDFO| A <joint type> 2 2&0| &3 7F HAZA uhAl

1.continuous (A=)
AT 2| ™ 7t
= Hot Bla
2 HRF[LE 2™ 220 A

or

N—r’

2.revolute (2|

HE 2t el oM 2
A 2/2T) 22 Foh S
M

EX EE, & 22 S0 AE

Robotics 26 Rokey



EX I7|X]

‘joint_state_publisher_gui’Of| A| ‘left_wheel_joint’ 2f= H 4

6. joint_state_publisher_gui Ublish -
left_wheelO| 2|8 5t= A 20!

$ ros? run joint_state_publisher_gui ioint_state_publisher_agui

r

1file Panels Help

/home/cchyun/Workspace/ros_ws/src/urdf_tutorial/config/robot.rviz* - RViz

Joint State Publisher —

fryinteract | *&*Move Camera [ JSelect FocusCamera =@ Measure .~ 2DPoseEstimate .~ 2DGoalPose @ PublishPoint ¢
= Randomize
3 Displays o
~ # Global Options £ Center
Fixed Frame base_link
Background Color M 48; 48; 48 left_wheel_joint
Frame Rate 30
~ v Global Status: Ok
v’ Fixed Frame OK
» @ Grid v [/ 3
v TF v rqt_graph__RosGraph - rqt - o x
» v Status: Ok
show Names v #.Node Graph
Show Axes v - - —
Show Arrows v = | | Nodes only .|l/ / =3 | @
Marker Scale 1)
Update Interval 0 Group: 2 |+ Namespaces Vv Actions v tf v Images | v Highlight v Fit
Frame Timeout 15
» Frames Hide: v Deadsinks V' Leaftopics v/ Debug tf v/ Unreachable v Params
lBE 4 <
#h, RobotModel v
~ v Status: Ok
v Topic 3 messages received
v/ URDF URDF parsed OK
v’ base_link Transform OK
v body Transform OK
ommbed B S e I T
Collision Enabled T
» Mass Properties
Update Interval 0
Aloha 1 %
Add
| Time °

ROS Time: 1689655665.43

Reset
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ROS Elapsed: 1026.94 Wall Time: | 1689655665.46 Wall Elapsed: 1026.94
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7. right_wheel_joint 8. Caster Wheel 3=7}5}7|
<joint name="right_whee|_joint" type="continuous">
<parent |ink="base_link"/> i _n Coe i S et
<child |ink="r ight_uhes!"/> oI emes Cne T e et e e
<or!gin syz="0 -0, 065 0" I’DB-"=”${D”2} oo /= <child |ink="caster_whee|"/>
Seds wa=tl 0 AR <origin xyz="0.03 0 0"/>
</joint> <Aioint>
<link name="right_whee|"> <link name="caster_wheel">
<yisual> <yisual>
<geometry> < frye
<cylinder radius="0.03" length="0.03"/> geo@:pgzre radius="0. 03"/ >
</geometry> ey '
<material name="blue"/> <material name="hlack"/>
<fvisual> <fvisual>
</ ink> </ ink>
. . oy H
base_linkO|| 'continuous' &4 £ &l
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. . name="ac ced link">»
9. Collision =7} e

<link name="caster_wheel">

<link name="hbody"=> <yisual>
<yisual= <geonetry>
<origin xyz="0.1 0 0.03"/= <sphere radius="0.03"/>
<geanet ry» <fgeonet ry>
<box size="0.2 0.1 0.06"/> <material name="black"/>
<fgeomet ry> <fvisual>
<material name="white"/=> <collision>
<fvisualz <geomnet ry>
<collision= <sphere radius="0.03"/>
<origin »yz="0.1 0 0.03"/= <faeomet ry>
<HEOMETL Yy <fcollision>
<box size="0.2 0.1 0.06"/= </ ink>

<faeonet ry»
<fcollision
</ link>

<link name="riaht_wheel">
<yisual>
<apomet ry>
<cylinder radius="0.03" length="0.03"/>
<fgeonet ry>
<material name="blug"/=>
<fvisual>
<collision=
<geometry>
<cylinder radius="0.03" lenath="0.03"/>
<fgeonet ry>
<fcollision®
< link>
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Thin cylindrical shell with open

ends, of radius r and mass m.

This expression assumes that the

shell thickness is negligible. It is a -
special case of the thick-walled

cylindrical tube for r; = r>. Also, a b
point mass m at the end of a rod

of length r has this same moment

1 I=~mr? 11

of inertia and the value ris called

the radius of gyration.
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1. 282 20|=2|, Ij7|X| 2X|

$ pip install numpy

$ pip install opencv-python
$ sudo apt install ros-humble-tf-transformations

2. 9|3 240 A BLuj7|X| 48

$ mkdir —p ~/car_ws/src
$ cd ~/car_ws/src/
$ ros2 pkg create --build-type ament_python car_tutorial

$ cd ~/car_ws/src/car_tutorial
$ mkdir urdf launch config photo

RObOtiCS 32 Rokey
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3. 0|00 K| M%

M eksh 37|29 (400 x 300) O|O|X| £
" src/car_tutorial/photo/photo.png"Off X &

$ wget -O photo/photo.png [0]0]X|url]

tf publisher
EXS IISRUCH 2X0| 75| JEe[= F

E| = link2t map2| transform= publishSll =& node =

Robotics .
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O 7| X| AHAd Ol AlSH
H I I co X = self.msg = Twist()
self.raw_vel = Twist()

self.bridge = CvBridge()
4_ driver _LIZE I—II-AO-I self.image = cv2.imre§d("src/car_tgtoriaI/photq/photo.png", FVZ.IMREAD_COLOR)
selfimg_msg = self.bridge.cv2_to_imgmsg(self.image, encoding="bgr8")

. . . # subscriber

SrC/Ca r_tUtorIaI/Ca r_tUtorlal/drlve r. py self.sub_cmd_vel = self.create_subscription(Twist, "cmd_vel", self.cmd_vel_callback, 10)
# publisher

import cv2 self.pub_vel_raw = self.create_publisher(Twist, "raw_vel", 10)

import rclpy self.pub_joint_states = self.create_publisher(JointState, "joint_states", 10)

from rclpy.node import Node self.pub_img = self.create_publisher(Image, "image",5)

from rclpy.executors import MultiThreadedExecutor # timer

from cv_bridge import CvBridge self.timer_1 = self.create_timer(self.timer_frequently, self.publish_jointstate)
self.timer_2 = self.create_timer(self.timer_frequently, self.publish_raw_vel)

from geometry_msgs.msg import Twist self.timer_3 = self.create_timer(5.0, self.publish_image)

from sensor_msgs.msg import JointState

from sensor_msgs.msg import Image def cmd_vel_callback(self, msg):

self.get_logger().info(f"recv cmd_vel message {msg}")
self. msg = msg
class Driver(Node): selflinear = msg.linear.x
def _init__(self): self.angular = msg.angular.z
super().__init__("drive")
def publish_raw_vel(self):

