V2.0

2024.12.17

RPN




ROS22} RVIZ2 A|E2|0|EE 0| &
25 URDF, XACRO,SDF 0| 8¢t 2& OtE7| 8l 7|=

E{E23 &X| U SLAM, NAVIGATION +¥
H| I:IEI_.II_ S =23 B EE3 =

=2 O b



==l A, =
St A
ROS2%} RVIZ2 A|ZT|0|E{E O|8¢t 2X H&
22 URDF, XACRO,SDF 0| 8%t 22 3! 7| &
e FY 22 AlEY ol




K

RVIZ2

IH
or

M___
ol

o3

X

Joll

_l

<
mjnu

O Al RViz2

8

RViz22| QIE{I|O|AQ} 7|2 AFEHE 0|8st, ROS2 &t

1.

0.
M_u
jol’

RViz20{| A Al

A HIOIHE

A

.I

Ctorst

o3

<

Joll

H

-
o

AL
T

e

St GO0 A Al=20]

F

3. RViz29| 12 7|5S ¢

HUMAN Al ROBOTICS

Robotics



ozt
!

RO
_ROS2 A
|4t =1
RV
1Z2

Ro
bo
tic
S
5
HUMAN Al R
OBOTICS



RVIZ2

ozt
!

n
4

7|E} 7H X9 £

= CLI: Command-Line Instruction
« GUI 910| ROSOIA M&El= HHOITIe 2 28 X0 8! Ho 2= ROS 7| &

= RQT
- ez QIHmO|A JHHS ffet Qt 7[8 =g /2 XM=
« LEQF O AO|Q] HZA HE HA| (rqt_graph)
- QAL MY &0| AlZHO| M2t Hotdt= =AHE 2 Y (rqt_plot)

o LIOJHE HAIX] HEfZ 7| F ol I{d (rqt_bag)

- &3t 2D, 3D A4 =

=
« 2EX A2HE O30 ==
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RQT 3l
RQT

= RQT : AIARIO| CIOfst XIS AlZBtotn M43Ege 4+ A shFs B2419l 7|ute| T3 Yy
= .

u TR 7I o . rqt_graph_ RosGraph - rqt "

-—_ - &'Mode Graph O -

* E'E! El—l E'I %;! Eltl I:él-%lsl ¢ Nod:s,-’Topicstall] - || / BB D:lti .0
° 'LLI- E'|-D| E'-I il I:l-l Efﬁl- :::::P: al.'heajls:lrespit;t‘rc:::io:s():b:rg i I::agjsl.lnr:a:fil:?:h: :a::ws B
e LC 2= A|Ztg}

. 271 H0f —
L] %% E?‘ Jgazabo. Fcam::::::::n:_m“
. O[] x| £0f -

[ o o] F——
PTEEsn: = “—:
e rqt_graph: & EE A2 O =2 HA| G [ =]
* rqt_pIOt: EE’ E” Ol E‘l% AEIA||7_|- :I-EHEE EAl s puier > " ]
* rqt_console; 21 HA|X| EA| & =
* rqt_image_view: O|O|X| E& A|Zt 3}
« rqt_publisher: E4 &l QIHL[O|AE XN|&

il
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= MEFHF0A Plugins -> Topic -> Message Publisher

X Orop Z2 1910 HAIEIX| %o

$ sudo apt install ros-humble-rgt-publisher

o B HAX] HHY

o

=
« Topic Name: AA|Y EEO
« Message Type: AlAI HIA|X[2] E}FR (O: std_msgs/msg/String)

Default - rqt [

Eile Plugins Running Perspectives Help

[>Message Publisher D@ - O %X =Topic Monitor

' Topic escriptions ~ | Type description ~ | Freq. 1 v |Hz |90 ||l & Topic

»
topic v type rate expression
» Jcmd_vel geometry_msgs/Twist 1.00

vYyvvvvvvvvvvvvww

Robotics

A EH.

L—

| O|E (04|: /my_topic)

/camera/parameter_descriptions

/camera/parameter_updates

/camera/rgb/camera_info

/camera/rgb/image_raw

/camera/rgb/image_raw/compressed
/camera/rgb/image_raw/compressed/parameter_descriptions
/camera/rgb/image_raw/compressed/parameter_updates
/camera/rgb/image_raw/compressedDepth
/camera/rgb/image_raw/compressedDepth/parameter_descriptions
/camera/rgb/image_raw/compressedDepth/parameter_updates
Jcamera/rgb/image_raw/theora
/camera/rgb/image_raw/theora/parameter_descriptions
/camera/rgb/image_raw/theora/parameter_updates

pC'@ -ox
~ Type

dynamic_reconfigure/ConfigDescription
dynamic_reconfigure/Config
sensor_msgs/Camerainfo
sensor_msgs/Image
sensor_msgs/Compressedimage
dynamic_reconfigure/ConfigDescription
dynamic_reconfigure/Config
sensor_msgs/Compressedimage
dynamic_reconfigure/ConfigDescription
dynamic_reconfigure/Config
theora_image_transport/Packet
dynamic_reconfigure/ConfigDescription
dynamic_reconfigure/Config
geometry_msgs/PointStamped
rosgraph_msgs/Clock
geometry_msgs/Twist

aazehn meac/l inkStares

21 210] EX[E|X] ES

g % qlou] 4x.

PR LTI PR

geometry msgs/Twist 49.48B/s
geometry_msgs/Vector3

float64

floate4

float64

geometry msgs/Vector3

float64

float64

float64

HUMAN Al ROBOTICS
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RQT X1

RQT_plot

= rqt_plot

- HAIZH EX HIO|E A3 &
e Plugins -> Visualization -> Plot

| (= [3][x]
ql AI E'I%Anl File Plugins Running Perspectives Help
[> Message Publisher W I DEE® - ox
i i i urtlel/cmd vel/linear = autoscro %
E = Al Al'SH & | Topic furtlel/emd vel v | Type Kgeometry_msgs/msg/Twist Topic /turtlel/cmd_vel/l %P v aut 00| %
1. HEHN, teleop_key, rqt & — e
1 H ) - i#eas cmeve \::Jsme msgsiVectord ) 6 -) :_": I& an/zoom
$ ros2 run turtlesim turtlesim_node " Gouple. T egEHvecter3 00 Ha p
. v double 0.0 , , ,
$ ros2 run turtlesim turtle_teleop_key i Sl —_ turtiel/cmd_velfinearix
$ t X double "~ 0.0 T fturtlel/cmd_vel/linear/y
rq g SEEE:: g:g 3+ —— jturtlel/emd_vel/linear/z
2
2. rqt_plots =7} )
- - 0
3. plot TopicOl /turtlel/cmd_vel/llinear & .
4. teleop_key2 2 %&510] rqt_plot 12 = =0 B

801.8 802.0 802.2 802.4 802.6 802.8

RObOtics 9 HUMAN Al ROBOTICS
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RQT_IMAGE_VIEW

= rqt_image_view

 7IH[2} == B2 O[0[X] MM 7t IHZ2[A[St= O|0|X| & &AL =E 20
e Plugins -> Visualization -> image_view
X THF E 2| 1010| HA|X|X| M rgt 2tH S22 Q10| BX|&[X| YUS = A2 EX].

$ sudo apt update

$ sudo apt install ros-humble-rgt-image-view

. 8™ © 2 0|0|X| H|0|E{ = sensor_msgs/msg/image E}

« ZtH2t MM 7F Qe A2 ET 0|22 FZ /camera/image_raw®f Z2 Al

RObOtiCS 10 HUMAN Al ROBOTICS
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ROS2 A|ZtZ} =4 RVIZ2

RVIZ2 £7%

« S A\| 23S} E

O 71 L.

« ER09| 2IH(URDF/XACRO &AlQ| 3D 2 &), {IX|, XtM| A=t

« IMU 28 H0|E , 2t0|E 2| HE| HIO|E, Depth Camerall ZQIE 222 E C|O|H & CtYSH HIO|E A|Zks}
« X[=(2D/3D) Al &%=t

- EX H0|H A&t

- A=lE SEE 72 ALk

= C}E ROS E1I2| AL
. LjH|A 0| M
. 22iH of
. ClHZ Telo) =8

RObOtiCS 12 HUMAN Al ROBOTICS
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ROS2 A|ZtZ} =4 RVIZ2

RVIZ2 AX| 9 Al

44| Ol AlS
= 24 X 2

# Ubuntu O|A3 & HE 22
# 2 X| (ros2 humble EX|A| XI5 X&)

$ sudo apt install ros-humble-rviz2

# A3

¢ rviz2

$ ros2 run rviz2 rviz2

AT4S ot Y= putty Z2IY MK

WindowsZE 2|t pUTI Y

22 ME N S=0/EHT WV 0.81

3.9(16842,) @22k HE,

40
1P

2l

40
1P

X = 2|8 ubuntu Open ssh server A X| X

$ sudo apt install openssh-server

$ sudo systemctl start ssh

RObOtics 13 HUMAN Al ROBOTICS



ROS2 A|ZtZ} =4 RVIZ2

RVIZ2 7|& CIEH0|A

ozt

=82 O
= Displays:
- A4zt e d5S dH, 2785= I 2.

= Global Option5°
- TH =FO| ZtEAI2L BB M, 2473
« 17 T AU(fixed fram): 2X2| 2= AA Sl OO|E Q| 7|&E0| &= ZHA|

rPO

= Tools:
. 7t02} Ol&, 28 QX 4 So| =3
s 3DE EXE
. MEHSE HO|HE A|ZAXOo = EAIB) T= Bt
« ZEO| ME{E 3DE 2HE
Robotics &
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ROS2 A|ZtZ} =4 RVIZ2

RVIZ2 7| & &0

RViz2E O[3li5t7| 2|0l &otofF & 7|2 80

« 174 =Y (Fixed Frame)
e RVIZ2OIM BE A|2ZHEF QAT 7|F
« 229 7|2 ZHEAQ base_link =& MA EHEHQ map2 ALE

|0
Hu
0z
rr
fual
kol
X

= TF (Transform Frames)
o 2 ZtEA 7ol BAE Fol5te =Y Het HE
« RViz2e tf2 20| E{E[& ArEdH Of2] ZtaA 7re| Bets AlZ3t

= EI (Topics)
. ROS20|A I{EE|M7} HO|HE EY= & £
. RViz2= £ EE0|A HO|EE FE5t0] 0|2 AlZts}

RObOtiCS 15 HUMAN Al ROBOTICS
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7|2 Displays 7+ 24

Displays= RViz22| 34 7|52 2, CFet HIO|E S A ZA=lol7| ?ist

OF

125 W3

0

F8 Displays &5:

RobotModel - 22| URDF 222 3DZ A|Z3},

TF - =7 =828 HEA|

LaserScan - 2tO|CHLIDAR)O A IHE 2| Al El sensor_msgs/LaserScan HA|X|E A2z}
PointCloud?2 - 3D ZQIE 222 E HO|HE A|Z3}

Image - 7tH2tof| A HE2[A|E O|0[X[F AlZf=}

Odometry - 229 2X| SEE A|Z3} (nav_msgs/Odometry T A|X| ALE)

Map - 2520| 83t 2D X| =& A|Zt3} (nav_msgs/OccupancyGrid HIA|X| AtE)

Path - 2829 Z2Z A|Z3} (nav_msgs/Path T A|X| AFR).

Robotics 16
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XISk AF Al=8o]M 3on|
Rviz20{| A A|Zf2t7t 7hs et WA o] &

-2}tO| CH(LiDAR) H| O] E
Al Zt3t B PointCloud2 C|AE 2 0
4|05 @ Al: sensor_msgs/PointCloud?
EXl- 3D EOE ZgfeCcz =H 342 7 GPS H|O|E]

-7}H|2} o|O| x| Al Zt 2} B Odometry C|ASE|0| 2= HAH O
Al ZtS} HERH: Image C|A S| 0| «0|0| B ¥ Al: sensor_msgs/NavSatFix
0|0|E YAl sensor_msgs/image S RX HEE D SUYS Bz HH
EXl:2p O|O|X| AEZlI HA| X3} MA Ho|E

-Zl0| 7}m| 2} o|o|Ef Al Ztzt 2 Range C|AE 20|
Al 2t3} B DepthCloud C|AZ 20| 00| e Al sensor msgs/Range
0| 0| | ¥Al: sensor_msgs/image (depth image) EX: AL FHUSE HE HEE BEH
=3 40| BEE MY = Hoitt ZOE FEIRE L HEf (RER E S)

MU (B =3 EHK|) 40| E A|Zt3} EHH: RobotModel C| A& 2|0
eA|ZtS} HEEH: My C|AZ 20| 00| E ¥ Al: sensor msgs/JointState
G0 & HAl: sensor_msgs/Imu -£7%: URDF 221} Zotsto] 220| | XpA| &2H

S HY A4 MY VMSEE St EE B
-] 0| X A7H | O]
‘AlZt3t BHH: | aserScan C| A28 0|
| O|E| & Al sensor_msgs/LaserScan
S3: 2D BHY2 AHE| 5 H0|HE HO[Lt ez 7

RObOtics 17 HUMAN Al ROBOTICS
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ROS2 A|ZtZ} =4 RVIZ2

RVIZ2 2 E3 B2 2 (Toolbar)

. 2D Pose Estimate: 2D ZXE —’F—’S
« 2D Nav Goal: 2D L{H|AHO|M S8 E ’578
« Publish Point: £ X|Ho| XtHE ¢

«3D A| 23} SHEO| M AFEX}7E A EH '°.: EH™ X|H9| 3D XEE ROS EHOZ Eali(publish)

« 7|1 2HO 2 /clicked_point E& 2
<M A|X| EtR2 geometry_msg/PointStamped

-geometry_msgs/PointStamped HA|X| Et Y2 £ Al7H0| £ {IX|E LiEI = HIA| X[ LT,
‘Header&} Point2 -8

‘Header: A|X| Q] =2|| Y1} EfRJARMT HEE LotetL|C.

Point: x, y, z 2tHEE Q[X|E LtEFELICH

RObOtiCS 18 HUMAN Al ROBOTICS
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ROS2 A|ZtZ} =4 RVIZ2

RVIZ2 A|Zt3} Of Al

» TF Al 23} HHtH
. 1. TF Displays & =& F7
e 2. tf20] 2|5l I Z=2|A| K

RObOtiCS 19 HUMAN Al ROBOTICS



ROS2 A|Zt2} &= RVIZ2

ozt
|

7HHIEE A 2=t

. C[2S20]of ZtH[2} B Y 37}

. 7tz EFQY EEO| M sensor_msgs/msg/image 41 Et

Robotics

20

I pisplays o]
= & Global Options
Fixed Frame base_link
Background Coler W 38; 48; 48
Frame Rate 30
= v Global Status: Ok
v Fixed Frame oK
v % Grid "

+ @ RobotModel

<%

+ . LaserScan
v Status: Ok

<]

v & Visibility v
+ Topic feolor/preview/image
Image Rendering background and overlay
overlay alpha 0.5
Zoom Factor 1
+ ) camera
Camera

Displays an image from a camera, with the visualized world rendered
behind it. Mare Information.

Add | Duplicate REMmove Rename

Rviz20i| EA|El ZtH2t O] B[ X|

=
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ZHHIZE Al Zt=t abA|

import rclpy

from rclpy.node import Node

from sensor_msgs.msg import Image
from cv_bridge import CvBridge
import cv2

class VideoPublisher(Node):
def _init__(self):
super().__init__('video_publisher")

self.publisher_ = self.create_publisher(Image, 'video_frames', 10)
timer_period = 0.033 # 30FPSE 2[$t EfO|H F7|
self.timer = self.create_timer(timer_period, self.timer_callback)

# HIC|2 2N 2 8 (ot = 7t 2

# self.cap = cv2.VideoCapture(0) # 7 ALEA|
self.cap = cv2.VideoCapture('your_video.mp4') # H|C|2 T+ AREA|

self.bridge = CvBridge()

def timer_callback(self):
ret, frame = self.cap.read()

if ret:
# Z2 0| BRECHHE ChA A|Zf
if frame is None:

self.cap.set(cv2.CAP_PROP_POS_FRAMES, 0)

ret, frame = self.cap.read()

# OpenCV O|O|X|& ROS HA|X| 2 st
msg = self.bridge.cv2_to_imgmsg(frame, encoding="bgr8')

self.publisher_.publish(msg)

self.get_logger().info('Publishing video frame')

def __del__(self):
self.cap.release()

Robotics

def main(args=None):

21

rclpy.init(args=args)
video_publisher = VideoPublisher()

try:
rclpy.spin(video_publisher)
except Keyboardinterrupt:
pass
finally:
video_publisher.destroy_node()
rclpy.shutdown()

HUMAN Al ROBOTICS
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ROS2 A|ZtZ} =4 RVIZ2

ZHHIZE Al Zt=t abA|

class MainWindow(QMainWindow):
def __init__(self):
super().__init__()
self.setWindowTitle("ROS2 Video Subscriber")
self.setGeometry(100, 100, 800, 600)

import sys #sY AN LY

import rclpy central_widget = QWidget()

from rclpy.node import Node self.setCentralWidget(central_widget)
from sensor_msgs.msg import Image layout = QVBoxLayout(central_widget)
from cv_bridge import CvBridge o
import cv2 # O|0|X| S HAIZ BHE

from PyQt5.QtWidgets import QApplication, QMainWindow, QLabel, QVBoxLayout, QWidget self.!mage_label = Qlfabel() ]

from PyQt5.QtCore import Qt, QTimer, pyqtSignal, QObject self.image_label.setAlignment(Qt.AlignCenter)
from PyQt5.QtGui import Qlmage, QPixmap layout.addWidget(self.image_label)

class ROS2SignalEmitter(QObject): # ROS2 £7|2}
image_received = pyqtSignal(Qlmage) rclpy.init(args=None)

def update_image(self, g_image):
self.ros2_subscriber = ImageSubscriber() b Himage( 3 9°)