# Parameters ‘ self.raw_vel= self.msg
self.wheel_separation = 0.1 self.pub_vel_raw.publish(self.raw_vel)
self.wheel_diameter = 0.03
self.timer_frequently = 0.1 def publish_jointstate(self):
# init variable # wheel speed
self joint_states = JointState() o selfwheel_speed[0] = self.linear - self.angular * selfwheel_separation / 2.0
self joint_states.header.frame_id = "joint_states" self.wheel_speed[1] = selflinear + self.angular * self.wheel_separation / 2.0
self joint_states.name = ["left_wheel_joint", "right_wheel_joint"]
self joint_states.position = [0.0, 0.0] # wheel rotate speed
' self.wheel_rotate[0] = self.wheel_speed[0] / (self.wheel_diameter / 2.0)
self.linear = 0.0 self.wheel_rotate[1] = self.wheel_speed[1] / (self.wheel_diameter / 2.0)

self.angular = 0.0

self joint_states.header.stamp = self.get_clock().now().to_msg()
self.wheel_speed = [0.0, 0.0] self joint_states.position[0] += self.wheel_rotate[0] *self timer_frequently
self.wheel_rotate = [0.0, 0.0] selfjoint_states.position[1] += selfwheel_rotate[1] *self.timer_frequently
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# publish
self.pub_joint_states.publish(selfjoint_states)

def publish_image(self):
try:
self.pub_img.publish(selfimg_msg)
except:
return

def main(args=None):
rclpy.init(args=args)
driver = Driver()
executor = MultiThreadedExecutor()
rclpy.spin(driver, executor=executor)
driver.destroy_node()
rclpy.shutdown()
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name="body"
xyz="0.1 0 0.03"

size="0.2 0.1 0.06"
src/car_tutorial/urdf/car.xacro L

version="1.0"

xmlns:xacro="http://www.ros.org/wiki/xacro" name="urdf_tutorial" Xyz="0.1 0 0.03"

size="0.2 0.1 0.06"

name="white"
rgba="1111"

name="blue"

rgba="0011"
name="left_wheel_joint" type="continuous"

link="base_link"
name="black" link="left_wheel"
rgha="000 1" xyz="0 0.065 0" rpy="-${pi/2} 0 0"
xyz="00 1"

name="red"
rgha="100 1" name="left_wheel"

radius="0.03" length="0.03"

name="base_link"
name="black"

name="body_joint" type="fixed" radius="0.03" length="0.03"

link="base_link"
link="body"
xyz="-0.12 0 0"

Robotics




s A5 2 7%

o 7|x] 4’8

Robotics

name="right_wheel_joint" type="continuous"

link="base_link"
link="right_wheel"
xyz="0 -0.065 0" rpy="${pi/2} 0 0"
xyz="0 0 -1"

name="right_wheel"

radius="0.03" length="0.03"

name="black"

radius="0.03" length="0.03"

name="caster_wheel_joint" type="fixed"
link="body"
link="caster_wheel"
xyz="0.03 0 0"

name="caster_wheel"

radius="0.03"

name="black"

radius="0.03" length="0.03"

name="caster_wheel_joint" type="fixed"
link="body"
link="caster_wheel"
xyz="0.03 0 0"

name="caster_wheel"

radius="0.03"

name="black"

radius="0.03"

name="camera_joint" type="fixed"
link="body"
link="camera_link"
xyz="0.20 0 0.03" rpy="0 0 0"
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name="camera_link"

size="0.01 0.03 0.03"

name="red"

size="0.01 0.03 0.03"

name="camera_optical_joint" type="fixed"
link="camera_link"
link="camera_link_optical"
xyz="0 0 0" rpy="${-pi/2} O ${-pi/2}"

name="camera_link_optical"
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import os

from ament_index_python.packages import get_package_share_directory
from launch import LaunchDescription

from launch_ros.actions import Node

import xacro

o 7|x] 4’8

6. launch &HM

src/car_tutorial/launch/car_tutorial.launch.py

generate_launch_description():
package_name = "car_tutorial"

pkg_path = os.path.join(get_package share_directory(package_name))

# Ecé' 7§5|9| H'I-OEI Xlg xacro_file = os.path.join(pkg_path, "urdf", "car.xacro")
robot_description = xacro.process_file(xacro_file)
params = {"robot_description": robot_description.toxml(), "use_sim_time":

rsp = Node(
package="robot_state_publisher",
executable="robot_state publisher",
output="screen",
parameters=[params],

)

rviz = Node(
package="rviz2",
executable="rviz2",
# L E IC->|9| name="rviz2",
output="screen",
arguments=["-d", "src/car_tutorial/config/car.rviz"],

driver = Node(
package="car_tutorial",
executable="driver",
output="screen",

return LaunchDescription(

[
o~ r‘spJ
# _LI:E )L,Z!C’OH rviz,
driver,

D)

Robotics .




= ?.E H 1 .3 |
xI'o:: S X '“'H;le = -
kol x =
HA| ofY - 7} 715
H." El_l:ll E_I SPS| from launch.actior)s import.Declar‘eLaunchAr‘gljlment .
= O from launch.substitutions import LaunchConfiguration
DeclareLaunchArgument('use _sim time', default value='false'),
Node (
parameters=[{'use sim_time': LaunchConfiguration('use_sim time')}]
X7 = A|-<'5H from launch.conditions import IfCondition
TUHFE 2
Node (
condition=IfCondition(LaunchConfiguration('condition_var"))
E = H_'.Ol T ot from launch.actions import IncludeLaunchDescription
|-'— |aunCh = -_ITI_- = from launch.launch_description_sources import PythonLaunchDescriptionSource
IncludeLaunchDescription(
PythonLaunchDescriptionSource(['/path/to/other/launch/file.launch.py'])
)
7|Ef: O|HIE =2, 082
-
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src/car_tutorial/setup.py

.l_
L

import os
from glob import glob
from setuptools import find_packages, setup

7. setup.py &8

- colcon HEIE AlﬁEE'l!O'" (_3_| 'c')'H Af%ElO—I package_name = "car_tutorial”
(
71X WE % X
- paCkagexmlJ_‘l'l- -OI;II-J).” EHalxl —T'I'ggl -6_I'|IADI _9__).\_ \F;EZE;EZ;=1GC::Lg<‘1fp;lCkages(exclude:["test”])J
data_files=[

("share/ament_index/resource_index/packages",
["resource/" + package_name]),
("share/" + package name, ["package.xml"7]),

° HH?'X' IO-IE IO-I_(_)_l (os.path.join("share", package_name, "launch"), glob("launch/*.launch.py")),
g 4 o ! (os.path.join("share", package_name, "config"), glob("config/*")),
=t XN A 59_ EIHIO|IEH = X| & (os.path.join("share", package_name, "urdf"), glob("urdf/*.xacro")),
| = tH = =0 o | [Hl r 1' | 1 = | © (os.path.join("share", package name, "photo"), glob("photo/*.png"))
e =M MO . .
© 10O - L install_requires=["setuptools"],
— I 4| zip_safe= S
'U'H9|X|7|- E-QE Ol': EI- ROS 2 'llH;leL'- maintainer="daeho",
= maintainer_email="daeho@todo.todo",
Python E.l‘Ol = FI—'I ElE %:1 | description="TODO: Package description",
license="TODO: License declaration",
° AE-IX| EH AOI' X|Io-| tests_r‘eguir‘e:["pytest"],
entry_points={
SH =0T "console scripts": [
o |-E’ Python EE’ [:‘”Ol E-I J-LI- o H?leO‘” "driver = car_tutorial.driver:main",
= = = o 1,
oE g2 g2 ),
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$ cd ~/car_ws
$ colcon build —symlink-install

$ source install/setup.bash
$ ros2 launch car_tutorial car_tutorial.launch

9. rviz &N
Add -> TF
Add -> RobotModel
Add -> Image

Global Options > Fixed Frame : base_link
RobotModel > Description Topic : /robot_description
Image > Topic : /image

File -> Save Config

Robotics

42

1 pisplays
~ & Global Options

Fixed Frame base_link

Background Color
Frame Rate
~ " Global Status: Ok
v Fixed Frame
b < Grid
b ou-TF
~ i, RobotModel
» " Status: Ok
Visual Enabled
Collision Enabled
b Mass Properties
Update Interval
Alpha

Description Source

v Description Topic
TF Prefix
b Links
- @ Image
» v Status: Ok
b Topic

W 48; 48; 48
30

OK
v
v
v

v

0

1

Topic
Jrobot_description

v

jimage
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This node takes keypresses from the keyboard and publishes them | XF
as Twist/TwistStamped messages. It works best with a US keyboard layout. ul Il Ol JI kl Il ml o 9 E 1
Moving around:

u i 0

j k 1

m B

For Holonomic mode (strafing), hold down the shift key:

anything else : stop

rease max speeds by 18%
fdecrease only linear speed by 18%

rease only angular speed by 16% https://with-rl.tistory.com/entry/URDF%EB%A5%BC-%EC%ID%B4%EC%IA%AI%ED%95%9C-%EA%B0%84%EB%8B%A8%ED%I5%9C-
%EB%A1%9C%EB%B4%87-%EB%AT%8C%EB%I3%A4%EA%BB%B0-3
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Odom

1. Odometry

-2X9| X[ Bets FHol= 7=
~AM OIOJHE 7[R 2 2X9| 0|5 B2 At

59 HE: K| S5, 4y

2. ROS2 Odometry | A[X] &

der header

std msgs/Hea
string child frame id

oselWithCovariance pose

istWwithCovariance twist
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Odeom

publish
3. Odometry ==

er.frame id = 'odom’

m.child frame id = "base link’

caster = TransformBroadca
transtorm = TransftormStamp

transform.header.frame id = "odom’

.timer = self.create ti

transform.child frame id = ‘base link'

0.1,

5

transform.transform.translation.x =

transform.transform.translation.y

46 HUMAN Al ROBOTICS



Odom

4. FakeDriver 7§ 4

body_link

wheel2_link

I BB e }’rgf.‘{l'{" " —
?> 0.3
D XSRER A 4 :
: ., REMEY&T) |
i * . RE/UY (BT g A
: . Floijz} sted wheell link '
T _ g 0.1
R et L L L EEEEE Rt Asel . first frame ——
dan b i ~'*~ --------------------- f ] 0
Rt S R L I > Yy ®
S s @Y .
; X
5 , 0.3 NP —
: AR EY) ' . .
; ‘l ------------------ ;---- ‘ 0.3
5 Keyboard) .
o Controller)”™ T - i
_— P 7T 1T F—— e AU (] L
. e B
Keyboard Controller: At-&X}o| gigk/& = £ K| O OPEO%:' HZ2 Top:c RS 23715
—t I_ D~ A - .
Real Driver: AFS A0 /£ 2 S XM|05t= @3S B D AX AASXe| de/E£29 = X 7t 2t 2 ™

MM TopicL B &
Odometry: IFEXPO| I:”"t/“—50| 7Si4
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Odom

5.car_odom 2D &

DriverOf| Al & =/ ek0f Cliot S8 E EUE O] g5 7| =22 2 HA A S O| M At Are| 2H 2| K| ALt

ROS2
Odometry
. XS R AN [
- - RS (&)
xﬁf AR ‘
Y .
o SN
T Fake |- S5/48 ®ug &3 o2 AR :
. Fulet s Driver [ « 7h& 7ioi2} &4 4
X!
Yo
s
SE/4% (3D) (”)
0
0
c, @ >

o

Controller
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6. Odometry 2|3l

GREREE
= (x,Y)

2 HEY

P=(x,y)

(

\‘ B ,
113’ B CcOS 9 o 51119) ( T ) \\ /,/
Yy’ sinf cosé@ Y

0yy.y:,1_lzcl>l-ok0§ O|Ej.|E_|OI|_||:|._

° 77 z%%*ok_i O|% Az Lt

o BxOx: x=1—E 7|Z=O 2 HE A|A Htsto 2 3| MSH 2

> Oyby: y=1-e 7|Z=0 2 H A7 HSFo 2 B| MBSt 2t
;

—_

—

zd
0 0202: 2 =2 7|FTO 2 Ht A| A HisFo 2 3| MSH 2

- — 1

2 X ZZHO A (x,y,0)(x,y,0) 37H2| ZfS =2 HH

ERIEIE
HOE TS 4

D
D
rc
>
N
OE |0
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6. Odometry XI-&X}2| 2| X| H=}

y(g)

%

P(S)

(x(g) &) 9(8))

? 2 2 zz

AP

© = (Ax©@, Ay©, AGL) = (3,1,1/6)

P(S) — (x(g.')

2 1 ? zl

®, 0 = (4,2,7/2)

50

—sin 9&5:] 0 Az

cosf 0

0
0
1

0

)

ﬁy (c)
1/ \ ag?

3 3
1 — 5
/6 27/3
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7. static_transform_publisherE O| 2%t TF2 7| &

$ rosZ2 run tf2 ros static transform publisher 2 1 0 0.785 0 0 world robot 1

©210:x%,y,z XHEE x=2, y=1, z=00| 2f= 2| 0| ¥ L|C}.
o 0.785 0 0: = yaw, pitch, roll 22 = HtA|A| BSFO 2 45° n/4an/4 Bt S 2| M St2H= | 0| QI L Lt
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H71x] 49 X 22 sofoeta 200
self.delta_z = 0.0
1. odom L E Ak ii:?ﬁiiﬁ 2 00
| — 1 e selfpos_z = 0.0
src/car_tutorial/car_tutorial/odom.py self.tf_broadcaster = TransformBroadcaster(self)

# subscriber
self.sub_cmd_vel = self.create_subscription(Twist, "raw_vel", self.raw_vel_callback, 10)

import numpy as np # publisher

self.pub_odometry = self.create_publisher(Odometry, "odom", 10)
import rclpy # timer
from rclpy.node import Node self.timer = self.create_timer(self.timer_frequently, self.publish_odometry)

from tf2_ros import TransformBroadcaster

from geometry_msgs.msg import Twist def raw_vel_callback(self, msg):
from geometry_msgs.msg import TransformStamped self.get_logger().info(f'recv cmd_vel message {msg}")
from nav_msgs.msg import Odometry self.linear = msg.linear.x

self.angular = msg.angular.z

from tf_transformations import quaternion_from_euler
def publish_odometry(self):

self.delta_x = self.linear * np.cos(self.pos_z) * self.timer_frequently

class Odom(Node): self.delta_y = selflinear * np.sin(self.pos_z) * self.timer_frequently
def _init__(self): self.delta_z = self.angular * self.timer_frequently
super().__init__("odom")
self.pos_x += self.delta_x