# O|0|X] 27|58 A=20 &HAH =H
scaled_image = g_image.scaled(
self.image_label.size(),

class ImageSubscriber(Node): . . A
def __init__(self): # Signal Emitter 278

super().__init__('image_subscriber')
self.subscription = self.create_subscription(
Image,
'video_frames',
self.listener_callback,
10)
self.bridge = CvBridge()

self.signal_emitter = ROS2SignalEmitter()
self.signal_emitter.image_received.connect(self.update_image)

# ROS2 2T & 2|3t EfO|H

self.timer = QTimer()
self.timer.timeout.connect(self.spin_once)
self.timer.start(33) # 30 FPS

Qt.KeepAspectRatio,
Qt.SmoothTransformation

)

self.image_label.setPixmap(QPixmap.fromimage(scaled_image))

def closeEvent(self, event):
self.ros2_subscriber.destroy_node()

. rclpy.shutdown()
def listener_callback(self, data): def spin_once(self): . . event.accept()
self.current_frame = self.bridge.imgmsg_to_cv2(data, desired_encoding="bgr8') rclpy.spin_once(self.ros2_subscriber, timeout_sec=0)

. . def main():
if hasattr(self.ros2_subscriber, ‘current_frame'): app = QApplication(sys.argv)

# OpenCV O[OJX|S Qt O[D|X| 2 A2t window = MainWindow()
height, width, channel = self.ros2_subscriber.current_frame.shape window.show()

bytes_per_line = 3 * width sys.exit(app.exec_())
g_image = QImage(
self.ros2_subscriber.current_frame.data, if _name_ =='_main_"
W'dth' main()
height,

bytes_per_line,
QImage.Format_RGB888
).rgbSwapped()

self.signal_emitter.image_received.emit(q_image)

Robotics 22
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IMU G|O|E{ A]Ztg}

IMU CIO|H & =

UYHELNE 222 22
a0 MY JlaE =3

_I

o AhM| =78

rE MA GO[E|Qt 835

singUbuntul804:~$ rosmsg info sensor_msgs/Imu

std_msgs/Header header
uint32 seq
time stamp
string frame_id
geometry_msgs/Quaternion orientation
float64 x
float64 y
float6é z
float64 w
float64[9] orientation covariance
geometry_msgs/Vector3 angular_velocity
float6éd x
float64 vy
float64 z
floatb4[9] angular_velocity_covariance
geometry _msgs/Vector3 linear_acceleration
float64d x
float64 vy
float6é z
float64[9] linear acceleration covariance

Robotics

I O =8t s =d /ts

=13

—

orientation_q = msg.orientation

orientation_list = [ orientation_q.x, orientation_q.y, orientation_qg.z, orientation_q.w]
(roll, pitch, yaw) = euler_from_quaternion(orientation_list)

23
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RVIZ2 A|Zt3} Of Al

RPLIDAR L|O|E{ A|ZtS}

$ cd ~/ros2_ws/src

$ git clone https://github.com/Slamtec/sllidar_ros2.git
$ c¢d ~/ros2_ws

$ rosdep install --from-paths src --ignore-src -r -y

$ colcon build --symlink-install

$ source ~/ros2_ws/install/setup.bash

$ sudo chmod 666 /dev/ttyUSBO

$ ros2 launch sllidar_ros2 sllidar_launch.py

b Displays ]
Decay Time 0 <
Position Transformer XYZ
Color Transformer  Intensity
Channel Name intensity
Use rainbow v
Inver t Rainbow
Autocompute Inte... v

@ map
)

» Update Topic /map_updates

0

0
+ Position 0,00
» Orientation 0; 0.

Topic
Inav_msgs/msg/OccupancyGrid topic to subscribe to.

Alpha 0.7
Color Scheme costmap
Draw Behind

Resolution 0

Width

Height

;0:1
Use Timestamp

Add

Robotics

CEC2 M7 A "/scan" E

1) Fixed Frame B4

o A{EH

Global Options > Fixed Frame = laser

2) Axes 7t A HH

RViz X}= SIEHO| AddO| A Axes =7}

(Length %! Radius HE2 =)

3) LaserScan &7t A HH

RViz &= o}t AddO| A LaserScan =7}
(Topic x| Z == Color, Color Transformer &= &)

zto|ct M A TO|E{E 2D
x6 FOj2 AL 2ol

O Al

—

o

Of EA|
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ROS2 A|ZtZ} =4 RVIZ2

RViz2 #8 M& & 2EE

rviz It -2 RViz2(ROS Vlsuallzatlon Tool)o| A7 mYYUL|C} O] U2 RVIz22| AFEX} OIH oA HH,
ELC I %EDEI ANZtzt &M S RViz29| Wﬂ +d2 NE

“ Q’o I‘l
« File -> Save Config As
« YHINM O Z config C|HE2|0| MZ

from launch import LaunchDescription
aunch_ros.actions import Node
from ament_index_python.packages import get_package_ share_directory

import os
def generate_launch_description():

package_name = 'your_package_name’

package_dir = get_package_share_directory(package_name)

rviz_config_file = os.path.join(package_dir, ‘config®, ‘your_rviz_config.rviz")

< =
- 23 =07 o
rviz_node = Node(
(] RV|22 AEI-CI)-OH Al _d %AI_:‘EE erZ El-OEI% X|Io'| package="rviz2',

executable="rviz2",
name="rviz2'

> rViZZ - d yo u r_CO n fi g * rViZ arguments=[* :d *, rviz_config file],

e Launch ItL0A A [ E2{2& Y

output="screen"’

return LaunchDescription([
rviz_node

D
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D2HE J|X

EX O7|x| ¥S7| €5

1. URDF Package A/35}7|

$ mkdir -p ~/ws_urdf/src
$ cd ~/ws_urdf/src

$ ros2 pkg create --build-type ament_python urdf_tutorial * rm-rdf./build ./install ./log

$cd .
$ colcon build —symlink-install

« src/urdf_tutorial 20 Ot2f LS & 24 E =7t
$ cd urdf_tutorial e urdf: URDF L} & 2 A& iét|:-|
$ mkdir urdf « launch: ROS2 &l launch 23 EHE & N ¥

$ mkdir launch
$ mkdir config

HUMAN Al ROBOTICS
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3. setup.py

T =07 Aty 2otE = Q== 'sre/urdf_tutorial/setup.py'S Of2H 2F

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]),

('share/' + package name. [ 'package.xml'1).

(os.path.join('share', package_name,

(os.path.join('share', package_name,
1,
install_requires=['setuptools'],
zip_safe= 5
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'))

28
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4. 22 ool 0= 7|

'src/urdf_tutorial/urdf/robot_1.xacro’ It €= Bt=11 Of2{Qf Z 0| HE

version="1.0"
xmlns:xacro="http://ros.org/wiki/xacro" name="urdf_ test"

base_link: 7t&2| &3
body: 7t2, MZ, =0| 2} 1m¢l &
body_joint: base_link2} bodyE HZASt= joint

name="base_link"

O|_| )\I-X|-

name="body joint" type="fixed"
link="base_link"
link="body"

name="body"

size="1 1 1"
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o
El
A

‘src/urdf_tutorial/launch/robot_1.launch.py’ It &= Tt

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 DeclarelLaunchArgument

from launch_ros.actions import Node

import 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': 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])
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=gl
EX Ij7|X| 57| =
Hi— O
6. HE Ol &AM
L= o AlBHS T O Lol AlS
HNER| EHOZ20AM Ofel HH=2 oA AIY 2 ‘robot_1.launch.py’ L= &M
$ Cd N/Ws_u rdf Egnn:::els Hr:p [¢ Select Focus C: e . 2DPoseEstimate .~ 2DGoalPose @ PublishPoint < -
$ colcon build --symlink-install — . ;p“efw G
$ source install/setup.bash gt W g.,.t( -
$ ros2 launch urdf_tutorial robot_1.launch.py AT R
— L= 2 . . = bl
T HX 0| 20|A otz BES EASHA RvizS &
$ cd ~/ws_urdf/ws_urdf
$ source install/setup.bash
$ rviz2
= 1::: sa Rem Rename@

Robotics 4
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EX O7|x| ¥S7| €5

8. rviz2 &A™

Display > Global Option > ‘Fixed Frame’& 'base_link’ & H

File Panels Help

™yinteract

2 pisplays o
Global Options

Move Camera Select Focus Camera == Measure

Background Colol
Frame Rate 30
~ ¥ Global Status: Ok

v’ Fixed Frame OK
» @ Grid v

Fixed Frame
Frame into which all data is transformed before
being displayed.
Add
© Time
ROS Time: 1689350000.42 ROS Elapsed: 86.24

Reset

Robotics

# 2D Pose Estimate

Wall Time: |1689350000.45

RViz*

# 2D GoalPose @ PublishPoint < =

»@ Views

Distance

Yaw
Pitch

Save

Wall Elapsed: 86.24

~ Current View
Near Clip... 0.01
Invert Z Axis
Target Fra... <Fixed Frame>

» Focal Point

o

Type: Orbit (rviz_defat ~ Zero

Orbit (rviz)

10

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

0.785398
0.785398
0;0;0

Remove Rename

o]

Experimental

31fps

32

8

Q|

—

Eile panels Help

(Myinteract 1% Move Camera Iselect

&2 Displays
-~ ® Global Options

Background Color [l 48; 48; 48
Frame Rate 30

~ ¥ Global Status: Ok
v Fixed Frame  OK

» @ Grid v

Fixed Frame

Z sjcto

Focus Camera

Frame into which all data is transformed before

being displayed.

|© Time
ROS Time: 1689350087.24

Reset

ROS Elapsed: 173.06

| ‘'Add’ > 'TF’ > 'OK’

RViz*
rvizz * =
»a Views O
Create visualization Type: [Orbit (rviz_defac ~ || Zero
By display type = By topic ~ Current View  Orbit (rviz)
@ Marker - Near Clip ... 0.01
Invert Z Axis

W MarkerArray Target Fra... <Fixed Frame>

“\ Odometry Distance

~ Path Focal Shap... 0.05

¥ PointCloud Focal Shap... v

PointCloud2 Yaw 0.785398

® PointStamped Pitch 0.785398

w Polygon * Focal Point  0;0;0

7 Pose

Z PoseArray

¥’ PoseWithCovariance

¥ Range
elativeHumidity

|

@ wrench v

Description:

Displays the TF transform hierarchy. More Information.

Display Name

F

©cancel

Save

Wall Time: 1689350087.27 wall Elapsed: 173.06

Remove  Rename
°
Experimental

31fps
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9. TF B7|

TFO| 512 &= = 'Show Names’' = 1 E
S A0 ‘base_link’2} ‘body’ 7} B3 X

RViz* - o
Eile Panels Help
(Minteract 57 Move Camera Iselect FocusCamera ==Measure .~ 2DPoseEstimate .~ 2DGoalPose @ PublishPoint 4
3 Displays Sl
- @ Global Options
Fixed Frame base link
Background Color Il 48; 48; 48
Frame Rate 30
= ¥ Global Status: Ok
v FixedFrame  OK
+ @ Grid v
- T v
oW AXEs
Show Arrows v
Marker Scale 1
Update Interval 0
Frame Timeout 15
» Frames
» Tree .
1
bak.atilink
Fixed Frame
Frame into which all data is transformed before
being displayed.
Add
O Time:
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

Robotics

=l
U SHZ 20l=

33

Z SIEHO| 'Add’ > ‘RobotModel’ > 'Ok’

File Panels Help

(Hyinterat 6" Move Camera Iselect Focus Camera

£ pisplays o

# Global Options

Background Color

Frame Rate
* ¥ Global Status: Ok

v FixedFrame OK
+ ® Grid v
v ¥ TF

» v Status: Ok

Show Names
Show Axes
Show Arrows
Marker Scale
Update Interval
Frame Timeout
Frames
Tree

ae-wed <

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

© Time

ROS Time: 1689350276.45 ROS Elapsed: 362.27

Reset

RViZ*

& - "
rviz2 x

Create visualization

By display type = By topic
@ Marker =
$* MarkerArray
#\ Odometry
# Path
%: PointCloud
PointCloud2

® Pointstamped

w Polygon

7 Pose

Z PoseArray

¥ PoseWithCovariance
¥ Range

7 RobotModel

A
M Temperature
@ wrench

Description:

Displays a visual representation of a robot in the correct pose (as
defined by the current TF transforms). More Information.

Display Name
RobotModel
©cancel
°
Wall Time: 1689350276.49 wall Elapsed: 362.27 Experimental
31fps
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10. 2 Dl H 7|

RobotModel2| S}2| &= & 'Description Topic’= '/robot_description’ 2 2 HZA

r Al
RViz* S @ X

Eile Panels Help
(Minteract % Move Camera Iselect S FocusCamera =5 Measure .~ 2DPoseEstimate .~ 2DGoalPose @ PublishPoint & -

| o
~ ® Global Options
Fixed Frame base_link
Background Color [l 48; 48; 48
Frame Rate 30
* v Global status: Ok
v FixedFrame OK
» @ Grid v
-2 TF v
» 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

'File' 0| /Ol A 'Save Config As'S M Ef
[ Cancel Name [robot,rvizj I Q

(4t Home <  f{tcchyun = Workspace | ros_ws I src | urdf_tutorial = config I

[® Documents
$ Downloads
J1 Music

& Pictures

» = Videos

Des(npllon Sou.. £ ros_ws
TF Pf!flx
» Links

+ Other Locations

Description Topic

Topic where filepath to urdF is published RViz config files v

Add

© Time °
ROS Time: 168935041428 | ROSElapsed: 500.09 Wall Time: | 1689350414.31 Wall Elapsed: 500.09 Experimental

Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel: Zoom. Shift: More options. 31fps E E E (o | L= E_I 2 7 I

rviz2 —d ./config/robot.rviz
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11. £ E Y E5] 219l

Al R B O] 20| A Oflf BE = 20| rgt_graph= 2
$ rgt_graph
i rqt_graph__RosGraph - rqt sl X 7
#°Node Graph D® -0
Nodesonly v/ / B33
Group: 2 |- Namespaces v Actions v tf v Images | v/ Highlight V! Fit

Hide: v Deadsinks Vv Leaf topics v Debug

tf v/ Unreachable v/ Params

/robot_state_publisher nt
/tf_static

ftransform_listener_impl_5651109fd700

Robotics 3

/robot_state_publisher:
‘robot.launch.py' S
/transform_listner_Impl:
rviz20f| A &2t Node
'/robot_state_publisher’ Node=
'/transform_listner_Impl’ NodeO|| |
'/t /tf_static’ = ZH2] topicE TE

O] 8ol A

23S Node
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=H 2.1 7% A
EZ O7|X| 2E7| HE5
12. dFHH|2| A tHA
‘src/urdf _tutorial/urdf/robot_1.xacro’ It &= Of2ljet 0| =7
Vir:iig?:;iég;‘http://ros.org/wiki/xacro" name="urdf_test" « material white: [Z 0| &lAMEZ HAHSI=
white material& A
rebee1 11 1 MALS rgba BE 12 X

(Mo HR: 0~1)

name=base e « body link material: body link| 20l X3t

white material2 X| &
name="body joint" type="fixed"
HEE S 2rEot7| s A R B O] 20 A
CTRL+C' 7|2 3| ROS2E ZR3 & WS 44

size="1 1 1"

name="white"

36

Robotics

$ cd ~/ws_urdf/urdf_tutorail
$ colcon build --symlink-install

$ source install/setup.bash
$ ros2 launch urdf_tutorial robot_1.launch.py
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E X description

7|1ZE X4

= URDF, SDF, SRDF,XACRO

- EXO[ x4, &8 5= Z2lohY| ?lgt XML 7|2 mpd ZBH 8

I/

1L
0
Rl

= URDF
. 220| 7|7 IR(DHY)S HYSHs XML 7|8 N
. F2 229 g3, XL, HA|, 22N SNEY, BY 5) 52 o
. 2%0| B2|M B Yo|: 2R0| XS HAER M
2 g0l DU £2)9 TUSEIN TE U 253 ok $HE Ho
CBE DY 2RO/ 12 SHO S5 [ AL Tadt S HE(2E ML T HEfS O
. A|7_.H£1 2 20| A|ZA 532 933D HA|(FE STL, COLLADA) oY A2 E Hol
. ROS BANM 222 B RViz2 22 ABHO[E{0I N 228 AZtstots B URDF T+ ALS
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E & description

7| % x| 4]

= 23 (Link)

« description :232| 0| &, 2/&, F4(mass, kg), 2 2l
- QY FE AE, HE, 75!%””1|59—| HEoh By 2 E
S0t A= Hg| (mesh)E EH & == Q£ stl, dae(collda) ZZEHZ AL

» X9 E (Joint)

o~
) 5th axis

o Bl 4th axis
- description : ZQIEQ°| 0| F, BF, 232 7|& =, - i )
g%’él-% %—'ﬂl k o) Srd s
A&, AO) SX g2t E, NE S5 ), L
ZRE0 ROE= o /£ oo

ey

w/ 2nd axis

1st axis
g

(revolute joint) -

hutp:ffwww.rohotis.comy

5= (DOF) O L& 2| 0| E 635 (DOF) O L| E2{ 0| E
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E X description

7|1= X4

» I8 (Frame)
link2| originO| 7| &= ZtH (Frame)?| &| =0, HIE 0| HEAL| U= ZQUEQ XHE AIE

Frames 7|2 2 X QIE AO|Q] R{X| 2| & JHHQ U= 28otAL S35 #ool= 02 Bl

=92 S& FIXlE 28t

URDFO| M = <origin> Ef 17} A= S&ot=0|, @3t ZRIE M AESH= 2|0|7f =27 CrECLY,

Link origin
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E X description

7|1 X4

ozt

= 23 (Link)

<collision>, <visual>, <inertial> Ej _1

O] Ef A= link origin L 25 E 24 49| T K|S <origin> X 2= 28

=, 1 42 link orlgm_E—'T'—E-l o| ACHA O|E(X V,Z _._A-I s |7<-|(rp = A—I)-élj 9| x| o|LC}.
* rpy: roll, pitch yaw

<geometry> 7| 5hst M E=

= = A ™St=0|, box(x, v, z), cylinder(radius, length), sphere(radius), mesh(filename)
=9|, meshO| =30 & EI | 5._| st IH = X[
<geometry>°| 02 &9 <origin>0| A Aot

A
Z

~ |radm
~~—

—

Robotics
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E & description

ozt

7|1ZE X4

.