# Parameters self.pos_y += self.delta_y
self.timer_frequently = 0.1 self.pos_z += self.delta_z
# init variable g = quaternion_from_euler(0.0, 0.0, self.pos_z)
self.linear = 0.0
self.angular = 0.0 # Odometry
odom = Odometry()
selfvel x = 0.0 odom.header.stamp = self.get_clock().now().to_msg()
selfvel_y = 0.0 odom.header.frame_id = "odom"
self.vel_z = 0.0 odom.child_frame_id = "base_link"
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import numpy as np

import rclp
from rclpynode import Node
from tf2_ros import TransformBroadcaster

odom.pose.pose.position.x = self.pos_x

odom.pose.pose.position.y = self.pos_y def main(args=None):
odom.pose.pose.position.z = 0.0 rclpy.init(args=args)
odom.pose.pose.orientation.x = q[0] odom = Odom() ,
odom.pose.pose.orientation.y = q[1] rclpy.spin(odom)
odom.pose.pose.orientation.z = q[2] odom.destroy_node()
odom.pose.pose.orientation.w = q[3] rclpy.shutdown()

msg import Twist
ry_msgs.msg import TransformStamped
sgs msg import Odometry

a

selfdelta x = 00
selfdeltay = 00
selfdelta z = 00

self.vel_x

selfpos.y = 00

odom.twist.twist.linear.x
odom.twist.twist.linear.y
odom.twist.twist.linear.z
odom.twist.twist.angular.x
odom.twist.twist.angular.y
odom.twist.twist.angular.z

O O . . selfpos_z = 00
. if _name__ =="_main_":
0.0 main() U b g, ol el 10

# publisher
00 seltpub.odometry = sefcreate_pubisher(Odometry, “odon’, 10)
aw_vel_callback(self, mso)
.

: def
selfget_logger(infolrecv cmd_vel message {msg))

self.vel z g
.

msgangularz
def publish_odometry(sel)
self delta x = selffinear * np.cos(self pos_2) * selftimer_frequently
selfdelta y = selflinear * npsiniself pos 2) * self timer frequently

# TF e
t = TransformStamped() scbosy = sy
t.header.stamp = self.get_clock().now().to_msg()

t.header.frame_id = "odom"

t.child_frame_id = "base_link"

# tim
selftimer = selfcreate.timer(selftimer_frequently, self publish_odometry)

n_euler(0.0, 00, self pos 2)

self.pos_x
self.pos_y
0.0

t.transform.translation.x
t.transform.translation.y
t.transform.translation.z

t.transform.rotation.x = q[0]
t.transform.rotation.y = q[1]
t.transform.rotation.z = q[2]
t.transform.rotation.w = q[3]
self.tf_broadcaster.sendTransform(t)

self.pub_odometry.publish(odom)
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2. launch +=7
src/car_tutorial/launch/car_tutorial.launch.py

name="r
output=
arguments=["'-d’

river = Node(
package="car_
executabl
output="scree

odom = Node(
ackage="car

)

return LaunchDescription(
rsp,
driver,
rviz,

odom,
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3. setup.py =4

glob

SFC/Ca r_tUtOFIa I/Setu p py . pt t find_packages, setup

package name = ' _tutorial’

setup(
name=pack
version="8
package d_packages(exclude=["
data_files=[

+ package_name]),
" + package name, [’

urdf"), glob(ur:
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$ cd ~/car_ws
$ colcon build —symlink-install

$ source install/setup.bash
$ ros2 launch car_tutorial car_tutorial.launch

5. rviz &N
Add -> TF
Add -> RobotModel
Add -> Image

Global Options > Fixed Frame : base_link
RobotModel > Description Topic : /robot_description
Image > Topic : /image

File -> Save Config

Robotics

57

1 pisplays
~ & Global Options

Fixed Frame base_link

Background Color
Frame Rate
~ " Global Status: Ok
v Fixed Frame
b < Grid
b ou-TF
~ i, RobotModel
» " Status: Ok
Visual Enabled
Collision Enabled
b Mass Properties
Update Interval
Alpha

Description Source

v Description Topic
TF Prefix
b Links
- @ Image
» v Status: Ok
b Topic

W 48; 48; 48
30

OK
v
v
v

v

0

1

Topic
Jrobot_description

v

jimage

Rokey



A5 75 22 17|% 2

This node takes keypresses from the keyboard and publishes them
as Twist/TwistStamped messages. It works best with a US keyboard layout.

Moving around:
u i 0

i k1

m B

For Holonomic mode (strafing), hold down the shift key:

t:up (
b : down

anything else : stop
z : increase/decrease max speeds by 18%

increase/decrease only linear speed by 18%
efc : increasefdecrease only angular speed by 18%
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.rgqt_graph =2
$ rgt_graph
¢ Node Graph DE@ - ox
& | | Nodes/Topics (all) - |/ ! B =
Group: |8 |%| Namespaces V| Actions v/ tf |v|Images | vl Highlight v Fit [
Hide: « Dead sinks |v Leaf topics | Debug v tf v Unreachable v Params
-
ftmnsfnmn_listener_lmpl_ssm?ammD Jraw_vel
I-‘_‘_-_-_-_‘—-—-_
fteleop_twist_keyboard fcmd_vel fdrive fimage
fjoint_states frobot_state_publisher frobot_description
L] b
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1. car_tutorial package ¥/ % 2%

$ cd ~/sim_ws
$ ros2 pkg create --build-type ament_python car_simulation

$ cd car_tutorial
$ mkdir urdf launch

2. xacro L} F A}

$ cp ~/car_sw/src/car_tutorial/urdf/carxacro ~/sim_sw/src/car_simulation/urdf/car.xacro
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3. macros I} 2Hd

src/sim_tutorial/urdf/macros.xacro

Al=0] 80| 2t =28 E4S

Moj
7|2 1ty

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

<!-- Specify some standard inertial calculations https://en.wikipedia.org/wiki/List_of_moments_of_inertia -->

<!-- These make use of xacro's mathematical functionality -->

<xacro:macro name="inertial_sphere" params="mass radius *origin">
<inertial>
<xacro:insert_block name="origin"/>
<mass value="${mass}" />
<inertia ixx="${(2/5) * mass * (radius*radius)}" ixy="0.0" ixz="0.0"
iyy="${(2/5) * mass * (radius*radius)}" iyz="0.0"
izz="${(2/5) * mass * (radius*radius)}" />
</inertial>
</xacro:macro>

<xacro:macro name="inertial_box" params="mass x y z *origin">
<inertial>
<xacro:insert_block name="origin"/>
<mass value="${mass}" />
<inertia ixx="${(1/12) * mass * (y*y+z*z)}" ixy="0.0" ixz="0.0"
iyy="${(1/12) * mass * (x*x+z*z)}" iyz="0.0"
izz="${(1/12) * mass * (*x+y*y)}" />
</inertial>
</xacro:macro>

<xacro:macro name="inertial_cylinder" params="mass length radius *origin">
<inertial>
<xacro:insert_block name="origin"/>
<mass value="${mass}" />
<inertia ixx="${(1/12) * mass * (3*radius*radius + length*length)}" ixy="0.0" ixz="0.0"
iyy="%${(1/12) * mass * (3*radius*radius + length*length)}" iyz="0.0"
izz="${(1/2) * mass * (radius*radius)}" />
</inertial>
</xacro:macro>

</robot>

62
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4. xacro ot =%

src/sim_tutorial/urdf/car.xacro

macros $& F7t

version="1.8"
xmlns:xacro="http://ww.ros.org/wiki/: o" name="urdf tutorial”

filename="macros.xacro"
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5. setup.py &

. . package name = 'car simulation
src/sim_tutorial/setup.py
setup(

name=package name,

data files=[
"sh;

install
zip safe= ,
maintainer="d:

maintainer email="
description=

entry poi
' cons

>
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import os
from ament_index_python.packages import get_package_share_directory
from launch import LaunchDescription
- from launch.substitutions import LaunchConfiguration
6. launch J-'-I'?EI ng from launch.actions import DeclareLaunchArgument
from launch_ros.actions import Node
src/sim_tutorial/launch/car_simulation.launch.py Import xacro
def generate_launch_description():
use_sim_time = LaunchConfiguration("use_sim_time")

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

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

robot_description = xacro.process_file(xacro_file)

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

return LaunchDescription(
[

DeclareLaunchArgument(
"use_sim_time", default_value="true", description="use sim time"

),

Node(
package="robot_state_publisher",
executable="robot_state_publisher",
output="screen",
parameters=[params],

)I
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$ cd ~/sim_ws

$ colcon build —symlink-install

$ source install/setup.bash

$ ros2 launch sim_tutorial car_simulation.launch

$ ros2 launch gazebo_ros gazebo.launch.py

$ ros2 run gazebo_ros spawn_entity.py -topic robot_description -entity with_robot
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7IH| & (gazebo)

Gazebo= 2X S 3D 2F0M A EY0|ME = A= Bt 2| T 7|E AZH0[H.
-2 A g0 M

URDF EE= SDF &Alo| 2% moS 2a{otA 3D SHAHO|
.0l TurtleBot3S GazeboOl Al 2 H5t0f 0| EfAH
=2 WE NI

ODE, Bullet, DART, Simbody S2| 22| AZXIS AHESI0] X S22t fAISH 24 S 714
-8, 55 O, MM L0|= 55 =t AlZ0]d 7=

«MlM )kla'ﬂﬂ‘-"l’L=I
-LiDAR, 7t 2}, IMU, GPS, Force-Torque MA §& 7h4t

2F0AM AES = US.
*0ll: /scan EH = 0|83l 7t< LIDAR HIO[E{ S ROS 20iM 20tz = S, =

Gazebo

[_][B]x]

DO .| %= =0, aR
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Launch L} 2 SHEHO| AlSH

src/sim_tutorial/launch/car_simulation_once.launch.py

import os

import xacro

from ament_index_python.packages import get_package_share_directory

from launch import LaunchDescription

from launch.actions import IncludeLaunchDescription, ExecuteProcess, TimerAction
from launch.launch_description_sources import PythonLaunchDescriptionSource
from launch_ros.actions import Node

from launch.substitutions import LaunchConfiguration

from launch.actions import RegisterEventHandler, EmitEvent

from launch.event_handlers import OnProcessExit

from launch.events import Shutdown

def generate_launch_description():
pkg_share = get_package_share_directory('car_simulation’)

xacro_file = os.path.join(pkg_share, 'urdf', 'car.xacro’)
robot_description_config = xacro.process_file(xacro_file)
robot_desc = robot_description_config.toxml()

gazebo = IncludeLaunchDescription(
PythonLaunchDescriptionSource(
os.path.join(get_package_share_directory('gazebo_ros'), 'launch’, 'gazebo.launch.py’),
)
)

68

robot_state_publisher = Node(
package="robot_state_publisher,
executable="robot_state_publisher,
name="robot_state_publisher’,
output='screen’,
parameters=[{'use_sim_time" True,
‘robot_description": robot_desc}]

)

spawn_entity = Node(
package='gazebo_ros',
executable="spawn_entity.py’,
arguments=['-topic', 'robot_description’,
"-entity’, ‘with_robot'],
output="screen’

)

delayed_spawn = TimerAction(
period=5.0,
actions=[spawn_entity]

)

return LaunchDescription([
gazebo,
robot_state_publisher,
delayed_spawn

)
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gazebo.xacro L} £Hd

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

. . <gazebo>
src/ca r_simu latio n/u rdf/ga zebo.xacro <plugin name="diff_drive" filename="libgazebo_ros_diff _drive.so">

<!-- Wheel Information -->
<left_joint>left_wheel_joint</left_joint>
<right_joint>right_wheel_joint</right_joint>
<wheel_separation>0.35</wheel_separation>
<wheel_diameter>0.1</wheel_diameter>

<!-- Limits -->
<max_wheel_torque>200</max_wheel_torque>
<max_wheel _acceleration>10.0</max_wheel acceleration>

<!-- Output -->
<odometry_frame>odom</odometry_frame>
<robot_base_frame>base link</robot_base frame>
<publish_odom>true</publish_odom>
<publish_odom_tf>true</publish_odom_tf>
<publish_wheel_tf>true</publish_wheel_tf>

</plugin>
</gazebo>

</robot>
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xacro I} & =7
src/sim_turoail/urdf/car.xacro
radius="8.83"

oo

whee

name="caste

name="black"

radius="8.83

macros & 7}

" radius="8.83"

filename="ga
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$ cd ~/car_ws

$ colcon build —symlink-install

$ source install/setup.bash

$ ros2 launch sim_tutorial car_simulation_once.launch

$ ros2 run teleop_twist_keyboard teleop_twist_keyboard
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Rviz2 Odom &%

ODOM Z & (Odometry Frame)2 £EX2| 0|5 BEE FHSI=0 AIEE= 52 ZtHA

1712 58
2 X0| AFTt X E 7|[Z=E2 2 5= Zh'A _
.E%—O—l AOI-EHEII Ol_l %Il Olg E-oll-_ ?;é;sE;faIOptions lg‘l
A|7H0| A|LHE SIR0| HBlx| oS e | 164
— —_— Frame Rate 30
c)II:II__l:_&IIEE "Odom" Olal-E Ol%_o_l &E‘”O:lgg _'I:I'_ol_:l - w/‘(fv/let;iilezti::;eok o
278 9
2RO X X[t WS AAE H| JUHe2 =X o iuer
-E7| MO 2RO SR Y= SO Showarows (¢
X HH LH[AO|E0] ArE poretri
AN BHo| 71E ZeYos #e Lo
- f;,Ter‘:thmiel v
v v Status: Ok
Visual Enabled v
Collision Enal.:rled
" Update el 0
Alpha 1
Description Source  Topic

Add -> TF .
Add -> RobotModel T
Description Topic: /robot_description

Description Topic

TT Peafiac

Add Duplicate

Global Options > Fixed Frame : odom

frobot_description

Displays the TF transform hierarchy. More Information.