Link) URDFO| A{ <visual> Ef 1

o HI
T~

o TOEZEH 522 25cm 2T X[ H(xyz="000.25")0| S &S FIXIA[ZICY,

HISEO H:|§|.7|. A E|‘(rpy="0 0 Ou)

OO - L HA .

O| AT Z 7|2 AL EF HH|QF 22 10cmZE T2 Z0|= 50ecm”t &= box FELL| & A
(box size="0.1 0.1 0.5").

name="1ink2"
xyz="0 0 0.25" rpy="0 0 0"

size="0.1 0.1 0.5"

xXyz="0 0 0.25" rpy="0 0 0"
size="0.1 0.1 0.5"

name="orange"

xyz="0 0 0.25" rpy="0 0 0"
value="1"
ixx="1.0" ixy="0.0" ixz="0.0" iyy="1.0" iyz="0.0" izz="1.0"
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22 description aa
7| E X4
» X921 E (Joint) |
”~
. 220| ROIEZ Ho[SE O ALS X 2N
o 7—||' ZS?_'EE —I|:— Eol % OL:I7E:| Prismatic (P) Cylindrical (C)
.0 WAl 2 8X YU 4 YK Heo

-~

Revolute (R) Helical (H)

it 20| 9 2= S N %
e continuous (F=): A&t HIF X E AL 2|M S ot &4 A ‘

—
K| = aA Spherical (S)
—

» floating (Af17): 6Xt& O|S
e planar (3 H): o HHO| =22 0|F A 3

+4> ma o

r
30
rr
H
[l
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URDF - JOINT Of|A|

e <parent>, <child>
2 23 (parent link)2t XtA @ F(child link)2| O|& X7 (Z|M0f 7tz dA7t R2 &3)

o <axis>

o|F %2 Mol "y
=2 25| J|E AEE J|FECR HO| chi ropg C(\\\
St wed gws 28 Ay

e <axis xyz="00 1"/> .

z 0 9 B

A 7ol AR0le MBY| BRE 2 5 J|FOR 9N S

e <limit>
ZOIE FZZH0f| CHSt X[, X[ CH(lower, upper) KT AfEtS M7H.
ZOEQ BAHE[= e(effort, TF2I: N), SE(EH: radian/s)2| Ao 4% 278

Parent frame
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FH 2.1 7|=

URDF Of| A]

« URDF O} 2% Xt= UHX O 2 yrdf EE= .xacro
- LtZt0|HZE Z2&£ 0|5 292l 7t5 (0l: ros2 param get /robot_state _publisher robot_name)

name="example_ robot"
name="base_ link"

name="joint_chassis_left _wheel" type="continuous"
rpy="0 0 0" xyz="-0.5 0.65 0"
link="1ink_left_wheel"
link="1ink_chassis"

size="1 1 1" rpy="0 0 0" xyz="0 1 o"
effort="10000" velocity="1000"

name="red" damping="1.0" friction="1.0"

name="jointl" type="revolute"

link="base link"

link="1ink1" - parent : 7| &3 2HE (ZIM0 7t ©3)
Xyz="0 0 17 « origin: parent link ZtEA A Z=QIE %], 2|H
(rpy- 7|20 &, xyz- &XI0])
e axis: O =2 7|2 Z child 23 & S8 AQIX| LIEHH

name="my_robot"
(R ZEOM y=E 7|F22 2Z0|22 xyz='0 1 022 X9
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SLAM

HLH#+2lO|E] 2ET

RObOtiCS 46 HUMAN Al ROBOTICS



ozt
!

FH 2.1 7|=

ML 2| Ol & ZfZ|X| - 4o

DL E8(0lHe| 7[= §E & URDFZE A5 2 XL

EXO REY EHE B2 W7|X[& EX Y _descriptio2 2 0|F Bt=7|

. 220 DU YES B II|X| 4

$ cd ~/robot_ws/src

$ ros2 pkg create testbot_description --build-type ament_python --dependencies urdf

o urdf 20 8= urdf It 48 X 228 testboturdf ZE
DEME (ctrl+a) & SA
$ cd testbot_description

$ mkdir urdf rviz

$ cd urdf
$ vim testbot.urdf
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| L 2| O] & Z{Z|X| - URDF

testbot.urdf It

version="1.0"
name="testbot"

name="1ink2"

Xyz="0.0 0.0 0.25" rpy="0.0 0.0 0.0"
value="1.0"
ixx="1.0" ixy="0.0" ixz="0.0" iyy="1.0" iyz="0.0" izz="1.0"

name="green"
rgba="0 0.6 0 1"

name="orange"
rgha="1.0 0.4 0.0 1.0" Xyz="0.0 0.0 0.25" rpy="0.0 0.0 0.0"

size="0.1 0.1 0.5"
name="base"

name="orange"
name="1link1"

Xyz="0.0 0.0 0.25" rpy="0.0 0.0 0.0"
value="1.0"
ixx="1.0" ixy="0.0" ixz="0.0" iyy="1.0" iyz="0.0" izz="1.0"

Xyz="0.0 0.0 0.25" rpy="0.0 0.0 0.0"

size="0.1 0.1 0.5"

Xyz="0.0 0.0 0.25" rpy="0.0 0.0 0.0"

size="0.1 0.1 0.5"

name="green"

Xyz="0.0 0.0 0.25" rpy="0.0 0.0 0.0"

size="0.1 0.1 0.5"
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name="1ink3" name="1ink4"

Xyz="0.0 0.0 0.5" rpy="0.0 0.0 0.0"
value="1.0"
ixx="1.0" ixy="0.0" ixz="0.0" iyy="1.0" iyz="0.0" izz="1.0"

xXyz="0.0 0.0 0.25" rpy="0.0 0.0 0.0"
value="1.0"
ixx="1.0" ixy="0.0" ixz="0.0" iyy="1.0" iyz="0.0" izz="1.0"

xyz="0.0 0.0 0.5" rpy="0.0 0.0 0.0" xyz="0.0 0.0 0.25" rpy="0.0 0.0 0.0"

size="0.1 0.1 1.0" size="0.1 0.1 0.5"

name="green" name="orange"

Xxyz="0.0 0.0 0.5" rpy="0.0 0.0 0.0" xyz="0.0 0.0 0.25" rpy="0.0 0.0 0.0"

size="0.1 0.1 1.0" size="0.1 0.1 0.5"

RObOtiCS 49 HUMAN Al ROBOTICS



ozt
!

FH 2.1 7|=

| L 2| O] & Z{Z|X| - URDF

name="base_joint" type="fixed" name="1ink3_1ink4" type="revolute"
link="base" xyz="0.0 0.0 1.0" rpy="0.0 0.0 0.0"
link="1ink1" link="1ink3"
link="1ink4"
Xyz="0.0 1.0 0.0"
name="1linkl 1link2" type="revolute" lower="-2.617" upper="2.617" effort="30.0" velocity="1.571"
Xyz="0.0 0.0 0.5" rpy="0.0 0.0 0.0"
link="1ink1"
link="1ink2"
Xyz="0.0 0.0 1.0"
lower="-2.617" upper="2.617" effort="30.0" velocity="

name="1ink2_1ink3" type="revolute"
xXyz="0.0 0.0 0.5" rpy="0.0 0.0 0.0"
link="1ink2"
link="1ink3"
Xyz="0.0 1.0 0.0"
lower="-2.617" upper="2.617" effort="30.0" velocity="1.571"
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ML 208 Th7|X| - 2K ot &g

. K| THY MY

« check_urdf Lt urdf_to_graphiz 2 €2 BH0Z SdlA| Z-dTt URDF syntaxLt dIEE & 25 =240
« testbot_description I|7|X| EEZ O| S} testbot.launch.py Lt d4-d

$ cd ~/robot_ws/src/testbot_description
$ mkdir launch

$ cd launch
$ vim testbot.launch.py

X S8 testbotlaunch.py ZE
oEM

ME(ctrl+a) & Al
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URDFE &2 robot_description Lt2t0|E{ 2}
joint_state_publisher, robot_state_publisher, rviz2 =EZ 7

import os robot_state publisher = Node(

from ament_index_python.packages import get_package_share_directory package="'robot_state_publisher',
from launch import LaunchDescription executable="robot_state_publisher’,
from launch_ros.actions import Node parameters=[

{'use_sim_time': 1
generate_launch_description(): {'robot_description': robot_description_file}
rviz_display config file = os.path.join( s

get_package_share_directory('testbot_description'), output="'screen')
'rviz',
‘testbot.rviz') joint_state_publisher_gui = Node(
urdf_file = os.path.join( package="'joint_state_publisher_gui',
get_package_share_directory('testbot_description'), executable="joint_state_publisher_gui',
‘urdf', output="screen')
"testbot.urdf')
with open(urdf_file, 'r') as infp: rviz2 = Node(
robot_description_file = infp.read() package="rviz2',
executable="rviz2"',
LaunchDescription() arguments=['-d', rviz_display config_file],
output="screen')

1ld.add_action(robot_state_publisher)
ld.add_action(joint_state_publisher gui)
1d.add_action(rviz2)

return 1d
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$ vim ~/robot_ws/src/testbot_description/setup.py

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

package_name = 'testbot_description’

setup(
name=package_name,
version='0.0.0",
packages=find_packages(exclude=["test']),
data_files=[
('share/ament_index/resource_index/packages"',
[ 'resource/' + package name]),
('share/' + package name, ['package.xml']),
(os.path.join('share', package name, 'launch'), glob('launch/*.launch.py')),

Setup py E|-OE|9—| |:.”O| E_I E'_OEI O.” (os.path.join('share', package name, 'urdf'), glob('urdf/*.urdf')),
ol

(os.path.join('share', package name, 'rviz'), glob('rviz/*.rviz'))
LaunchIZt Q1 urdf I, rviz Tt =7} ]
J

install requires=['setuptools'],
zip_safe= ,
maintainer="ABC',
maintainer_email="'ABC@todo.todo",
description="'TODO: Package description’,
license="'TODO: License declaration',
tests_require=['pytest'],
entry_points={

‘console_scripts': [

1
}s
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O L|F210| 5 IZi7|X|- Launch It

) /home/daeho/robot_ws/src/testbot_description/install/testbot_description/share/testbot_description/rviz/testbot.rviz - RViz [— O] x]
File Panels Help

. . [{L‘“[\nteract " Move Camera 4 Select {3 Focus Camera @ Measure # 2D Pose Estimate # 2D Goal Pose 9 Publish Point L1 ‘="
$ cd ~/robot_ws/src/testbot_description 0 vispiys 0 - 0
~ % Global Options Type: | Orbit (rviz_default | = Zero

Fixed Frame map

$ colcon build --symlink-install edrome m
$ source install/setup.bash - © oo sz o

@ Fixed Frame Frame [map] does not ex...

$ ros2 launch testbot_description testbot.launch.py @ crid :

~ Current View Orbit (rviz)
Near Clip Di... 0.01
Invert Z Axis
Target Frame  <Fixed Frame>
Distance
Focal Shape... 0.05
Focal Shape... v
Yaw 0.785398
Pitch 0.785398
+ Focal Point 0;0; 0

r
Joint State Publisher — O ><1
1 »
Randomize
Center

link1_link2 0.00 ‘

——
|
|

link2_link3 0.00

——
]
|

link3 link4 0.00 Add save Remove Rename
| (©) Time (0]
| ROS Time: |1728017779.72 ROS Elapsed: |6.58 Wall Time: | 1728017779.76 Wall Elapsed: 6.58 Experimental
| Reset 31 fps
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ozt

Eile Panels Help

@Interact "‘??"Move Camera _iSelect -C@Focus Camera M Measure # 2D Pose Estimate A 2D Goal Pose 9 Publish Point a9p »

1 Displays (@]

- b=l Optinns
Displays -> Global Options {T-E?:"fi’gﬁ"n’jcm =
-> Fixed Frame : base fipeses ?

= " Global Status: Ok
v Fixed Frame OK

b Grid v

Add -> TF i e B
VisuaIaE::bled v

Add -> RobotModel + Was roperts ‘ ,
:p;::e Interval 2

Nesconfion Sourre  Jonic

D | S p | ays - > RO bot M od el >| DescriEtion ToEic frobot descriEtionI

TF Prefix

-> Description Topic : /robot_description " Links

Description Topic
Topic where filepath to urdf is published.

Add
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0L B2 0|8 TH7|X|- A|Zt3} 2ol

|

Joint State Publish guiOi| A{
joint 2= HHHZIEHAM 224 =0l

[ Joint State Publis... [ _ |[O][ x|

Randomize

Center

link1_link2

link2_link3

link3_link4
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H L +#a Ol THZ[X| - =E
Default - rgk o x
i Fie Plugins Bunning Porspediives Help
» Mode Graph DESED - O X
jOi nt_State_pu bl iSher : ;;U:G:Hiﬁ}:::l:a“‘ v Actions ; I:rIr + images | Highlight  Fit Ir =S o=

Hide:  Dead sinks Leaf topics Debug tf « Unreachable + Params

robot_description EEH 2= URDF7| =O{X|H
URDFQ| joint 242 joint_state_publisher_guiZ &0}
/joint_states EL O Z IS E|A| e e

I — r - — e
o] frobot_state_publisher - H_— (4 . Fransform_listenes_impl_sanb 14036290

— — —

=
N T————— =<
. frobat_deseriptien | = pontstats publisher > )
iy e |
T
“‘“—-x

< mgapypote s ,(’;_::;H ki
robot_state_publisher : e f;z [ emezo |

— —

r e = R
[ i - e @) ==l
URDFe| 258 MHEQ} joint_state EL NE &8 Joint State Publisher — O x] .\._f_zf:h_ﬂ_:% __lm
B Randomize —— _ move basa,_simple
HAtek TF Q2 E /tf, /tf_static EEHOZ I{E2[A| — | Jﬂ —rr—
link1_link2 0.00 |
S ]
|
link2._link3 0.00
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/joint_states (sensor_msgs/JointState) :
AMAHIO| e 2= SA0|= ZQIE B 2f

:~% ros2 topic echo /joint_states

header:
stamp:
sec: 1728018856
nanosec: 839715981
frame_id: '°
name:

e /tf (tf2_msgs/msg/TFMessage) :

o
229 2%

- link3 linka
position:

- ©.9196138

velocity: []
effort: []

/robot_description (std_msgs/msg/String) :
EX URDFO|| CHSt String 4k
robot_description parameter0f| 70| A& &|™
Ol ELOE republish 3t X0l HEE ME

:~% ros2 topic echo /robot description
data: "<fxml version=\"1.8\" ?>\n<robot name=\"testbot\">\n\n

<material name=\"green\">\n <color rgba=\"@ 6.6 0 1\" />\n
</material>\n <materia...”

Robotics 8

A L
= = ZQIE HE

- 1.1739862000000003 /tf_static (tf2_msgs/msg/TFMessage) .
EXO| X x0E HE

G ¢ ros2? topic echo /tf static

transforms:
- header:
stamp:
sec: 1728023127
nanosec: 547174380
frame id: base
child frame id: linkl
transform:

translation:
X: 0.9

R ~$ ros2 topic echo /tf
transforms:
- header:
stamp:
sec: 1728023279

660042052

transform:
translation:
X: 0.0
y: 0.0
Z: 9.5
rotation:
X: 0.0
y
ya 5059352681382144
W 625714488979525
- header:
stamp:
sec: 1728023279
nanosec: 668042052
frame id: link2
child frame_id: link3
transform:
translation:
X: 0.0
y: 0.9
Z: 0.5
rotation:
X: 0.0
y: 0.40539555891248347
Z: 0.0
wW: 0.9141413680684377
- header:
stamp:
sec: 1728823279
nanosec: 660042052
frame id: link3
child frame_id: link4
transform:
translation:
X: 0.9
y: 0.0
z: 1.0
rotation:
i 0.0
1 0.5538599559972637
. 0.0
1 0.8326098420885433
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Urdf @0

check urdf

check urdf 2O 2 A S URDF2
=H8 5 Sl Z 239 A4 A E =29l s

urdf_to_graphiz

Cio|ojEio 2 S
gv D1} pdf ot 4o
2 Ae} ZQIELLS| 27
ZQIE ALO|2of &fCy

[H# #HekEg ohEof =0

2t ZOIEQf

I

O

Pa
for
ﬂJ|0
[OF

r

Robotics >

$ check urdf
~/robot_ws/src/testbot_description/urdf/testbot.urdf

robot name is: testbot
Successfully Parsed XML
root Link: base has 1 child(ren)
child(1): link1
child(1): link2
child(1): 1link3
child(1): linka

$ urdf_to_graphiz
~/robot_ws/src/testbot_description/urdf/testbot.urdf

WARNING: The executable named 'urdf to graphiz' is deprecated. Use 'urdf to graphviz' instead.

WARNING: OUTPUT not given. This type of usage is deprecated!Usage: urdf to graphviz input.xml
OUTPUT. pdf.