Remove Rename

cas,,. epl
Mgt witeel

a0/
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Rviz2 Odom &%

TF E2|0| M2 2]

world/map -> odom -> base_link -> 7|Ef MA =g

4CHE = Qo] 2tA:
'map =i Q: T xEA, O /X £HA
base_link: 22 2X|°| Ztx&

EEA
«odom 0| = AfO|Q| Tt IS +=H
5. A2 O Al:
-2 52| dead reckoning 7
24 Foli= 2|
THAE| AE T
MM oY S¢

Zo|St A-
—l =2 Od.

A|ZHO| X 42 2%}
MO QX BHO| LR £ U

N
ar
1
i
1
$0
0jo

= Y =
'map Zof| el HAE FI7| M= YO|O|E S{Of &
X XS}
T o

(¥R %, dead reckoning, dead reckoning navigation)
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teleop = 0| 8%t =%

ros2 run teleop_twist_keyboard teleop_twist_keyboard

~

]| Real Time Factor: Sim Time: Real Time:
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rqt_graph = ol

$ rgt_graph

£ | | Nodes/Topics (all) il / =TS
Group: 6 |+ Mamespaces V| Actions W|tf v|Images | | Highlight IFit |[ZZ

Hide: v| Dead sinks v Leaftopics |v| Debug tf |v| Unreachable |v| Params

/robot_description

frobot_state_publisher
_" | ftransform_listener_Impl_559d50c37e90
Jdiff_drive

fteleop_twist_keyboard
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lidar.xacro rl-l'oEI Zt*o-l <gazebo reference="laser_frame">

<material>Gazebo/Red </material>
. . . <sensor name="laser" type="ray">
src/sim_tutorial/urdf/lidar.xacro <pose>0 0 00 0 0</pose>
<visualize>true</visualize >
<update_rate>10</update_rate>

[ <ray>
2to|of 7|5 27t .
<horizontal>
<samples>360</samples>

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

° update rate : X& 108| HEE N &aeHL|LC} <min_angle>-3.14</min_angle>
. 4 AH 7t L o .T'_FA'I o HFALSHL <max_angle>3.14</max_angle>
o samples: AM 7 L0 A 36071 2] = YA LICE </horizontal>
O] #2= =Z5IHNM 7*5@ HAES TS o
E|') <min>0.3</min>
> min_angle, max_angle: 2D LiDARZ} A7Hgh 2L T}, </r;rr]‘;aex>>12</max>
S Ef +nbA| 2n M S AZSHL|CH <srays S
o range mln/max. oD LIDAR7|' ﬁ?_H 7|_%-§_ 7_| Elgl _;Elil _jlc_l EH ai.olz’ |_| El’- <pll:?(;Z>name:“Iaser_controller“ filename="libgazebo_ros_ray_sensor.so">
o argument: rosOf| A ':l'_"5|' topic O|E¢L|LC}. <argument> ~/out:=scan</argument>
ol </ros>
° OUtPUt type EE# O:IAI Ll El‘ <output_type>sensor_msgs/LaserScan</output_type>
o frame_name: 2D L|DAR7|- SX=| MA 0|2 QL L}, <frame_name>laser_frame</frame_name>
</plugin>
</sensor>
</gazebo>
</robot>
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1. xacro I} +=H

src/sim_tutorial/urdf/carxacro

2t0|H @3 & 7|s It

ol
=

27}

name="laser_frame"

radius="8.83"

name="red"

radius="8.83"

filename=
filename="1idar.

79
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$ cd ~/car_ws

$ colcon build —symlink-install

$ source install/setup.bash

$ ros2 launch sim_tutorial lidar.launch.py

World Insert Layers |- . . |. .‘ .2,
GU

P Models
b Lights

Property Value

$ ros2 run teleop_twist_keyboard teleop_twist_keyboard

" Real Time Factor: Sim Time: Real Time:

HUMAN Al ROBOTICS



o[ Ct

otO|Ck Al Z2j|o] M

Property

Real Time Factor; Sim Time: Real Time:
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world X%

= Save World %
Look in 8 home ‘car ws/srcfcar simulation e o o B 8 H
B computer ”3"“-' Size Type Date Modified
B dacho =
=
_ . =
Save Configuration =]

Clone World

Quit

Lo II..l'JI PE

Starting Pen

File > Save World As

File namae: my world world]

Files of type: SDF Files (*.xml = sdf * waorld)

~/car_ws/src/car_simulation/my_world.world
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Rviz Al 9! A%

$ rviz2 1 Displays =

Background Color [l 48; 48; 48

Frame Rate 30
v’ Global Status: Ok
v Fixed Frame oK
Add -> TF ife:::ars'::an j
Add -> RobotModel it .
Add -> LaserScan Selectable v
Style Points
Size {Pixels) 3
Global Options > Fixed Frame : odom I :
RobotModel > Description Topic : /robot_description Position Transformer | XYZ ‘
. Color Transformer  Intensity
LaserScan > Topic : /scan Channel Name ~ intensity
. . Use rainbow v
> Style . POIntS Invert Rainbow
Autocompute Inte... v
- TF v
i RobotModel
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camera.xacro I}Q Xt

<?xml version="1.0"?>
. . <robot xmlns:xacro="http://www.ros.org/wiki/xacro" >
src/sim_tutorial/urdf/camera.xacro
<gazebo reference="camera_link">
<material>Gazebo/Red </material >
<sensor name="camera" type="camera">
9"["” E" 7|% —;F—7|' <pose>000 0 0 0</pose>
<visualize>true</visualize>
<update_rate>10</update_rate>

o update rate: XEI- 109| XﬁEE X-”_'_G‘I-l—l E|'- <Ca<rT;1irréi]z>orltal_fov>1‘089</horizontal_fov>
o horizontal_fov: 7 fE BFSEO| FOV (Field of View)= 1.0892 A ML <irfﬁgfr;angGgquformab
Ct. GazeboO|Al= MZ Hako| FOVE O|O|X| AO| =0 [2tA] Ats2 2 <width>640</width>
AAME| = Ao 2 HL|C} </.<heigbt>480</height>

. image
o image format: R8G 8B8=Z Wz, X& izt & gH|EZ Q1AL FL|CH <clip>
- image widht/height: 00 X19] S7|= 72 640 T4, M2 | 48 0Tz udtsrnile
K| ™HHS L CF </clip>

X = 0l </camera>

° frame name. Camerajl- I-E'—l '1|A_| Ol S Ll El" <plugin name="camera_controller" filename="libgazebo_ros_camera.so">

<frame_name>camera_link_optical </frame_name>
<min_depth>0.1</min_depth>
<max_depth>100.0</max_depth>
</plugin>
</sensor>
</gazebo>