Created file testbot.gv

Created file testbot.pdf _
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1. car_tutorial package /4 & 2=

$ mkdir —p ~/car_ws/src
$ cd ~/car_ws/src/

$ ros2 pkg create --build-type ament_python car_tutorial
$ colcon build —symlink-install

2.5 4702 EHE 48

$ cd ~/car_ws/src/car_tutorial

$ mkdir urdf launch config world
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rRA

A Mo

3. package.xm| It HE
D ROS 2 BIC A|AEIT} IHF|X| DHR|XIOIA oS BE MHE Fo
- {7 K| 2t o|E=EHE 2 ol Zstl, 2 =M= Z-stH, 7| X|0f Ciet HIEHIO|HE M

version="1.0' H = O|=A]. i
href="http: 4" schematypens="http://www.w3.0rg/200 .IAEI"'_ _l ; o <bUI|d_depend>
format="3 Al O|=d: <exec_depend>
car_tutorial =] al AlS = .
0.0.0 -AE Sl A3l o[ EH: <depend>
TODO: Package description

email="cchyun@todo. todo">cchyun

TODO: License declaration

rclpy
geometry_msgs

ament_copyright
ament_flake8
ament_pep257
python3-pytest

ament_python

src/car_tutorial/package.xml

Robotics 62
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7| x| HIEtHIOlE F58 E2

Python2| setuptools=

t glob
rt find_packages, setup

package_name = ‘¢

setup(
name=package_name,
sion="0.0
pa(kages find packages exclude=
data_files

+ package_name] ),

path.join(
.path.join(
.path.join(

'
install_requires=
zip_safe=

maintainer=
maintainer_email=
description=

license=

tests_require= yytest'],
entry_points=

, package_name,
, package_name,
, package_name,

h'), glob(
ig'), glob(' [
'), glob( 'urdf/=.x

src/car_tutorial/setup.py

Robotics

AHEot0] T 7| X| 2| H|EFEH| O] B 2f

7K HE A 0|
0| &, 7,

A
&5 ﬁo.j

ESEAP S X—IOl
oo o—

Y S2| HEHO|H & X[

JIf7|X| 7t 2R 2 5= CHE ROS 2 I 7| X| Lt Python 2t0|E2{E2|E HA|

X A R

-2 I+, Python 2=, H|O|H 0¥ &

O] ItYE colcon EE

63

o 7| X[ o =

*lAE"Oﬂ Ol5f AHEE|O| Ii7|X|E
ROS 2 7HZ0f| M setup.py= packagexmlzt BH7H mj7| K| —‘rLM ol SHAl @A

e

|:|0I'

g2 YC

= StE2ECS X—|O|
ST =2 o—
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<?xml version="1.0"?>
<robot

xmins:xacro="http://www.ros.org/wiki/xacro"
name="urdf_tutorial">

<!-- COLOR -->

<material name="white">
<color rgba="1111" />

</material>

<material name="blue">
<color rgba="001 1"/>
</material>

<material name="black">
<color rgba="000 1"/>
</material>

<material name="red">
<color rgba="100 1"/>
</material>

<!-- BASE LINK -->
<link name="base_link">
</link>

<!-- LEFT WHEEL LINK -->

<!-- BODY LINK -->

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

</joint>

<link name="body">
<visual>
<origin xyz="0.1 0 0.03"/>
<geometry>
<box size="0.2 0.1 0.06"/>
</geometry>
<material name="white"/>
</visual>
<collision>
<origin xyz="0.1 0 0.03"/>
<geometry>
<box size="0.2 0.1 0.06"/>
</geometry>
</collision>
</link>

src/car_tutorial/urdf/car.xacro

Robotics

<joint name="left_wheel_joint" type="continuous">
<!-- CASTER WHEEL LINK -->

<parent link="base_link"/>
<child link="left_wheel"/>
<origin xyz="0 0.065 0" rpy="-%{pi/2} 0 0" />
<axis xyz="00 1"/>
</joint>

<link name="left_wheel">
<visual>
<geometry>
<cylinder radius="0.03" length="0.03"/>
</geometry>
<material name="blue"/>
</visual>
<collision>
<geometry>
<cylinder radius="0.03" length="0.03"/>
</geometry>
</collision>
</link>

<!-- RIGHT WHEEL LINK -->

<joint name="right_wheel_joint" type="continuous">

<parent link="base_link"/>
<child link="right_wheel"/>
<origin xyz="0 -0.065 0" rpy="${pi/2} 0 0" />
<axis xyz="00 -1"/>
</joint>

<link name="right_wheel">
<visual>
<geometry>
<cylinder radius="0.03" length="0.03"/>
</geometry>
<material name="blue"/>
</visual>
<collision>
<geometry>
<cylinder radius="0.03" length="0.03"/>
</geometry>
</collision>
</link>

64

<joint name="caster_wheel_joint" type="fixed">
<parent link="body"/>
<child link="caster_wheel"/>
<origin xyz="0.03 0 0"/>

</joint>

<link name="caster_wheel">

<l-- CAMERA -->

<visual> <joint name="camera_joint" type="fixed">
<geometry> <parent link="body"/>
<sphere radius="0.03"/> <child link="camera_link"/>
</geometry> <origin xyz="0.20 0 0.03" rpy="00 0"/>
<material name="black"/> </joint>
</visual>
<collision> <link name="camera_link">
<geometry> <visual>
<sphere radius="0.03"/> <geometry>
</geometry> <box size="0.01 0.03 0.03"/>
</collision> </geometry>
</link> <material name="red"/>
</visual>
<collision>
<geometry>
<box size="0.01 0.03 0.03"/>
</geometry>
</collision>
</link>

<joint name="camera_optical_joint" type="fixed">
<parent link="camera_link"/>
<child link="camera_link_optical"/>
<origin xyz="0 0 0" rpy="${-pi/2} 0 ${-pi/2}"/>
</joint>

<link name="camera_link_optical">
</link>

</robot>
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ROS 29 launch T2 0f3] = EQF 1 TAHS 3 HO| AIXIE £ U 8jF= &7

import os

from ament_index_python.packages import get_package_share_directory
from launch import LaunchDescription

from launch_ros.actions import Node

# 07|10 =2} 7|E} launch 2452 ™9

def generate_launch_description():
package_name = 'car_tutorial'

-

# robot_state_publisher

pkg_path = os.path.join(get_package_share_directory(package_name)) .
xacro_file = os.path.join(pkg_path, 'urdf', ‘car.xacro’) # E cll X~ Ol _]_L|- ol Xl ~
robot_description = xacro.process_file(xacro_file) = =
params = {'robot_description": robot_description.toxml(), 'use_sim_time": Fals¢

rsp = Node(
package="robot_state_publisher’,
executable="robot_state_publisher",

e ams) # robot_state_publisher 2 = E 7g2|, Oi2f0|H =2
) robot_description 2 M
# rviz2
rviz = Node(

package="rviz2',
executable="rviz2',

name="rviz2', . .
output='screen’, # erZZAEI ?:I;I _LEE g 9_|
arguments=['-d', 'src/car_tutorial/config/car.rviz'l],

)

1 L hD tion(
re Lfl’n aunchDescription # _LEE El EJ

rsp,
rviz,
]
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from launch.actions import DeclareLaunchArgument
from launch.substitutions import LaunchConfiguration

DeclareLaunchArgument('use_sim_time', default_value="'false"),
Node(
# ...
parameters=[{'use_sim_time". LaunchConfiguration(‘'use_sim_time')}]

)

H Al
7% A

0%

from launch.conditions import IfCondition

Node(
#

condition=IfCondition(LaunchConfiguration('condition_var"))

)

Robotics 06
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CIZ Jaunch oHY =&t

from launch.actions import IncludeLaunchDescription
from launch.launch_description_sources import PythonLaunchDescriptionSource

IncludeLaunchDescription(
PythonLaunchDescriptionSource(['/path/to/other/launch/file.launch.py'])

)

7|Et: OJHIE dl52, A&t
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$ cd ~/ws_car/

$ colcon build --symlink-install

$ source install/setup.bash

$ ros2 launch car_tutorial fake.launch.py

« RobotModel2| 'Description Topic'= '/robot_description'2 2 2745 H Of2fjet Z 0| 2 20| E ¢l
- ‘Status' Error’| &Hd3=0| O| &
- & 71 2] Joint (left_wheel_joint, right_wheel_joint)0f| CH St /joint_states Topice =4ISHX| £ 7| 2.
- ME22 &H0| M joint_state_publisher_gui =2
$ ros2 run joint state publisher gui joint state publisher gui

tutorial/config/carrvize - RViZ

Pimead | Smowcmen  [ised  BlousCmen  SMesre 4 0Poettinke  #DCodPose @ blshont ¢ = Cawterct | Move Camera

---------

being displayed.

559238, ROS Elapsed: 96.97 Wall Time: |1691559238.11 Wl Elapsed: 96.97 x; ol Elapsed: [122.73 W Time: 169155926187 | Wall Elapsed: |122.73
Reset | Left-Click: R h . 5 3tps
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ojo|x| H7|et 28 XME

-

File Panels Help

yInteract

[ pisplays
- & Global Options

¥ Move Camera

Background Color I 48;

Frame Rate 30
= v Global status: Ok

v’ Fixed Frame  OK

< Grid v/
2> TF v
@ RobotModel v
+ @ Status: Error
Visual Enabled v
Collision Enabled
Mass Properties
Update Interval 0
Alpha 1
Description Sou... Topic

«

TF Prefix
Links

@ Time

ROS Time: | 1691560411.27

Reset

Robotics

Fixed Frame base_link
5 48; 48

Description Topic /robok_description

_iSelect

<& Focus Camer=

src/car_tutorial/config/car.rviz - RViz

T Acsscn AP Bacn Cetimata £ 90 Fnal Baca

rviz2
Create visualization

By display type
- Axes
B8 camera
& Effort
Ell Fluidpressure
€ Grid
FZ GridCells

By topic

1 image
InteractiveMarkers

+1. Laserscan

F Map

@ Marker

¥* MarkerArray

“\ Odometry

#~ Path

PointCloud

PointCloud2

Description:

The Image display creates a new rendering window with an

image.

Display Name

Image

O cancel

O Bublich Bmint b =

x L

ROS Elapsed: |957.67

Wwall Time: 1691560411.30

wall Elapsed: |957.67

(o]
Experimental

31fps

Jil8 Panels Help

Open Config Ctrl+0
Save Config Ctrl+s

Recent Configs
Save Image
Quit Crls(

v @ status: Error
Visual Enabled v
Collision Enabled
Mass Properties
Update Interval 0
Alpha 1
Description Sou... Topic
Description Topic /robot
TF Prefix

+ Links
~ @ Image M

» @ status: Error

» Topic

Topic
sensor_msgs/msg/image topic t

Add
Image

No

© Time

ROS Time: |1691560533.03

Reset

69

Sa[«¢ Config As Ctrl+Shift+s

Cancel

{3t Home

3 Documents
4 Downloads
J1 Music

[ Pictures
B Videos

B ros_ws

+ Other Locations

ROs Elapsed: |1079.43

4§~ Focus Camera

2| ImageE =7}
src/car_tutorial/config/car.rviz’ Off X &

srefcar_tutorial/config/car.rvizt - RViz

cmMeasure ¢ 2D PoseEstimate ¢ 2DGoalPose  § Publish P

Name I [« |

< | {4} cchyun WOrkspaceI ros_ws src | car_tutorial = config

Wwall Time: |1691560533.06 ‘Wall Elapsed: |1079.43

RViz config files ~
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1. ROSO|| AtSAHE MO St Rviz2 = QIS | fot X A9 HAEEZ £ 24
- Keyboard Controller: At&sAte| &igk/= = £ X 0|5t= EH % Topic TS 2|
- Real Driver: XFEXHHI dtok/5 & N OSte HdE 2 ELf 0 AN XAbsKte| gal/£ ol S- 4 HE2 4
7t 2t 2t H HE E =LA Topic H= E|-r|
- Odometry: Xf%*&l o*@/ﬁ—.‘-EBI ZHU=Z 0|8 X RAtSKL| X E A At L= OB 2t TF I = 2
e
Lo RESREQIRI 5 ! ' Odometry :
\\\.\ei/‘gi‘(’—i’g) - -xr%xrw“xlﬁlér"‘_‘ e @) ;
‘HMHH """""""" ‘ ____________________________________ Fa_.ke -%E/‘c‘li.*“éi?o‘%%’é!?.ﬁi*r%
e W T - « Ftofa} &po Driver [ - 7t 7toljet sp 2
5 o S5/48 (HY) 5
/,x‘;g/a@ @y) I éE,;@(u 2
-------------------
=P (IPNEON, M ESIPNEEIN,
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2. X"% —_r"% 77_"5% E:I e 75!'@ def update_odometry(self):
dt = 0.1 # EtO| 7|
import rclpy selfx += selflinear_velocity * math.cos(self.theta) * dt
from rclpy.node import Node selfy += selflinear_velocity * math.sin(self.theta) * dt
from geometry_msgs.msg import Twist selftheta += self.angular_velocity * dt
from nav_msgs.msg import Odometry
import math odom = Odometry()
odom.header.stamp = self.get_clock().now().to_msg()
class DiffDriveController(Node): odom.header.frame_id = 'odom'
def _init__(self): odom.child_frame_id = 'base_link'
super().__init__('diff_drive_controller’) odom.pose.pose.position.x = selfx
self.subscription = self.create_subscription( odom.pose.pose.position.y = selfy
Twist, odom.pose.pose.orientation.z = math.sin(self.theta / 2.0)
‘cmd_vel’, odom.pose.pose.orientation.w = math.cos(self.theta / 2.0)
self.velocity_callback, self.publisher.publish(odom)
10)

self.publisher = self.create_publisher(Odometry, ‘'odom’, 10)

selftimer = selfcreate_timer(0.1, selfupdate_odometry) def main(args=None):

selfx = 0.0 rclpy.init(args=args)
selfy = 0.0 controller = DiffDriveController()
selftheta = 0.0 rclpy.spin(controller)

controller.destroy_node()

selflinear_velocity = 0.0
rclpy.shutdown()

selfangular_velocity = 0.0

if _name__ =="'_ _main_"

def velocity_callback(self, msg): in0
main

selflinear_velocity = msg.linearx
self.angular_velocity = msg.angular.z
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3. Rviz2 H3lo| A|Z+3}
- RViz2 XtN[&= A|Z2H|0|E{ 7t OfL[2t AlZtet E410|X[Bt Xt Ol ZEE2| BAYUS AL 7=

RViz2 &%
- RViz2E& A¥stD Chg CAZFH 0|52 =7t
« RobotModel (Z&£ A|Zt3H
- TF (Rt& =g 2tA)
« Odometry (Z229| 0|5 4 =)

=

1.8 X| ot Hall: ros2 launch car_tutorial your launch_file.py

2 A&l r0s2 run car_tutorial diff_drive_controller
S

3.Teleop A& (MEHALZH): ros2 run teleop_keyboard
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N 2X Ao njArd

4. 7tX| B (gazebo) A2zt

-=2| A|E2]|0|M
- O M=ot A Z20|ME 2SI
- Gazebo= ROS22} E8HE| O Q)

i Lt

= Gazebol} &2 =2| AT APESI= A #HE
1O RViz22t BHH| AL,

MM AlEE[O]H
- 2 X 220 ZEE WM SOl: 2tO0ILf, ZHHE )& AlZ2|01d5t2 B =71H 2l e ELF Gazebo 21210 22

o Eue|F
- 2H 2X Moo ArgE €n2[F (0l PID MO, o= 2L 5)= 7ot HAE.

-Lj| 5] A| 0] 4
- ROS29| nav2 Ij7|X| & A&t Xt& = 7|ls= 7

rot
Ot
=
=
>
m

-0
- SLAM (Simultaneous Localization and Mapping) €11 2|&2 #2510 20| 23 M= HH5t= 1P7ES Al=2 0] A.
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4. Caster Wheel 3=7}5}7|

<!-- CASTER WHEEL LINK -->
<joint name="caster_wheel_joint"
type="fixed">
<parent link="body"/>
<child link="caster_wheel"/>
<origin xyz="0.03 0 0"/>
</joint>

<link name="caster_wheel">
<visual>
<geometry>
<sphere radius="0.03"/>
</geometry>
<material name="black"/>
</visual>
</link>

Robotics

5. Collision =7}5}7|

AtS A7t Aot 7t 0
5= AlEd 01142 ?ISHAM collisions 77t

<link name="body">
<visual>
<origin xyz="0.1 0 0.03"/>
<geometry>
<box size="0.2 0.1 0.06"/>
</geometry>
<material name="white"/>
</visual>
<collision>
<origin xyz="0.1 0 0.03"/>
<geometry>
<box size="0.2 0.1 0.06"/>
</geometry>
</collision>
</link>
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<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*x+y*y)}" />
</inertial>
</xacro:macro>

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

7. URDFE GazeboOl| M 2 & E}7|
$ rosZ2 launch urdf tutorial robot 3.launch.py use sim time:=true
$ rosZ2 launch gazebo ros gazebo.launch.py
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FH 2.1 7|=

MM HE A|ZHS - ODOM,TF &

o

AME AEL28EH 2X9| JUH f[X| =73
g eIAH JEL 2y 58 HM 7oz =3

=

CHE B0t Ol §E & AMESIY 22| fIX|E FHBHALE LIH|AH 0|10 &8

7|2t =0 A lLfEHJIH(*I 7t A2, QAL SiM =, B ) E 4™ L o
.95m|Ea| AFE| B2 (x, y, theta, 21 Z/Q 2% E)\2 & 7|3}8HL|C}, pip install transforms3d
QIZEN QEX 3 O|FAM ElS JESHL|CE,
QEWIEEI HAIXIE gl HE2|HE H-de Lt
TEEHREIAHE A I4o+|_| C}.
SEHER| YU 9 EO[0E MABLC)
= S =(left_callback, right_callback)0flAl Q12 & JEE MFetLICh WheelOdometryNode =22

packagexml0i 2ot o|EdS FItgLCh
xmlCopy<depend>std_msgs</depend>

pUb'ISh odometry D'”A'I EO'”A'I QED'” E El 7:”A|'J__||' l'_C.’_CL'l <depend>nav_msgs</depend>
<depend>geometry_msgs</depend>

.2} 20| O|E H2|2 A AFStLICE <depend>tf2_ros</depend>

*2X9| 0|5 HE[2t 2™ A4S ALt L E

*setup. py01| O.il 2|
O.I.LH9|X| E |'_T'_

CIES F7hgLCt
L

A S
el — |

b

237 2t2 E L|019 i obet Lot
«Odometry I31|)K|7(|

TF(Transform) Ij1|/K|?(|
QOITH ElS a| AL C}

-
20| 9X|9 weke lnlo|EF Lt
A

n- 6H'<'5H_||:|-
)gl |.—| ug:;HAEoH_“q-

St
A
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import rclpy def publish_odometry(self):
from rclpy.node import Node # Calculate distance traveled by each wheel
from std_msgs.msg import Int32 left_distance = (self.left_ticks / self.ticks_per_revolution) * 2 * math.pi * self.wheel_radius
from nav_msgs.msg import Odometry right_distance = (self.right_ticks / self.ticks_per_revolution) * 2 * math.pi * self.wheel_radius
from geometry_msgs.msg import TransformStamped, Quaternion
from tf2_ros import TransformBroadcaster # Calculate change in position and orientation
import math distance = (left_distance + right_distance) / 2
from tf_transformations import quaternion_from_euler delta_theta = (right_distance - left_distance) / self.wheel_separation
class WheelOdometryNode(Node): # Update pose

def __init__(self): self.x += distance * math.cos(self.theta)

super().__init__('wheel_odometry_node’) selfy += distance * math.sin(self.theta)

self.theta += delta_theta
# Parameters
self.wheel_separation = 0.5 # Distance between wheels in meters # Create quaternion from yaw
self.ticks_per_revolution = 1000 # Encoder ticks per wheel revolution q = quaternion_from_euler(0, 0, self.theta)
selfwheel_radius = 0.1 # Wheel radius in meters

# Publish odometry message

# Odometry state odom = Odometry()
selfx = 0.0 odom.header.stamp = self.get_clock().now().to_msg()
selfy = 0.0 odom.header.frame_id = 'odom’
self.theta = 0.0 odom.child_frame_id = 'base_link'
selfleft_ticks = 0 odom.pose.pose.position.x = self.x
self.right_ticks = 0 odom.pose.pose.position.y = selfy
odom.pose.pose.position.z = 0.0
# Subscribers odom.pose.pose.orientation = Quaternion(x=q[0], y=q[1], z=q[2], w=q[3])
self.left_sub = self.create_subscription(Int32, 'left_ticks', self.left_callback, 10) self.odom_pub.publish(odom)

self.right_sub = self.create_subscription(Int32, 'right_ticks', self.right_callback, 10)
# Broadcast TF

# Publishers t = TransformStamped()
self.odom_pub = self.create_publisher(Odometry, 'odom’, 10) t.header.stamp = self.get_clock().now().to_msg()
t.header.frame_id = 'odom’ . )
# TF Broadcaster t.child_frame_id = 'base_link' def malr!(e?rgs=N0ne).
self.tf_broadcaster = TransformBroadcaster(self) t.transform.translation.x = self.x rclpy.init(args=args)
t.transform.translation.y = selfy node = WheelOdometryNode()
# Timer for publishing odometry t.transform.translation.z = 0.0 rclpy.spin(node)
self.create_timer(0.1, self.publish_odometry) # 10Hz t.transform.rotation = odom.pose.pose.orientation node.destroy_node()
self.tf_broadcaster.sendTransform(t) rclpy.shutdown()
def left_callback(self, msg):
self.left_ticks = msg.data # Reset ticks . _ A
self.left_ticks = 0 if —hameé__=="_main__:
def right_callback(self, msg): self.right_ticks = 0 main()

self.right_ticks = msg.data
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joint_states= URDFOI| Al T 2|5t &= 7] 2] Joint (left_wheel_joint, right_wheel_joint) J &

import rclpy

from rclpy.node import Node

from rclpy.executors import MultiThreadedExecutor
from sensor_msgs.msg import JointState

class FakeDriver(Node):
def _init_ (self):
super().__init__(‘fake_driver’)

# joint states publisher
self.pub_joint_states = self.create_publisher(JointState, "joint_states”, 10)

# init variable
self joint_states = JointState()
self joint_states.header.frame_id = "joint_states"

self joint_states.name = ["left_wheel_joint", "right_wheel_joint"] def main(args=None):
self joint_states.position = [0.0, 0.0] rclpy.init(args=args)
# timer

driver = FakeDriver()
executor = MultiThreadedExecutor()

def publish_callback(self): rclpy.spin(driver, executor=executor)
curr_time = self.get_clock().now()

self.timer = self.create_timer(0.1, self.publish_callback)

driver.destroy_node()

#jojn_t states ' rclpy.shutdown()
self joint_states.header.stamp = curr_time.to_msg()

# publish ) . o
self.pub_joint_states.publish(self joint_states) if _name__=="'__main__"
main()

# simulate wheel rotate

self joint_states.position[0] += 0.05

selfjoint_states.position[1] += 0.05 src/car_tutorial/car_tutorial/fake_driver.py
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src/car_tutorial/setup.py'2| console_scripts £

t find_packages, setup

package_name = '

setup(

name=| usck)ge name,
versiol
packages=find pad\ages exclude=

+ package_name] ),
+ package_name, ['f 3
h.join('share', package_na

os.path.join('share’', package_name,
.path.join( » package_name,

'
install_requires=['setuf
zip_safe=

maintaine

maintainer_e:
description='T

license=
tests_require=['pyt
entry points=

Robotics

=0 O LH 8= F

launch

executable-
output=

fake.launch.py

'

=

parameters=|(params],

fake_driver = No

package="'

1

el

executable="'fake

output="'scree

parameters=

rviz = Node(
package='

executable='rviz2

name=
output=

arguments=["

Launt

rsp,

fake_driver,

rviz,

'src/car_tutorial/launch/fake.launch.py’

81
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PORY

o

&7
E{ O 2 | A 'src/car_tutorial/launch/fake.launch.py' & &

$ cd ~/Workspace/ros_ws/

$ colcon build --symlink-install

$ source install/setup.bash

$ ros2 launch car_tutorial fake.launch.py
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FakeDriverOl| A cmd_vel subscribe and vel_raw &2 S}7|

7| 2 E (teleop_twist_keyboard)E O| 2 M ZE20|A X0 HHZ Li2|H 2£0]| O|5ot=

2 M EX2 Driver/t 3 S B2 W A A0 A O B E S M2t %ot
2K 0|5 £ 52| SE S ZOtorgt

o 7|EEE O| 8%t At&Xt MO HH Rl 'emd_vel' Topic® T4 subscriberE S5
o X EE29| £X E 'vel_raw' Topic2 =2 et publisherE &=
o 0.1 0f oF HA we| raw' Topic= HS

Robotics 8

|.|-|

e

338 A= 2X0| 0| STCtAl 7o E LI heEtA] 7| 2
A

7|0l tiet akg

ol 2HEO =2 H

olgdzt 7
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>
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®
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c
S
(@]
>
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$ cd ~/Workspace/ros_ws/
$ colcon build --symlink-install g ‘ .

. 51 cchyun@cchyun-ros: ~fWorkspace/ros_ws
$ source install/setup.bash o st s ol oo .
[robot_state_ publ e [INFO] [1691635783.480426842] [robot_state_publisher]:

- got segment cast

$ ros2 launch car_tutorial fake.launch.py e e El st el

[robot_state_publisher-1] [INFO] [1691635783.480431884] [robot_state_publisher]:
got segment right_wheel
[rviz2-3] [INFO] [1691
[rviz2-3] [INFO] [1691
91
16016

ometry_m:
. _driver-2] [IN [
= A E{ O] 0| A Of2ff HHS MsHstL|C} e
[ — a a 2 s.
L— E O o E E O = ° e_driver]:
4] sg.Vector3(»
1.0))
driver]: re cmd_vel messag
e geometry_msgs. i e .Vector3(x=0.5, y=0.0, z=0.0), '
angular ometry_m 5 ))
[fake driver-2] [IN 5 e driverl: recv cmd vel messag

$ ros2 run teleop_twist_keyboard teleop_twist_keyboard

Add
Image (0]

No Image

© Time (0]
ROS Time: |1691635908.99 ROS Elapsed: |124.16 ‘wall Time: |1691635909.03 wall Elapsed: |124.16 Experimental
Reset 31fps
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$ rgt graph

FakeDriver - img_raw publish

MBS 37]9] (400 x 300) O| O] X|-Z 'src/car_tutorial/car_tutorial/photo.png'Of X &
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'src/car_tutorial/car_tutorial/fake driver.py' It €= Of2ff 2} Z 0| &

self.pub_img_raw = self.create_publisher{Image, “img_raw”, 10} T G e D Y
File Panels Help
d"jinteract | **Move Camera [ Select  <-FocusCamera =—Measure . 2DPoseEstimate < 2DGoalPose @ PublishPoint =
3 pisplays (0]

v Global status: Ok E
v Fixed Frame OK

% Grid V|
2 TF v
. i, RobotModel v
def publish_callbackisel{): » ¥ status: Ok
. Visual Enabled v
curr_time = self.get_clock(). nowi) Collision Enabled
» Mass Properties
Update Interval 0
Alpha 1
. ' Description Sou... Topic
self.jioint_states.header.stamp = curr_time. to_msgf) » Description Topie. frabot_deseription
TF Prefix
b Links
v
self.vel_raw.header.stamp = curr_time.to_msgl) Tropic jmgraw B ‘

Topic
sensor_msgs/msg/Image topic to subscribe to.

image = cv2. imread( src/car_tutorial fcar_tutorial /photo.png’,
cvZ, IMREAD_COLOR) Add
img_raw = self.bridge.cvZ_to_inamsalimage) Qlimage o]

self.pub_joint_states.publish(self.joint_states)
self.pub_vel_raw.publishiself.vel_raw)
self.pub_img_raw.publishiing_raw)

@ Time (@]
ROS Time: [1691637981.46 ROS Elapsed: |357.12 Wall Time: |1691637981.49 wall Elapsed: [357.12 Experimental
Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel: Zoom. Shift: More options. 31 fps
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RQT

SLAM1} RViz2

1. SLAM X| = A|Zt=}

» 2RO XNEFHE B SLAME AHESH= 42, RViz20| A SLAMO| M d5t= AA|7H X =8 =0l
» ROS20|AM = F2 nav2 If7|X| 2t T7H AL E|M, RViz20|M 229| X2t HE X =& A0 AlZtst

1.Map Displays &=28 7.
2.SLAM Y 12|E0| HEZ|AStH= map ETS MH.

3.2X0| Bt HO| K| = HEHZ LIEHH.

SLAM (Simultaneous Localization and Mapping)
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RQT

ES

23E 0|8% SLAM
2. SLAME g|et ROS2 HA| X

1. ¥X: 222 /X[ AF/=E 5= 7=
- GPS : 2AHLE M H 2 &2 A E
- 8| 4 & (A L 2| X]): IPS(indoor positioning sensor): landmark, indoor gps, wifi slam, beacon
- FETYH ORI & HR =2| 2|H gt 0|8/ 0|3 et 2| 2f 0|88l *IX| &F
- IMUEFEAM, EE)E fIX| B4
> HRFEE: & HF| o AAL 7k, viF| 2t A 2|, B HHX[E 0| 8310 Alof Cf &

2. M. ¥ =X 2 Fol=2 A== 7=
- He[HlA, HI’S&'H, Depth camera

SR U X =
2= H I => O] A SLAM (22 2| #[X|2F K| =& PHE+= uH)

4. A2 BRI 2N HEE A LSt FHs= 7|5
- A* %*I'-E S, ZHAE X OEE ZH, OE 5
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3. SLAME flgt L EE XN2| 2"

SLAM &3 L ES9| X¥2| 1Py
@ sensor_node O @ ®

@ tu rtl ebatg_teleop turtlebot3 core e———| turtlebot3 teleop sensor_node

velocity
® turtlebot3 core /

@ slam_gmapping
® map_server > tf scan
) \N®
gmapping
(slam_gmapping)
®
mgp — T
i

map.pgm & map.yvaml
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E|SX3E 0| 8¢t SLAM

4, = H| 2| ZZ (Loop Closure Detection)

— |:o+ 0 oA

(X A X7 oo 'h 2ok 2 QIX| THEHSHE A
AT A O™ MM 3 ALO|o] FANE S 10

- OF2f| 2F 7FOI Visual OdometryOfl 2|S EF A7 S =l Wt MOA R H2 HELLO2ES SHE2 S
oS mCHS| MA| HES X2 Mo| 7p7t0] B & Qe

L‘,—_'IIE|_O

| . Estimated pose

' Loop closure correction

@ Real pose

RObOtiCS 91 HUMAN Al ROBOTICS



ozt
!

RQT
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X3S 0| 8¢t SLAM

5. DWA(dynamic window approach)

EX UHAO YU AEE= S8 NG B2 7= €S
|

£E Jhsot HO|2 S S|moiD] SEEIA| W L4 s ST S MEtshs g
= K2 QXY 7[5H0| OfHl S E QSO = b=

1

Vi 1.71"’?‘_1 w; w3, 'Lg 7|‘ | -
_ 2t

—m
0 1 /= ==

We
W7
we

O Goal
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6. SDF 2112 (plugin)

SDF Plugin2 SDF 220 £33 %2 F7t
GazeboOl M EXO0|L} 2tF0|  5X0[1

TE C++2 &Y

2HO| EX SHE KO
H O

o (@
AN GOl &g X X2
Al 28|04 2HE 1| &4 E
A
1

‘ROS 2 L EQ =4I
«EIZO|IL} MH|AE &
Gazebo A|=|0|E L

Robotics

OF

7] ?l5

0x

=

off H|O|H Sl
Hel 22 5% A of

93

SxtE N0

—
= FIE= 2ZEQ(0 HEHE,
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SDF Plugin 2’45t 7]

£ 211212 gazebo::ModelPlugin &= gazebo::SensorPlugin 222 & A&HOF 13
#include <gazebo/common/Plugin.hh>
#include < rOS/rOS,h > cmake minimum required(VERSION 3.5)
#include <std_msgs/String.h> project(example_plugin)
namespace gazebo find package(ament cmake REQUIRED)
{ find package(rclcpp REQUIRED)
class ExamplePlugin : public ModelPlugin find_package(gazebo_dev REQUIRED)
{
pub“c: add library(example plugin SHARED src/example plugin.cpp)
void Load(physics::ModelPtr _model, sdf::ElementPtr _sdf) override ament_target dependencies(example plugin rclcpp gazebo_dev)
{
rclcpp:init(0, nullptr); install(
auto node = rclcpp::Node::make_shared("example_plugin®); TARGETS example plugin
LIBRARY DESTINATION lib
auto publisher = node->create_publisher<std_msgs::msg::String>("example_topic", 10); )
auto msg = std_msgs::msg::String();
msg.data = "Hello from SDF Plugin!"; ament_package()
publisher->publish(msg);
}
Iy
GZ_REGISTER_MODEL_PLUGIN(ExamplePlugin) CMake 473

}
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SDF mtdof E2{19 HZ: sSDF Lt 22| <model> == <sensor> 20| 22{1212 HO

<model name="example_robot" >
<plugin name="example_plugin" filename="libexample_plugin.so"/>
</model>

-||:||ﬁ OH M

ROS 22t &8t5t7| foff 22122 ROS2 = EE S9j| EH, B S=
LI X0 HHE ROS 22 ME

O] F Soll GazeboOA A|=2f O] = A G O[]

RObOtiCS 95 HUMAN Al ROBOTICS



Sk AS AlEH Ol M

ozt
!

s olsER AlET ol

ROS 22} Gazebo SDF L2 2 =&
IMU MM E Z3tsH o A

<?xml version="1.0" ?>
<sdf version="1.7">
<world name="example_world" >
<l-- Ground Plane -->
<include>
<uri>model://ground_plane</uri>
</include>

<!-- Sun -->

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

</include>

<!-- Two-Differential-Mover Robot -->

<model name="two_diff robot">
<static>false</static>

Robotics

off ZtHIZL, & 7He] AtS EX S

FR EO

<model>: MX| 22 H9
<link>: 2£29| 7HE ZAX|
<joint>: A3 7t 3724 H Al
«<sensor>: MlA 9
<plugin>: &7t 7| 2%

96

B (two-differential-mover), 12|11
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ROS 22} Gazebo SDF Lt = 2825 M2}, 5 712 Xt& 2R S F(two-differential-mover), 12|11
IMU MIME Z3toh O K|

o /cmd_vel DA|X|OJA ME £ (1inear.x )2t 244 T (angular.z )=

o« O|= HEOo = X2 HIF|O| £ = A4k

wang,]ar - L
2

Wangular * L
2

Ueft = UVlinear —

<l-- Differential Drive Plugin -->
Uright = Vlinear +

<plugin name="differential_drive" filename="libgazebo_ros_diff_drive.so">
07| L& T i3 Atoje] 7{z].

<ros> <namespace>/robot</namespace> </ros>
<left_joint>left_wheel_joint</left_joint>

<right_joint>right_wheel_joint</right_joint>

<wheel_separation>0.4</wheel_separation>

<wheel_diameter>0.1</wheel_diameter> (a)
<topic>/cmd_vel</topic>

<odometry_topic>/odom</odometry_topic>
<odometry_frame>odom</odometry_frame>

<robot_base _frame>base_link</robot_base frame> whecls‘axm\’ |

Direction of positive
Turtlebot3 translational velocity, v
Burger

+

</plugin> p=lxll
e 4
a=tan ' (%) « o S e
X Direction of positive
X angular velocity, @
Yo
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ROS 22} Gazebo SDF It= &85 7IHEl, & 7He] XI& 2&X &5 (two-differential-mover), 12|11
E — e |
IMU HIMZE Z2toh o A
<l-- MU -->
<l-- Camera --> <sensor name="imu_sensor" type="imu">
<sensor name="camera_sensor" type="camera"> <pose>000.2 00 0</pose>
<pose>0 0 0.5 0 0 0</pose> <|<mu> I ocitvs
<camera> angular_velocity
<horizontal_fov>1.047</horizontal_fov> zxigjxi
i y y
<image>
<width>640</width> <Z>0<|/Z> o
<height>480</height> :{angu ar_vT oc:y>>
<format>R8G8B8</format> lneaor_acce eration
</image> :XZOZXi
</camera> <)z/>0</)z/>
<plugin name="camera_plugin" filename="libgazebo_ros_camera.so"> {/Iinear_acceleration>
<ros> </imu>
<namespace>/camera</namespace> ) L . )
<topic_name>image_raw</topic_name> <plugin name="imu_plugin" filename="libgazebo_ros_imu.so">
<frame_name>camera_link</frame_name> <ros> Jimu</ S
< > <namespace>/imu</namespace
</p/|rlj)gsin> <topic_name>data</topic_name>
</sensor> /<frame_name>imu_Iink</frame_name>
</ros>
</plugin>
</sensor>
RObOtiCS 98 HUMAN Al ROBOTICS



ozt
!