</robot>
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1. xacro It =%

src/sim_tutorial/urdf/carxacro

Ztolet @3 8 7| oY =7t

name="black"

filename=
filenam

filename=
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$ cd ~/car_ws

$ colcon build —symlink-install

$ source install/setup.bash

$ ros2 launch sim_tutorial camera.launch.py

$ ros2 run teleop_twist_keyboard teleop_twist_keyboard
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L Displays (]
~ & Global Options
Rviz AI -6-“ n I A-l x‘l Fixed Frame odom
=20 X 20O Background Coler [l 48; 48; 48
Frame Rate 30
* + Global Status: Ok
v Fixed Frame 0K
» <& Grid v
b u-TF v
$ . 2 » i, RobotModel v
rviz
hd @ Image v
b+ Status: Ok
» Topic Jcamerafimage_raw

Add -> T
Add -> RobotModel

Add -> LaserScan
Add -> Image

T Image 0]
Global Options > Fixed Frame : odom .
RobotModel > Description Topic : /robot_description
LaserScan > Topic : /scan

> style : Points
Image > Topic : /camera/image_raw
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OpenManipulatorX

/tMIE0M =X S £0IM HL =72 0]& 0|5A|Z]7]

OpenManipulatorX §%:

1.7
1. 574Q| ClO|Lt A ME ZE| AFR (XM430-W350-T)
2. 4 AtrE OfL{E Ol + 12[m
. =[O ZHEFSES: 0.5kg

19IEY 4
1. CHO|LtEIA 2 H: 2HE XN O
2. U2D2: CiO|LtE A S48 A H
3. =ofe: 3D Z2IE Ittt EEE

https://emanual.robotis.com/docs/en/platform/openmanipulator_x/quick_start_guide_basic_operation/
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4 X (object)2t &H 2XE CHF7|

CIRLES

sudo apt-get install ros-${ROS_DISTRO}-dynamixel-sdk
sudo apt-get install ros-${ROS_DISTRO}-dynamixel-workbench
sudo apt-get install ros-${ROS_DISTRO}-robotis-manipulator

# 5ol Z7H MY
mkdir -p ~/robotis_ws/src
cd ~/robotis_ws/src

# AN FAECREE

git clone https://github.com/ROBOTIS-GIT/open_manipulator.git

git clone https://github.com/ROBOTIS-GIT/open_manipulator_msgs.git

git clone https://github.com/ROBOTIS-GIT/open_manipulator_dependencies.git

# 2=
cd ~/robotis_ws
catkin_make
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K| (object)2l SH 2EXE CIF7|

# ~/bashrcO| =7t
echo 'source ~/robotis_ws/devel/setup.bash' >> ~/.bashrc

source ~/.bashrc

# Gazebo A|=2{ 0|
roslaunch open_manipulator_gazebo open_manipulator_gazebo.launch

# RViz A| 23}
roslaunch open_manipulator_description open_manipulator_rviz.launch

# HEE
ros2 launch open_manipulator_x_moveit_config moveit_core.launch.py

#GUI THEE
ros2 launch open_manipulator X _gui open_manipulator_x_gui.launch.py
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class ManipulatorXMovelt(Node):
H def __init__(self):
Open maanUIatorX super().__init__('manipulatorx_moveit2')

# Initialize Movelt2 MoveGroupCommander
self.group_name = "manipulator" # Replace with the correct group name from your Movelt2

import rclpy configuration

from rclpy.node import Node self.move_group = MoveGroupCommander(self.group_name)
from moveit_commander import 4 |

MoveGroupCommander et up logger

. If.get_| .info("Manipulator-X Movelt2 Node Initialized"
from geometry_msgs.msg import Pose self.get_logger().info("Manipulator ove ode Initialized")
def move_to_xyz(self, x, y, z):
# Create a Pose object for the target position
target_pose = Pose()
def main(): target_pose.position.x = x
rclpy.init() target_pose.position.y =y
target_pose.position.z = z
node = ManipulatorXMovelt() # Orientation (w=1 indicates no rotation, adjust if needed)
target_pose.orientation.x = 0.0

# Example target position (replace with your desired target_pose.orientationy = 0.0

coordinates) target_pose.orientation.z = 0.0
target x = 0.2 target_pose.orientationw = 1.0
target_y = 0.0
target_z = 0.2 # Set the target pose for the move group

self. nove_group.set_pose_target(target_pose)

# Move to the target position

# Plan and execute the motion
node.move_to_xyz(target_x, target_y, target_z)

success = self.move_group.go(wait=True)
self. move_group.stop() # Ensure no residual movement

rclpy.shutdown() self. move_group.clear_pose_targets()
if _name__ =="_main_" if success: . N
main() self.get_logger().info(f"Successfully moved to position: x={x}, y={y}, z={z}")
else:

self.get_logger().error("Failed to move to the target position")
93 HUMAN Al ROBOTICS



| L| & | O] E

Open manipulatorX

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

def generate_launch_description():

# Define package paths

moveit_config_path =
get_package_share_directory('turtlebot3_manipulation_moveit_config')

bringup_path =
get_package_share_directory('turtlebot3_manipulation_bringup’)

# RViz node to visualize planning
rviz_config_file = os.path.join(moveit_config_path, 'launch’, 'moveit.rviz')
rviz_node = Node(

package="rviz2',

executable="rviz2',

arguments=['-d', rviz_config_file],

name="rviz2',

output='screen’

# Include Movelt2 move_group.launch.py
move_group_launch = IncludeLaunchDescription(
PythonLaunchDescriptionSource(
os.path.join(moveit_config_path, 'launch’, 'move_group.launch.py’) )
)

)

return LaunchDescription([
hardware_launch,
move_group_launch,
rviz_node

# Include robot hardware launch file
hardware_launch = IncludeLaunchDescription(
PythonLaunchDescriptionSource(

os.path join(bringup_path, 'launch’, 'hardware.launch.py") )

)
)
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Open manipulatorX

import rclpy
from rclpy.node import Node
from moveit_commander import MoveGroupCommander

class GripperControl(Node):
def __init_ (self):
super().__init__('gripper_control’)
self.gripper_group_name = "gripper" # Replace with the correct group name for
the gripper
self.gripper_group = MoveGroupCommander(self.gripper_group_name)

self.get_logger().info("Gripper Control Node Initialized") def main():

rclpy.init()

def open_gripper(self): node = GripperControl()

joint_goal = [0.02] # Adjust value as per the gripper's joint limits (fully open)
self.gripper_group.go(joint_goal, wait=True)

self.gripper_group.stop()

self.get_logger().info("Gripper opened.")

# Example: Open and then close the gripper
node.open_gripper()
rclpy.sleep(2) # Wait for a while

node.close_gripper()
def close_gripper(self):

joint_goal = [0.0] # Adjust value as per the gripper's joint limits (fully closed) rclpy.shutdown()
self.gripper_group.go(joint_goal, wait=True)

self.gripper_group.stop() if _name__ =="'_main__
self.get_logger().info("Gripper closed.") main()
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# Set planning parameters

Open manipulatorX , moveit2& 0|& EIZIC 2 0|FA|7|7] self move_group.set_planning_time(5.0)
selfmove_group.set_num_planning_attempts(10)
#!/usr/bin/env python3 self.move_group.set_max_velocity_scaling_factor(0.1)
selfmove_group.set_max_acceleration_scaling_factor(0.1)
import rclpy
from rclpy.node import Node def plan_cartesian_path(self, waypoints):

nnn nnn

from moveit2 import (
MoveGrouplnterface,

Plan a Cartesian path through given waypoints.