SLAM

Z% (Navigation)

RObOtiCS 99 HUMAN Al ROBOTICS



Sk AS AlEH Ol M

ozt
!

Z%(Navigation)

1. TurtleBot30| -] Nav2(Navigation 2)& A& I dHE= F2 L&

‘map_server
APHOf| 2 &l X| E(map) THY S 2ZESI0 2QhL|Ct,
220|7 & HeS §RLC
M X2 HEE /map E%! O 2 "tk C},

amcl (Adaptive Monte Carlo Localization)
JItE| S ZH 7|8t 2Z 20| N|0|M L E
2RO XY f[X[E FHLLICE
MM HO|H K=& 7|He 2 2X 0| 9{X[& XASFH2 = YH 0| EG L.
«Jamcl_pose, /particlecloud E& & ZralistL|C},

*behavior_server
HH[AOIY & 22X A= 22| LT
2|, O 7|, K| & Ct&et 2X A5= MO L T
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F%(Navigation)

1. TurtleBot30{ A Nav2(Navigation 2)& A& [ H4dEk[= F2 L E

*bt_navigator
M E2|(Behavior Tree) 7|8t B2 EfMH L E

- O O 1
S H X[ENX| el MY F=E dgetL
STt HH|A 0| 2A5 ol = UG LILT

scontroller_server
2RO St Heks AA|ZIe 2 ™R T

o

o= 2n 3 B2 FF 7|5 HEE L
24 2 A2 E AL

eplanner_server
T d= A=ls HEe L
XM FHEX|INX Q| =[H B=2E A LhetL T
A* IE= Dijkstra 2 1 2|5 S AR &L LT

Robotics
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ZF¥ (Navigation)

1. TurtleBot30f| A] Nav2(Navigation 2)& Al

lifecycle_manager

‘Nav2 = E=9| 4 H = :
L E=0| 47, gdet, HlgdetE MO gL Ct

°rviz
Alztst 272, 220| 9K, 42, MM HO|E 52 A|Zxoz EHSLC)
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ZF¥ (Navigation)

=8 4 EL
/cmd vel: E& £k X0 EY
/odom: Odometry H&
«/scan: LiDAR M A{ G|O|E
/map: X| = M
/initialpose; x£7| QX AH
/move_base_simple/goal: S & X|™ d7H

TS 4

# Nav2 21X I A1
ros2 launch nav2_bringup navigation_launch.py

# 7| 9K 273
ros2 topic pub /initialpose geometry_msgs/msg/PoseWithCovarianceStamped "{..}"

# =8 A 28
ros2 topic pub /move_base_simple/goal geometry_msgs/msg/PoseStamped "{..}"

RObOtiCS 103 HUMAN Al ROBOTICS



Sk AS AlEH Ol M

ozt
!

ZF¥ (Navigation)

Al=d|0[d HA| ofE A QA B

-AMCL(Adaptive Monte Carlo Localization) A&

# A=g0|d &t EE IFE|S TEHE QK| 2N Mtz JHAM

roslaunch turtlebot3_gazebo turtlebot3_world.launch

# B O| EO/Z0| A HH|[AO|MH &HX|
roslaunch turtlebot3_navigation turtlebot3_navigation.launch

A2 q1z|S otefojy =7
7|28 2 & global planner®t local planner A& /move baﬁiaiEgl HERIE =S 7hs
.Global: A* ¥ 12| ~costmap

. : «= X footprint
Local: Dynamic Window Approach(DWA) E|CH/X| A &

JhEE HSH
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TurtleBot3 XIS O|S2& Al=g|0|M

namespace H7Z, CtE |20 =& HAlsior & If R
H LM 0| AF HAS =82 H YA O] A0AM 2

1. Y L1 0] & HEFQ

TurtleBot30| A | QAT O|AE HESH= HR2 & 7hX| YLt
A. ROS 2 Launch Tt0jA YL AHO[A HH
ROS 29| launch Lt YO M HYALO|AE H
B. HYAAHO|AE AMESHO] E{O|'H0|A{ M3

=2 O
HHO A Al --ros-argsE 0|l H|YAHO|AE A

ros2 run turtlebot3_node turtlebot3_ros --ros-args --namespace robot1
2. Launch IO HPAm O]~ 27

TurtleBot32| launch Lt 20| A namespaceS F=7+2 Ho|st1 MEotL|C}
Of|M|: TurtleBot32] robot_state publisher0fl QYA O|A HE

x|
7| & turtlebot3_robot.launch.pyS =85t HLI EE2| HAH |aunch L=

Robotics
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from launch import LaunchDescription
from launch_ros.actions import Node ros2 launch my_turtlebot3_launch.py

def generate_launch_description():
namespace = 'robot1' # HZAT HAAHO|A A

return LaunchDescription([
Node(
package="robot_state_publisher,
executable="robot_state_publisher’,
name='"robot_state_publisher’,
namespace=namespace, # UALHO|A ME
output='screen,
parameters=[{'use_sim_time". True}]
),
Node(
package="turtlebot3_node',
executable="turtlebot3 ros',
name="turtlebot3 ros',
namespace=namespace, # HALHO|A ME
output='screen’,
parameters=[{'use_sim_time". True}]
)
1)

Robotics 107

HUMAN Al ROBOTICS



Sk AS AlEH Ol M

ozt
!

s olsER AlET ol

from launch import LaunchDescription
from launch_ros.actions import Node

def generate_launch_description():
robot1_ns = 'robot1’
robot2_ns = 'robot2’

return LaunchDescription([

# Robot 1

Node(
package="turtlebot3_node’,
executable="turtlebot3_ros/,
name="turtlebot3_ros/,
namespace=robot1_ns,
output='screen’,
parameters=[{'use_sim_time": True}]

),

# Robot 2

Node(
package="turtlebot3_node’,
executable="turtlebot3_ros/,
name="turtlebot3_ros/,
namespace=robot2_ns,
output='screen’,
parameters=[{'use_sim_time": True}]

)

)

Robotics

ros2 launch multi_robot_turtlebot3.launch.py

Topic list

/robotl/cmd_vel
/robotl/odom
/robotl/scan
/robot2/cmd_vel
/robot2/odom
/robot2/scan

108
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ChE 2X 280AM TF 5= X[}
TurtleBot32| URDF &+ XACRO It &

d, 2 =EX0| TF &=gf| & O| &0 = | ¥ AL | £ 37t
10| M robot_descriptionOf| WAL O|AE

<robot name="$(arg robot_name)">
<link name="$(arg robot_name)_base_link">
<I-- L& &= >
</link>
</robot>

Node(
package='"robot_state_publisher’,

executable="robot_state_publisher’,

namespace="robot1’, N
parameters=[{'robot_description: '<URDF_CONTENT>"}] TFE 0| O|E{ =t9l:

)
ros2 run tf2_tools view frames
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1. HgAmo|Aet EXO| 7|2 S

—
HQAATO| AT} HEEH =27t WA RE £

/robot1/cmd_vel

2. HPAHO|AS FA[SIL 2228 EXHS A8 &H
22 ELS ABSIH ET 0|5 Y0 ZA()E 20 B =

import rclpy
from geometry_msgs.msg import Twist

def main():
rclpy.init()
node = rclpy.create_node('namespace_example', namespace="robot1') # U QAHO|A d7F
pub = node.create_publisher(Twist, '/cmd_vel', 10) # 22% E4 44
msg = Twist()
msg.linearx = 1.0
pub.publish(msg)
rclpy.spin(node)

if _name_=="' _main_":
main()
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HYAHO[A0 SHE EX2 HYLHO[AS Zotot 22 YoloF LTt
O ?Ioi U =2t 2B 22 =

0 22 E4
EL O|Z0| 4 ZEEtH L Eo| HYALO|AYt A5 = F7HE L O
«0f|: cmd_vel — /robotl/cmd_vel (= E9| H QA O|A: robotl)

o 3z 4
2O 25 AFESIEH U YAm| o[ A H2Bl0| T B2E 2 LIC
«0f|: /robotl/cmd_vel EE& /ecmd_vel

H QAT 0| A
2| THUOI A Ul Y AT 0|~

Robotics "

= ME

from launch import LaunchDescription
from launch_ros.actions import Node

def generate_launch_description():
return LaunchDescription([
Node(

package="turtlebot3_node’,
executable="turtlebot3_ros',
name="turtlebot3_node’,
namespace="robot1’, # Y4 YAHO|A H7H
output='screen’
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ROS 22| Remapping (2|01 &)

L EOt AEStE 7|2 Ol F(EH, MH|L, A, 20 o = /Is.
O] 7|52 HRY}LHO|AS F+dotAL O] =E7F St EHS 5= B0l MEE = A= 2 I RE

—

1. Remapping2| AtE CH4t

*Topic (%: /emd_vel — /robotl/cmd_vel)
*Service (0: /reset — /robotl/reset)

«Action (0|: /navigate — /robotl/navigate)
‘Node O|& (Gll: my_node — robotl_my_node)

2. Remapping?| =& H'H
A. CLI HHO{0| A Remapping

ros2 run my_package my_node --ros-args --remap __node:=robot1_node --remap /cmd_vel:=/robot1/cmd_vel
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ROS 22| Remapping (2|01 &)

B. Launch I} & 0j|A] Remapping

from launch import LaunchDescription
from launch_ros.actions import Node

def generate_launch_description():
return LaunchDescription([
Node(
package="my_package',
executable="'my_node,
name='robot1_node', # == O|E BHH
remappings=|
(‘/cmd_vel', '/robot1/cmd_vel), # EX 2|0{&
(‘/odom’, '/robot1/odom’) # CtE E4 2|0 &
]
)
D
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ROS 22| Remapping (2|01 &)

C. ZE M Remapping

import rclpy
from rclpy.node import Node

class MyNode(Node):
def __init_ (self):

super().__init__('my_node’)

self.subscriber = self.create_subscription(
String,
'/emd_vel', # O] 0|52 2|0f& CH4
self.callback,
10

)

def callback(self, msg):
self.get_logger().info(f"Received: {msg.data}")

def main():
rclpy.init()
node = MyNode()
rclpy.spin(node)

1 1

if _name__ =="'_main_"

main()

RObOtics 114 HUMAN Al ROBOTICS
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ROS 22| Remapping (2|01 &)

A. = E 0| F E|0jE
2|0fE 7| ¥ = __nodeE AESHY E O|F5 HAR L

ros2 run my_package my_node --ros-args --remap __node:=robot1_node
B. HRIAHO| A Y

ros2 run my_package my_node --ros-args --remap __ns:.=/robot1

C. E4 0| 2|0f &

ros2 run my_package my_node --ros-args --remap /cmd_vel:=/robot1/cmd_vel
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Movelt 2 A X| Sl AFR giH
Movelt2= ROS 2 I 7| X| 2 K|S =, apt T{7|X| OjLI N E Sl &AH EX[ = JA&L L.

sudo apt update
sudo apt install ros-humble-moveit

Movelt2 Setup Assistant A2

2 X2 URDF EE= XACRO It = Movelt2 2HE0M A M8 = AT 27¥ot= =42
Movelt Setup AssistantE At&5H0] A& LT},

ros2 launch moveit_setup_assistant setup_assistant.launch.py
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Movelt Setup Assistant

-229| URDF/IXACRO It 2E

‘Movelt Setup AssistantE &olf E£2| URDF EE= XACRO Lt = 2 =L
‘URDF/XACRO I} 22 2&9| 7|75t A EE*'(E'ELS’-f APE)S Ho5IH,
‘RViz20| M 22 RES A|AEH2 = =201 = /JUSLC

Planning Groups & *"’"'

TAAI:I

=xe =0 EQf 3'3%% A= FOM 2 S2fdS ?let A5 2 8L
Ol 20, 22 29 0 ZRUEES oL A52 2 &= & UL

*End Effectors A%
el mq 7“7C|(01|: Az E= &)8 d7derL

Virtual Joints A%

X H|O]& | ‘ted 225 2738010] 0|5 7tstot 2X2| BFE Lo LIt
(o: 2%0] o] =2 [jf H|o| A9 7tef ZRIES F71)

*Self-Collision A &A™
229| Y3 E0| N2 FFSHK| A EE Self-Collision MatrixS 4 g L|C}.
K EH 23
le_i_%glp AH.l = )k-lI-Iol-L_lEl—
o A|:|-|§ M EHSH
- = = L-

-2 KDL(Kinematics and Dynamics Library)O|L} IKFast2} Z

-Configuration Files X%
AHO| QFEEIE“l config Z00| 222 Movelt 878 TS XNt Ct.
-OI = launch I, srdf It SO 2 FMHE L Ef.
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RViz20{| Al Movelt 2 A3l 5! A|Zt3}

Movelt 2 &3
<M=l moveit_config IHZ|X| O 222 Z2f'dot7| {8l launch T2 A@liehL| Tt

ros2 launch <robot_moveit_config_package> demo.launch.py

RViz20f| M A|Zts}
‘Movelt 2= RViz22t A& 2E£29| F=Z U SHAUSZ ALzt = YSL|CH
RViz20| M 2RO S| MBS B 28 XHS 4HSIH 2N Sl ADE A|lZ™oz 29l

7 UL
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2h'd

~/catkin_ws/src$ git clone -b <distro>-devel https://github.com/ros-industrial/universal_robot.git

~/catkin_ws/src$ git clone https://github.com/filesmuggler/robotiq.git

wget https://raw.githubusercontent.com/utecrobotics/ur5/master/ur5_description/urdf/ur5_robotiq85_gripper.urdf.xacro
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MOVEIT2

4= CHR 2 E%H ur5_robotiq85_gripper.urdf.xacro T 2| 4R =2 =743t ur_description Tf7| X| L{ &
o| URDF It S AMSIE 5 S L T

<xacro:include filename="$(find ur_description)/urdf/ur5_joint_limited_robot.urdf.xacro" />

Ol 2&1 A2|of 25| HE E2 QB O0|AE =85l 0f 2 L|C}. = Cf X{&Z0f| = Positionjointinterface 2 T
HE| YESLCH M= e QI O] A0 X7t /O M EffortjointinterfaceZ2 HZAMSL|CH =Hdliof & Y&
=2 Ct&4F £&5 L Ct

&1 X1 robotiq_description/urdf/robotiq_85_gripper.transmission.xacro 2| robotiq M &2 LfF0|A] 91 =1t 14 2 K|
= Ch=1f 20| HZS|Of ghL|Ct,

<hardwarelnterface>hardware _interface/EffortJointinterface</hardwarelnterface>
<hardwarelnterface>hardware_interface/EffortJointinterface</hardwarelnterface>

=M, ur_description/urdf/urs_joint_limited_robot.urdf.xacro 2| universal_robots A& 20| A 5HK| == C}
=4F & 0| =735 Oof 2L Cf.

<xacro:arg name="transmission_hw _interface" default="hardware _interface/EffortJointinterface"/>
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moveit setup assistant

Moveit 2’8 O{A| AT E S AFE 50| Moveit /8 Tl 7| K.

S ros2 launch moveit_setup_assistant setup_assistant.launch

Movelt! Setup Assistant

m Movelt! Setup Assistant

These tools will assist you in creating a Semantic Robot Description Format (SRDF) file, various yaml conFiguration and
many roslaunch files for utilizing all aspects of Movelt! Functionality.

Create new or edit existing?

All settings For Movelt! are stored in the Movelt! configuration
package. Here you have the option to create a new configuration
package or load an existing one. Note: changes to a Movelt!

configuration package outside this Setup Assistant are likely to
be overwritten by this tool.

Create New Movelt Edit Existing Movelt
Configuration Package Configuration Package

> Movelt!

Setup Assistant 2.0
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moveit setup assistant

Create New Moveit Configuration PackageE MEiSHH MU A|AEIO| A URDFE
universal_robot X & A0 X /universal_robot/ur_description/urdf/ur5_robotiq85_gripper.urdf.xacro £ £7&{3f 11

Load Files

2t E|H Chait €2 dS HAIX| 7 2 A

Robotics

= 432|
= = 1.

These tools will assist you in creating a Semantic Robot Description Format (SRDF) file, various yaml configuration and many

Movelt Setup Assistant

_ Movelt Setup Assistant

roslaunch files for utilizing all aspects of Movelt functionality.

Create new or edit existing?

Create New Movelt
Configuration Package

Edit Existing Movelt
Configuration Package

Load a URDF or COLLADA Robot Model

Specify the location of an existing Universal Robot Description Format or

COLLADA file For your robot

1s/src/yahboomcar_description/urdffyahboomcar_X3plus.urdf§ Browse

optional xacro arguments:

> Movelt!

Setup Assistant 2.0

Load Files
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Self-Collisions

M
= o=

MoveitO| EM
Moveit2 S2|H O

Movelt! Setup Assistant (=]

N

Start

Virtual Joints
Planning Groups
Robot Poses

End Effectors
Passive Joints

ROS Control
Simulation

3D Perception
Author Information

Configuration Files ~

Robotics

= A{EH
EI_

e LTt

Optimize Self-Collision Checking

This searches for pairs of robot links that can safely be disabled from collision
checking, decreasing motion planning time. These pairs are disabled when they are
always in collision, never in collision, in collision in the robot's default position, or when
the links are adjacent to each other on the kinematic chain. Sampling density specifies
how many random robot positions to check for self collision.

sampling Density: Low = High 10000

-

Min. collisions For "always"-colliding pairs: | 95% | +||Generate Collision Matrix

Linka - Link B Disabled  :ason to Disab =
1 | base_link shoulder_link v Adjacent Li...
2 ee_link robotiq_85... v Neverin Co...
3 ee_link robotiq_85... v Neverin Co...
4 ee_link robotiq_85... v Neverin Co...
5 ee_link robotiq_85... v Neverin Co...
6 ee_link robotiq_85... v Neverin Co...
7 ee_link robotiq_85... v Neverin Co...
2 |lee link rohntin RS v Neverin Cn ke

link name Filter show enabled pairs (e linear view matrix view

Revert

125

Start

virtual Joints
Planning Groups
Robot Poses

End Effectors
Passive Joints
Controllers
simulation

3D Perception
Author Information

Configuration Files

JEHE ==l Generate Collision Matrixs £ &l
EddS 2 ], Ol 50 2E£ =2 32) 740 53=0| LASI=X| =22l
ANE %% = Q= 23 E &0 A A A K| 2|5k

Movelt Setup Assistant

Optimize Self-Collision Checking

This searches for pairs of robot links that can safely be disabled From collision checking,
decreasing motion planning time. These pairs are disabled when they are always in collision,
never in collision, in collision in the robot's default position, or when the links are adjacent to
each other on the kinematic chain. Sampling density specifies how many random robot positions

sampling Density: Low =

High

10000

Min. collisions For "always"-colliding pairs: | 95%

M =N =N l = = 1

c - -

= =M =W <=M =M =N =N YW i o

w | | | | | c = = =

o = = 1= 1= 1= = = = =

I= I= I= I= I=

o o o o o o
base_link v v
arm_link1 v v v v v v v v v
arm_link2 v v v v v v v v v
arm_link3 v v v v v v v v
arm_link4 v v v v v v v v
arm_links v v v v v v v v
rlink1 % % v v v v v
] b
link name Filter linear view (® matrix view Revert

Vv visual

collision
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moveit setup assistant

7t =QAE
EXs 280 AZor7| ?lofl 7hefel 18 =ES H9
td ZQIE #7715 2 =0t A8 20| gizhs A= L.

Movelt! Setup Assistant

Define Virtual Joints

Create a virtual joint between a robot link and an external frame of reference
(considered fixed with respect to the robot).

Virtual Joint Name:
virtual joint
Child Link:
base_link -
Parent Frame Name:
world
Joinkt Type:

fixed -

Save Cancel
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BHAE s
Planning Grou

Movelt2 CHY 71ek &
= OMPL (Open Motion Plannin

o0 ©

i

-

oM

N—r’

Movelt Setup Assistant

start Define Planning Groups

Create and edit ‘joint model' groups for your robot based on joint collections, link collections,
kinematic chains or subgroups. A planning group defines the set of (joint, link) pairs considered

Self-Collisions s
bot you

Virtual Joints
Current Groups

Robot Poses

End Effectors

Passive Joints

Controllers

simulation

3D Perception

Author Information

Configuration Files

Expand All Collapse All

n

AH

& 0|&: A& 0|2 4852 [arm_group]2 = 2 3.
2a&s &H: 07| M 22[= [kdl]S M.

Robotics

g 22st0] Z2Y 15 37}
o otn2|E x|
R

RRT (Rapidly-exploring Random Tree)
dEd 78t SAE €12lF T otLE, &2 A
2E H7] 2ol AE

glo

—

| S0 WEA 8

PRM (Probabilistic Roadmap Method)

S EHAR Lpb|o] AsE|s MER J|u SaY Y025 YL
220/ 232 4 9k 320 02| YEY NYER 2EW Y=
2 PP T, 1 2CUS AS

STOMP: RH9| MEYS ALS S| Hoj2 21| Z2 44,
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moveit setup assistant
o o J— o —_ o — . . =i @) — 2 L L
235 20| =7, 0| A2 Y 23 (Forward Kinematics)lt Y 252(IK)= F= A
: KDL, The Kinematics and Dynamics LibraryE 41 EH
Define Planning Groups 67} O &S| AR = 2 JhEI TF Mol 7|4 To| s ol ot 2S5 X2
Kinematlc chainsof Subgroups. & panning group defines he set of . i) pirs considersd A ELQQ=22=ct Ol S AHSHZI0|E 2|
Earnptl?;\l;lna?liggmluswn checking. Define individual groups for each subset of the robot you .%§ SRVLI. IK FASTQ‘I. 7EF% El.% IK %H—l% A'._g_% _/I\_E (A)AI_T'_ AHE_S_ %H—l% I_lxlz_ll
E:::iifa:ler:r;i_rz!oupl Joint Collection Selected Joints 7H tél'_ohl.o:l Abil-ob}-éé- _Jlk_ (}?AI% _
s nams s s «Kin. Search Resolution: Z2IE S7to| ME & &
; | *Kin. Search TImeout : S & A|7t & H| 450| O|ZotALE A &-& uEo M X
Yn o |l ] RN =l AZE U0 SiZ0] K| S 2 AltE =8 = UL 0 & 501 [0.1], [0.01]2
= = CC
M arm_joints .:I'_E_ 7|% %E‘H l:l: RRT EEE gi%% IA_ E_I.II
7 |grip_joint =
8 |[rlink_joint2
9 |llink_joint1
Save Cancel
[ZQIE £7HE 22310l ZAIES £7}
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Movelt Setup Assistant

Define Planning Groups

Start Define Planning Groups

Create and edit "joint model' groups For your robot based on joint collections, link collections,
kinematic chains or subgroups. A planning group defines the set of (joint, link) pairs considered
for planning and collision checking. Define individual groups for each subset of the robot you
virtual Joints want to plan for.

self-Collisions
Create and edit "joint model' groups for your robot based on joint collections, link collections,
kinematic chains or subgroups. A planning group defines the set of (joint, link) pairs considered
For planning and collision checking. Define individual groups for each subset of the robot you
want to plan for.

i Currenk Grouns
= BN proup Edit Planning Group "arm_group'

b - Joints Kinematics
Robot Poses arm_joint1 - Revolute
arm_joint2 - Revolute Group Name: arm_group
arm_joint3 - Revolute
End Effectors armjointil - Revolute Kinematic Solver: kdl_kinematics_plugin/KDLKinematicsPlugin -
arm_joint5 _Revolute Kin. Search Resolution: 0.005
Passive Joints Links F—
Chain Kin. Search Timeout (sec): 0.005
Controllers Subgroups Goal Joint Tolerance (m|rad): 0.0001 =
Goal Position Tolerance (m): 0.0001 >
Simulation ) . ~
Goal Orientation Tolerance (rad): | 0.0010 >
3D Perception Kin. parameters file:

. OMPL Planning
Author Information

Group Default Planner: | RRT v
Configuration Files

Expand All Collapse All Delete Sefected | | Edit Selected |Add Group Delete Group Save Cancel
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moveit setup assistant

az2|E AE 28 =7}

Add Group% 25ty 12|HE F9.

& 0|22 gripperg Y=t Kinematic Solver2| 2% Nones AL E F11 Add JointsE = &.
robotig_85_left_knuckle_jointE MBSt QEZZ JIE|7|= 2 HE 2E5I0 RQUEIVILEE E F7t

Movelt! Setup Assistant [«

-

Start Define Planning Groups
Create and edit 'joint model' groups For your robot based on joint collections, link
self-Collisions collections, kinematic chains or subgroups. A planning group defines the set of (joint,

link) pairs considered for planning and collision checking. Define individual groups For
each subset of the robot you want to plan for.Note: when adding a link to the group, its
parent joint is added too and vice versa.

Virtual Joints

Plannmg Gruups - Current Groups
* ur5_arm
b Joints
Robot Poses Links
v Chain
End Effectors base_link -> ee_link
Subgroups
~ gripper
Passive Joints E }g.!:?ts
robotig_85_left_knuckle_joint - Revolute
ROS Control Links
Chain
. . Subgroups
Simulation
3D Perception
Author Information
Expand All Collapse All Delete Selected | Edit Selected \gdd Group ‘

Configuration Files |~
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EXEX
= OFLX[RH 7| = ==& FolotH Lt 0| A|Zts 29
ZQE g5 278510 "g" ==& B LTt of2f 82

Movelt! Setup Assistant )

Define Robot Poses

Create poses for the robot. Poses are defined as sets of joint values For particular
planning groups. This is useful for things like home positionThe Ffirst pose for each
robot will be its initial pose in simulation.

Pose Name: -
home shoulder_pan_joint
i 0.0000
Planning Group:
urs_arm T | shoulder_lift_joint
-1.579¢
elbow_joint
1.5567
wrist_1_joint
-1.549(
wrist_2_joint =
r
Save Cancel

Robotics 131

eelbow_joint: 1.5447
eshoulder_lift_joint: -1.5447
eshoulder_pan_joint: 0.0
*wrist_1 joint: -1.5794
*wrist_2_joint: -1.5794
*wrist_3_joint: 0.0
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moveit setup assistant

12| HE Yolsta{™ End Effectors B 2 2 M 2t5|11 Add End Effector £ 28
H |- 2t EH

0| 5= robotiq_gripper 2 X5t f 2l 1} 20| Group, Parent Link, Parent Group2 41 &H

Movelt! Setup Assistant ]

Define End Effectors

Setup your robot's end effectors. These are planning groups corresponding to grippers
or tools, attached to a parent planning group (an arm). The specified parent link is used
as the reference frame For IK attempts.

End Effector Name:

robotiq_gripper

End Effector Group:

gripper

Parent Link (usually part of the arm):
ee_link

Parent Group (optional):

[urs_arm

Save Cancel

HUMAN Al ROBOTICS

Robotics 132



ozt
!

Moveit2

moveit setup assistant

velt! Setup Assistant

Start Define Passive Joints
Specify the set of passive joints (not actuated). Joint state is not expected to be
Self-Callisions published For these joints.

Virtual Joints . . .
Active Joints Passive Joints
i Joint Names Joint Names
Planning Groups I SIUUET _pal ol

1 robotiq_85_left_inner_knuckle_joint

~

shoulder_lift_joint
Robot Poses = 2| robotig_85_left_finger_tip_joint
elbow_joint

w

= . . -
End Effectors 3| robotiq_85_right_inner_knuckle_join

wrist_1_joint
4 robotig_85_right_finger_tip_joint

4
5 wr?st_ZJioint 5 robotiq_85_right_knuckle_joint
6 wrist_3_joint
7
8
9

ROS Control robotiq_85_left_inner_knuckle_jo

simulation robotiq_85_left_finger_tip_joint
robotiq_85_left_knuckle_joint

3D Perception 10 robotiq_85_right_inner_knuckle_j

Author Information

Configuration Files ~
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moveit setup assistant

ROS Control

A 28 5 e 7K

FollowJointsTrajctory ZIEZE 2 At& F7 2 &

Ros_control2 ZQIEQ| Lot ZHEE
HE OA|AEHEN M ZF A2l OF0]| CHSH F

-

o >

Movelt! Setup Assistant (]

Start " Setup ROS Controllers

Configure Movelt! to work with ROS Control to control the robot's physical hardware
self-Collisions
Auto Add FollowJointsTrajectory

Virtual Joints Controllers For Each Planning Group

Controller Controller Type

Planning Groups ~ ur5_arm_controller FollowjointTrajectory

- Joints

shoulder_pan_joint
Robot Poses shoulder_lift_joint
elbow_joint
wrist_1_joint
wrist_2_joint
wrist_3_joint
Passive Joints ~ gripper_controller FollowjointTrajectory
- Joints
robotiq_85_left_knuckle...

End Effectors

ROS Control

Simulation
3D Perception

Author Information
Expand All Collapse All Add Controller

Configuration Files |~
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moveit setup assistant

AlZg[o] M

Moveit2 Gazebo A|E2|0| MM ZEE S AlSE O AIES 4= Y= URDFE MM

Movelt! Setup Assistant

|

Start Setup 3D Perception Sensors
Configure your 3D sensors to work with Moveit! Please see Perception Documentation
Self-Collisions for more details.

) Optionally choose a type of 3D sensor plugin to configure:

Virtual Joints
MNone -

Planning Groups
Robot Poses
End Effectors
Passive Joints
ROS Control
Simulation
3D Perception

Author Information

Configuration Files
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3D Preception Pane2 3D AIA| H|O|E{ & AtESIIXL Sl= AR 7/ -2 AHSH7| et A

Mﬂv!lllselnp .mmm

start Specify Author Information
Input contact information of the author and initial maintainer of the generated package.
SelF-Collisions catkin requires valid details in the package's package.xml

Name of the maintainer this Moveit! configuration:

Virtual Joints Alex

Email of the maintainer of this Movelt! configuration:

Planning Groups
alex@alex com|

— Configuration Files X%

Configuration Files

Mov Setup Assi: x
start Generate Configuration Files
(Create or update the configuration files package needed to run your robot with Movelt.
Self-Collisions Uncheck files to disable them from being generated - this is useful if you have made custom

changes to them. Files in orange have been automatically detected as changed.

Virtual Joints Configuration Package Save Path

- Specify the desired directory for the Movelt! configuration package to be generated.

Planning Groups Overwriting an existing configuration package directory is acceptable. Example: /u/
robot/ros/panda_maoveit_config

Robot Poses J/home/user/catkin_ws/src/ur5_gripper_moveit_config Browse
End Effectors Files to be generated: (checked)
“ | Defines a ROS package

n CMakeLists.txt
Passive Joints o/

'ur5.srdf
‘'ompl_planning.yaml
'chomp_planning.yaml
config/kinematics.yaml

-1
v
v
ROS Control i
v
v
Simulation v! config/joint_limits.yaml
v
v
v
v
v
v

fake_controllers.yaml
'ros_controllers.yaml
config/sensors_3d.yaml

launch/
launch/move_group.launch
launchjplanmng conl.ext launch

3D Perception
Author Information

Configuration Files

Configuration package generated successfully! Exit Setup Assistant
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[Movelt] a7 bolHEAZTEDFE LT,

1. MovetD Y AT LT —FT I F*x
THIE., [Movelt] D RXTLT7—FT7F ¥ T3, I[move group] EMEINE ./ —FDRT7—FT7F ¥ D
PR ES, O/ =M, Y —PERTEEROSDT7 7> aryed—EXZ|MHLET,

move_groupld. RD3DDA X7 —RXATHRBETEFT,

+ C++ : move group interface/ < 7 — 3/

* Python : moveit commander/ < 7 — https.//docs.ros.org/en/noetic/api/moveit_commander/ht
- Rviz: Motion PlanningZ 5 74 ml/classmoveit__commander_1_1move__group_1_1Move
GroupCommander.htm|
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[Movelt| »avtv 7ol EEFEHFE L7,

[ ROS Param Server]

B '»:.: ’ é é "é‘,
Moveit Commander Rviz Plugins Raw Action J|w &)
[ J User Interface Y ¥ ¥
o e
: . . ,,,
: E’love _group_mterfamj P MoveGroupAction il 5
(C++) < PickAction > JointTrajectoryAction_ Tg
: - PlaceAction = i » 5
Planning Pipeline : : QO
i [ moveit_commander | ! o
i (Python) : Get |K Service N =
[ Trajectory Execution Manager ] i E: GEt FK SEFVICE > 8
: i Get Plan Validity Service g
i # Plan Path Service | Dﬂ Point Cloud Topic ]
i | GUI (Rviz Plugin) | : ) P s
: P Execute Path Service | S v
o S ; i Get Planning Scene Service | (o] a
i i Other Interfaces P AttachedObject
TPy A CollisionObiject
PlanningSceneDiff
O

Legend

moveit_core External Package
Package Dependency
moveit_ros
Package
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[Movelt| »avtv 7ol EEFEHFE L7,

© move groupPA¥ 74 F¥al— gV © move_group®AFy b4 ¥ X—7x—2

move groupli. /€3 X — & —/—ET. RO3I>DEREEEL £ 7, move groupld, ROSH FEw 7 T o av#ALTARy FEBELE

¥, Oy Ao EFAECE YT —T 4R EEFREL, FhAETIZIOY

FO—STOFy FEHEILZ T,

« URDF: /%5 A — 4% [robot_description] THEIE.
» SRDF : /¥5 X — 4% [robot_description_semantic] TEU&.
» MoveltBBRk /v or—2 . 3 A -4t —n—Ex7T. BE0HIE. E5

Z. BffetE. IEZ EDERZEHE

+ PlanningScene

'move_group] %, [PlanningSceneMonitor| #{ZFE LT, 04w Foi
REBEOREZE

i

3 [PlanningScene| =S L 9, Zhicd-T, O
Ty POREEIZ, OFRy FICTEvyFahTwWadF 72z b 52E0DB L

NTEZT,
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turtlebot3 manipulation.srdf.xacro Ir 22 Turtlebot3 Manipulation2| A|THE] 25X & H(Semantic Robot
Description)g= H2|5l= LU L|CH xacro ZW S AR50 SRDFE MLt

<?xml version="1.0" encoding="UTF-8"?>

<robot name="turtlebot3_manipulation"> <group_state name="home" group="arm">

<joint name="joint1" value="0"/>  <!-- & W& A& 0 2fC|Qt -->

- 20| xolEot AaSg 102 MY - ol jo!
<! GROUPS f == 82l > <joint name="joint2" value="-1.57"/> <!-- & W 2H: -1.57 2t (& -90%) -->

<group name="arm">

<chain base_link="link1" tip_link="end_effector_link" /> <J:O?nt name:"J:o!nB" value="1.57"/> <l-- M| H®| 2t&: 157 2}C| 2t (2 90E) -->
</group> <joint name="joint4" value="0"/>  <!-- 4| & 2. 0 2t -->

</group_state>
<group name="gripper">

<link name="gripper_link"/> </robot>
<link name="gripper_link_sub"/>

</group>

<l-- GROUP STATES: 0|2] Zol&l 2X Z=5 -->

<group_state name="home" group="arm"> [=3
<joint name="joint1" value="0"/> # Python 0” A-I A|- o 0:"
<joint name="joint2" value="-1.57"/> n n iz X
Joint name=oint3" valuec"1.57"/> move_group.set_named_target("home") # home 2=
<joint name="joint4" value="0"/> Ol % %4 %|

</group_state>

<l-- END EFFECTOR: 12| H9| -->
<end_effector name="gripper" parent_link="end_effector_link"
group="gripper"/>

<l-- DISABLE COLLISIONS: & HMA0M Hele 23 ¥E -->
<disable_collisions link1="base_link" link2="link1" reason="Adjacent"/>

<disable_collisions link1="link1" link2="link2" reason="Adjacent"/>
< 27PNl 55 g oI5, —>
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1. SRDF Lt =74
(src/turtlebot3_manipulation/turtlebot3_manipulation_moveit_config/config/turtlebot3_manipulation.sfdf)