PlanningScenelnterface, (plan, fraction) = selfmove_group.compute_cartesian_path(
RobotState waypoints, # waypoints to follow

) 0.01, # eef_step

from geometry_msgs.msg import Pose, Point, Quaternion 0.0, # jump_threshold

from tf2_ros import TransformException True # avoid_collisions

from tf2_ros.buffer import Buffer )

from tf2_ros.transform_listener import TransformListener
return plan, fraction
class ArmTrajectoryPlanner(Node):
def __init_ (self): def execute_trajectory(self, plan):
super().__init__(‘arm_trajectory_planner’) """Execute a planned trajectory.

# Initialize Movelt2 interfaces success = selfmove_group.execute(plan, wait=True)
selfmove_group = MoveGrouplinterface( return success

node=self,

name="arm", # Your planning group name def move_to_pose(self, target_pose):

robot_description="robot_description", Plan and execute movement to a target pose.

robot_description_semantic="robot_description_semantic"

) selfmove_group.set_pose_target(target_pose)
success = selfmove_group.go(wait=True)
selfplanning_scene = PlanningScenelnterface( selfmove_group.clear_pose_targets()
node=self return success

)
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Open manipulatorX

def main(): wpose = Pose()
rclpy.init() wpose.position = Point(x=start_pose.position.x + 0.1,
y=start_pose.position.y + 0.1,

planner = ArmTrajectoryPlanner() z=start_pose.position.z)

# Example target pose wpose.orientation = start_pose.orientation
target_pose = Pose() waypoints.append(wpose)
target_pose.position = Point(x=0.4, y=0.0, z=0.4)
target_pose.orientation = Quaternion(x=0.0, y=0.0, z=0.0, w=1.0) # Plan and execute Cartesian path
. plan, fraction = planner.plan_cartesian_path(waypoints)
# Move t le target ) . :
succzzs :Opi;nngn:r.;rgfe ?gsp?ose(target pose) planner.get_logger().info(f"Planned {fraction * 100}% of Cartesian path")

planner.get_logger().info(f"Move to pose success: {success}")

if fraction > 0.9: # Execute only if we can achieve at least 90% of the path
# Example Cartesian path success = planner.execute_trajectory(plan)
waypoints = [] planner.get_logger().info(f"Cartesian path execution success: {success}")

# Start with current pose
start_pose = planner.move_group.get_current_pose().pose rclpy.shutdown()
waypoints.append(start_pose)

# Add waypoints relative to current pose

wpose = Pose()

wpose.position = Point(x=start_pose.position.x + 0.1,
y=start_pose.position.y,
z=start_pose.position.z)

wpose.orientation = start_pose.orientation

waypoints.append(wpose)
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https://github.com/minwoominwoominwoo7/op_moveit_client
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static_transform_publisher

-2 X9 AN X F2o
O E REA A EE
EX EEO V= #= F9
Al 0]d 28 278

static_transform_publisher x y z yaw pitch roll frame_id child_frame_id period_in_ms

launch I} QHoj| =7} ' TR

arm_end_link

<node pkg="tf" type="static_transform_publisher"
A

name="camera_link to_base_link" args="86.5 8 8.5 8 @ 8 base_link

camera_link 288" />

arm_base_link
N
\
\
N

T
base_link

$ ros2 run tf2 ros static transform publisher 1 -1 0 0 0 0.707 base link arm base link
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Make a world
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Add Color
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https://www.youtube.com/watch?v=7McYSJFAqIU Save as xxx.world
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Turtlebot3 Manipulation mﬁm

https://emanual.robotis.com/docs/en/platform/turtlebot3/manipulation/ Wlth
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Turtlebot3 Manipulation

TurtleBot3 SBC
$ export OPENCR_PORT=/dev/ttyACMO
$ export OPENCR_MODEL=turtlebot3_manipulation
$ rm -rf ./opencr_update.tar.bz2
$ wget https://github.com/ROBOTIS-GIT/OpenCR-Binaries/raw/master/turtlebot3/ROS2/latest/opencr_update.tar.bz2
$ tar -xvf opencr_update.tar.bz2
$ cd ./Jopencr_update
$ ./update.sh SOPENCR_PORT $OPENCR_MODEL.opencr

Simulation

x+OEe -~ 008 |*%Z|mE|E 0|

ros2 launch turtlebot3_manipulation_bringup gazebo.launch.py

CC -
L

ros2 launch turtlebot3_manipulation_bringup
gazebo.launch.py start_rviz:=true
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Turtlebot3 Manipulation

ros2 launch turtlebot3_manipulation_moveit_config moveit_gazebo.launch.py

fconfig/mov

[home/derlcn/tb3_ws/installturtlebot3_mani

moveit_canfig/share/turtleb 2

FocusCamera  ==Measre . 0Posefstimate . 2DGealPose @ PublishPoine & =

Was;
30
oK
Add
+ Motionelanning
Context | Planning | Manipulation  sci Stored s Stored state
mmmmmmm Query
lan Planning Group:
m
lan & Exec Start
<curr
Goal St
<curr

6 fps

ros2 launch turtlebot3_manipulation_bringup gazebo.launch.py

ros2 launch turtlebot3_manipulation_cartographer cartographer.launch.py

ros2 run nav2_map_server map_saver_cli -f ~/map
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Turtlebot3 Manipulation

[home/robot/turtlebot3_ws/srcfinstallfturtlebot3_manipulation_bringup/share turtlebot3_manipulation_bringup/rviz/turtlebot3_manipulation.rviz* - ...
File Panels Help

“rMove Camera | [ _iSelect -FocusCamera == Measure # D GoalPose  '§ Publish Point

D pisplays L]
= & Global Options
Fixed Frame odom
Background Color Ml 48; 48; 48
Frame Rate E ]
v Global Status: Ok
% Grid
. LaserScan
. RobotModel
W+ TF
% Odometry
& camera

A
[}

LA AR A

'

Image Rendering background and overlay
Overlay Alpha 0.5

Zoom Factor 1

Far Plane Distance 100

Topic
sensor_msgs/msg/image topic to subscribe to.

Add

[ Camera o|
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gazeboO{|M 3D THS7|

GazeboOf A &gt worldS SDF LEZ2FH 22 2ot dEs 2HMED AL L
T.HOE0AM AE 2= S E:

gazebo <world_file_path>.sdf

0%

2. launch L} = Solf 2dst= 2.

<launch>
<l-- Gazebo AMH{2} S2O[E Al -->
<include file="$(find gazebo_ros)/launch/empty_world.launch">
<arg name="world_name" value="$(find
your_package)/worlds/your_world.sdf"/>
<arg name="paused" value="false"/>
<arg name="use_sim_time" value="true"/>
<arg name="gui" value="true"/>
<arg name="headless" value="false"/>
<arg name="debug" value="false"/>
</include>
</launch>
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Minimap Camera 2

Camera 4
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