<robot name="your_robot">
<l-- 7| & group states -->
<group_state name="home" group="your_arm_group">
<joint name="joint1" value="0.0" />
<joint name="joint2" value="0.0" />
<joint name="joint3" value="0.0" />
<l-- O3t B E joint29 #4E XY -->
</group_state>
</robot>
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2. launch It2 QM EE

# move_group.launch.py 2= A8t launch It

from moveit_configs_utils import MoveltConfigsBuilder

def generate_launch_description():
moveit_config = MoveltConfigsBuilder("your_robot").to_moveit_configs()
# SRDF7t A5 2 2EEE LT}

‘RViz2E HASIH Motion Plannlng o '2 9| "Select Start State” EFLCHR w0 AM ME F7t5t
home" &EE MEIS = US LT

SRDF LIS =783t 20|z 282 478 CHA| ES|OF & == U LICE
joint Zi=2 EX2| AX Xotak H01| AU 01 OF OH—| Ct

group name= HBFEA| SRDFO|| ‘H2| =l planning groupdt &X
RViz20| A &1 & EE M & ot H:

1.2X= #ote Z=2 O|=

2."Planning" ®0{|A{ "Save Current State"E 1 EH

3.0| 52 X[E5t2 H%
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Move_group.go

#!/usr/bin/env python3

import rclpy

from rclpy.node import Node

from moveit_commander import MoveGroupCommander, RobotCommander, PlanningScenelnterface
from moveit_commander import roscpp_initialize, roscpp_shutdown

class RobotControlNode(Node): .
def _init_(self): def main():
super().__init__('robot_control_node') rclpy.init()

# Movelt 7|3}

S robot_control = RobotControlNode()
roscpp_initialize([])

# Robot Commander 244 # O X: 'home' =2 0|
self.robot = RobotCommander() robot_control.go_to_named_pose("home")

# Planning Scene Interface 4§

— AlGH
self.scene = PlanningScenelnterface() #TE =Y

rclpy.spin(robot_control)
# Move Group Commander ‘84 (your_planning_group SRDFO| ‘d2|& & O|&)

self. nove_group = MoveGroupCommander("your_planning_group") # =2
def go_to_named_pose(self, pose_name): rObOt—ContrO|'deStroy—nOdeo
# MYE ZZE 0|5 rclpy.shutdown()
self. move_group.set_named_target(pose_name)
success = self. move_group.go(wait=True) if _name__=="'_main_"

self.move_group.stop()
return success

def plan_cartesian_path(self, waypoints):
# FHE|AIOH A2 A
(plan, fraction) = self. move_group.compute_cartesian_path(
waypoints, # waypoints to follow
0.01, # eef_step
0.0) # jump_threshold
return plan, fraction
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Pick and Place

#!/usr/bin/env python3

import rclpy

from rclpy.node import Node

from geometry_msgs.msg import Pose, PoseStamped

from moveit_commander import MoveGroupCommander, RobotCommander, PlanningScenelnterface
from moveit_commander import roscpp_initialize, roscpp_shutdown

import sys

from tf2_ros import Buffer, TransformListener

from rclpy.duration import Duration

import numpy as np

Robotics

class PickPlaceNode(Node):
def __init__(self):

super().__init__('pick_place_node')

# Initialize Movelt
roscpp_initialize(sys.argv)

# Setup TF buffer
self.tf_buffer = Buffer()
self.tf_listener = TransformListener(self.tf_buffer, self)

# Initialize robot commander
self.robot = RobotCommander()

# Initialize planning scene
self.scene = PlanningScenelnterface()

# Initialize move group for arm
self.arm_group = MoveGroupCommander("arm")

# Initialize move group for gripper
self.gripper_group = MoveGroupCommander("gripper")

# Wait for scene to get updated
self.get_logger().info("Waiting for planning scene...")
rclpy.sleep(2.0)

# Add table to planning scene
self.add_table_to_scene()

# Add object to planning scene
self.add_object_to_scene()

# Pick and place demo
self.get_logger().info("Starting pick and place demo...")
self.timer = self.create_timer(5.0, self.execute_pick_and_place)

def add_table_to_scene(self):

table_pose = PoseStamped()

table_pose.header.frame_id = "base_link"
table_pose.pose.position.x = 0.5

table_pose.pose.position.y = 0.0

table_pose.pose.position.z = -0.07 # Half the height of the table
self.scene.add_box("table", table_pose, size=(0.6, 0.6, 0.02))
self.get_logger().info("Added table to planning scene")

144

def add_object_to_scene(self):
object_pose = PoseStamped()
object_pose.header.frame_id = "base_link"
object_pose.pose.position.x = 0.4
object_pose.pose.position.y = 0.0
object_pose.pose.position.z = 0.02 # On the table
self.scene.add_box("object", object_pose, size=(0.05, 0.05, 0.05))
self.get_logger().info("Added object to planning scene")

def open_gripper(self):
self.get_logger().info("Opening gripper")
# Set joint values for open gripper position
# Adjust these values based on your gripper
self.gripper_group.set_joint_value_target([0.01, 0.01])
self.gripper_group.go(wait=True)
self.gripper_group.stop()

def close_gripper(self):
self.get_logger().info("Closing gripper")
# Set joint values for closed gripper position
# Adjust these values based on your gripper
self.gripper_group.set_joint_value_target([0.0, 0.0])
self.gripper_group.go(wait=True)
self.gripper_group.stop()

def move_arm_to_pose(self, pose):
self.get_logger().info(f"Moving arm to pose: {pose}")
self.arm_group.set_pose_target(pose)
success = self.arm_group.go(wait=True)
self.arm_group.stop()
self.arm_group.clear_pose_targets()
return success

def move_to_home(self):
self.get_logger().info("Moving to home position")
self.arm_group.set_named_target("home")
self.arm_group.go(wait=True)
self.arm_group.stop()
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Pick and Place

# 7. Attach object to gripper

def execute_pick_and_place(self): self.scene.attach_box("end_effector_link", "object")

# Cancel the timer so this only runs once

self.timer.cancel() # 8. Move back to pre-grasp

try: self.move_arm_to_pose(pre_grasp_pose)

# 1. Move to home position
self. nove_to_home()

# 2. Open gripper
self.open_gripper()

# 3. Get object pose
object_pose = self.get_object_pose()

# 4. Move to pre-grasp position (slightly above object)

pre_grasp_pose = Pose()

pre_grasp_pose.position.x = object_pose.position.x
pre_grasp_pose.position.y = object_pose.position.y
pre_grasp_pose.position.z = object_pose.position.z + 0.15 # Above object
pre_grasp_pose.orientation = object_pose.orientation

self. nove_arm_to_pose(pre_grasp_pose)

# 5. Move to grasp position

grasp_pose = Pose()

grasp_pose.position.x = object_pose.position.x

grasp_pose.position.y = object_pose.position.y

grasp_pose.position.z = object_pose.position.z + 0.05 # Adjust based on object height
grasp_pose.orientation = object_pose.orientation

self. nove_arm_to_pose(grasp_pose)

# 6. Close gripper
self.close_gripper()

Robotics

# 9. Move to place position

place_pose = Pose()

place_pose.position.x = 0.3
place_pose.position.y = 0.3
place_pose.position.z = 0.15 # Above table
place_pose.orientation = object_pose.orientation
self. nove_arm_to_pose(place_pose)

# 10. Lower to place position
place_pose.position.z = 0.05 # On table
self. nove_arm_to_pose(place_pose)

# 11. Open gripper
self.open_gripper()

# 12. Detach object
self.scene.remove_attached_object("end_effector_link", "object")

# 13. Move back up
place_pose.position.z = 0.15
self. nove_arm_to_pose(place_pose)

# 14. Return to home
self. nove_to_home()

self.get_logger().info("Pick and place operation completed successfully")

except Exception as e:
self.get_logger().error(f"Error in pick and place: {str(e)}")

145
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Pick and Place

def get_object_pose(self): def main(args=None):
# In a real scenario, you would get the object pose from perception rclpy.init(args=args)
# Here, we'll use the known position from our scene
object_pose = Pose() pick_place_node = PickPlaceNode()
object_pose.position.x = 0.4
object_pose.position.y = 0.0 rclpy.spin(pick_place_node)

object_pose.position.z = 0.02

pick_place_node.destroy_node()
# Set a valid orientation for grasping rclpy.shutdown()
object_pose.orientation.x = 0.0
object_pose.orientation.y = 0.0
object_pose.orientation.z = 0.0 if _name__ =="'_main_":
object_pose.orientationw = 1.0 main()

return object_pose
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RVIZ2 Display 7|5 49

1. Global options

¥ & Global Options
Fixed Frame map

Background Color M 48; 48, 48
Frame Rate 30
Fixed frame:

Indicates the name of the frame used as a reference for all the other frames.
You can select every frame available in the combo box.
map or odom are the best choices.

Frame rate:
The maximum frequency used to update the 3D view.

30 or 60 FPS are good values.
Available computational power should guide your decision.
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RVIZ2 Display 7|5 49

2. Grid
v < Grid ™

»  Status: Ok
Reference Frame <Fixed Frame=
Plane Cell Count 10
Mormal Cell Count 0
Cell size 1
Line Style Lines
Color M 160; 160; 164
Alpha 0.5
Plane XY

e Offset 0,00

Reference frame: The frame used as a reference for the grid coordinates (normally: <fixed_frame>)

Plane cell count: The size of the grid in cells

Normal cell count: The number of cells in the direction normal to the grid plane (normally: 0)

Cell size: Dimensions in meters of each grid cell
Plane: The two axes that identify the grid plane

HUMAN Al ROBOTICS
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3. Robot model

This plugin allows you to visualize the Robot Model according to its description from the URDF model.

¥ i, RobotModel v
. statwsiok .
Visual Enabled v
Collision Enabled
Update Interval 0
Alpha 1
Description Source Topic
¥ Description Topic fzed2/robot_description
Depth 1
History Paolicy Keep Last
Reliability Policy Reliable
Durability Policy Transient Local
TF Prefix 1
F Links

Visual enabled: Enable/disable the 3D visualization of the model

Description Source: You can choose between File and Topic.

At the moment of writing this guide the Topic option is not working as expected, so File is the
right option

Description File: the URDF file that contains the Robot Description zed.urdf or zedm.urdf.
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4. TF

This plugin allows you to visualize the position and orientation of all frames that compose the TF Hierarchy.

Q

v )+ TF
» v Status: Ok

Show Names ™~
show Axes &
Show Arrows ~
Marker Scale 0.15
Update Interval 0
Frame Timeout 15 X
" i Enabled zed _right Zzamcra_frame
» base_link
> zed camera.c.. zed_camera_center
» zed_left_came... & — —
d_left Lo O x )
s et o B zed_left_camera_frame

» zed_right_cam...
> Tree

Show names: Enable/disable the 3D visualization of link names

Show axes: Enable/disable the 3D visualization of the axes of the frames

Show arrows: Enable/disable the 3D visualization of the arrows that connect the
various frames

Marker Scale: Used to rescale all the TF objects to let them be more visible and less
chaotic

Update interval: The update time in seconds. Leave at 0 to see each update
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URDF - LINK

<link>= A3} <visual>, 3= <collision> , 2t <inertial>Ef 2 E2 FH O QUL
common tag
<origin> - ¥ Xt

ZtEAE S 2x2 /XS 3K S JOIM &7

rof
fujo
Ot
=
3
N
0
ne
TH
1y
fujo
ofm
Ot
Hu
M
10
oL
0%

meter), rpy (radian)= A& L}

<geometry> Ef = origin ZHE SO 2 HA| HIQt 2t 37|E M =C}

(oN

= =2 box, cyllnder sphere YEE 7|22 2 X|S3IC
HOSH7| 022 220l AL0|= STL, DAESS| CAD L2 2d8s = QUrCt

RObOtics 152 HUMAN Al ROBOTICS



ozt
!

FH 2.1 7|=

URDF - LINK

<collision>

<collision> Ej10f|= &2 39[ 7td HEF LIEtL= BEZ
<origin> 2} <geometry> Ef 1= {{0|AM gt L1 s ¥otHl #A| 2|7t Ot 7hHd &
2 <visual> Ef22| HA| HY{ECH O A SN otFES O e =& QUCt

<inertial>
=c| M £40 Mgkt 2 8Bl (inertial tensor) 2f= X8

|
<mass> Bl 1= 32| BAH (mass, Tl kg)

<inertia> Ef1= 2Hd 2HE (moments of inertia, Tt¢l:kgmA2)= 3x3 2| 2 HEHZ HI|.
CHEol2tA orel B=4 AT ZolE ottt

IXX IXy IXZ

IXy lyy lyz

IXZ lyz 1zZ
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<material> Ef1= 39| MAk(color)O|Lt HIA K] (texture)E X|HSt= O AIE

M

W, &, o] 8iF5k= 0.0 ~ 1.0 AtO[S] =AHE 42t 7| st 27

0
rlo
=
=[o)
1z
02

OF

OrX| 9} =Xt EE(ZIHZE 0.0 ~ 1.0 &f= 7HXH 1.0 O|H &F 58S ALESHA|
= AMZE #Alot= SEIE 2/0|

<texture> HlIANE= M (ex.png) =2 X|H
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MM HE A2} - IMU

AHRSE Attitude and Heading Reference System2| X2 A| SO =2 LIEIE = QAE IMZ O|FO0| M U
O Roll, Pitch, Yaw2| HHE +=&I5t= MM O|LC}. O] = 42 35 9] I|-0|§A_—TI_E (Z4SEA), 7154, Xt
71 A MM 7t MEMS(microelectromechanical systems)E & 2|2 7| 2|0f & & 2t=l Z1 0| L}

>\‘ J»

33 gyroscope(16bit), 33 acclerometer(16bit), 33 magnetometer(13bit)2 O| F0{ Xl AHRSE, USB LE0f =
Of AF-EStLY.
S 7|7 = =2 2 NED EtY = AFESHY, IMUO| M X5 0f CHSH x(north), y(east), z(down)2 2 H 7| BtC},

1)

original axes

-
-
v
~
v
~
@
-
-
-

X Y

axes used in this package

tooo0o0oco0o0OR
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(1) A%

GitHubOl| A myAHRS2| E2}0|H I§7|X|Z L{2{'2of ZX].
$ cd ~/catkin_ws/src

$ qit clone https://github.com/robotpilot/myahrs_driver.git
$ catkin_make

2) ® i=

USBE 17|18 &

HT
m
e o
|II
£Q
L=
o
HU |
c
w
O'I

= pln HAOl=2 AFHO| HE5IH ttyACMOZ =L
$ Is /dev/tty*
71710 HH Hets £0.
$ sudo chmod 777 /dev/tty*
7171 & &S A2t
oF mE 7tH of {7} LCHH myahrs driver.launch It & Q| If2}0] E{ Of A
E 0|22 QI0M =23t O| E(ttyACM1 &)2 = HZAG||Z0{0F L,

HH FE

$ roslaunch myahrs_driver myahrs_driver.launch # lauch It 2 2, RvizE 24 &2,
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Rviz2 &2 EQI$iCt RvizE launch THY A

A S A0 27 A Z Z4OLY.

o A3y
R0 A Axes, mu®] AU AS ZkzF MEhs}® ofal AFRIK Y 3 E3M slArETH 2 0|t

S IMUZt 7ke| 7| Qls EEo|Ct,

imu_test.rviz® - RViz

File Panels Help

No LF data. Actual err. Distance
Fl

» & Grid
- - Axes )
»

Marker Scale 4
Update interval 0
T

Frame Timeout 15
~ Frames
Allensbled ¥
Tree
» il imu o)
Add save
(© Time
ROS Time: 164195195113 ROSElapsed: |103.56 wall Time: 164195195116 | wall Elapsed: |103.52

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

Robotics

dinteract | TFMoveCamara  [lSelet  d FoousCamera = Measwre 7 20Posefstimate .~ 2DNavGoal @ PublishPoint & = &
) Displays 0 - Views =]
T o | Wk Type: [Orbit(viz)  +| | zero
Background Color WI48; 48; 48 ~ Current View  Orbit (rviz)
Frame Rate 30 Near Clip... 0.01
DefaultLight Invert Z Axis

Target Fra... <Fixed Frame>

301757

Focal Shap... 0.05
Focal Shap... !

v st ok Yaw 4.90359

atus: Pitch 0675398
Reference Frame imu_link » Focal Point  0.12184;0.2282
Length 05
Radius 003

- TF ]
Show Names.
Show Axes v
show Arrows

Remove || Rename
x|
Experimental

31fps

157

Hide:  Dead sinks

rqt_graph_RosGraph - rqt

ENode Graph
€ | Nodes/Topics (all) -l /
Group: |2+ Namespaces ¥ Actions v tf v Images v Highlight v Fit

Leaf topics v Debug v tf ¥ Unreachable v'Params

/imu

/imu/data_raw

/imu/data

/[imu/temperature

S

/imu/mag

0® -0
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IMUSHE EZF U2 A 0| Z 2O0[X| G=CF imul| SH0M Apha 245 0.3 =2 7Yt 50| 2 Z0|Ct,

Ele panels Help

) interact 4 Move Camera [ Salect FowsCamera = Maasura 20 Posa Estimate # whncosl 9 PbishPont & = &
EWM . Views [] _ -
T Type: Orbit(vin) - || zero E.Iill Il. E%:I LH _g_
Backge ~ Current View  Orbit (rviz)
Frame Rate. Mear Clip ... 0.01
Default Light v Invert Z Axis.
o No tf data. Actual err... ?D‘S;TW;;W ;gzm
il it ’ 1 I Flete P { =k - 7 0
" T e : A s imu/data_raw sensor_msgs/Imu b= OF Fh=C 0f CHE} raw O 0|
b ¥ Status: Ok Pitch 1355398 - -
Reference Frame  imu_Llink » Focal Point  0.12184; 0.2282
Length
Radius 0.03
. 2 TF |
1 f : =t T Fh -""‘l .I
i imu,/data sensor_msgs/imu orientation, 55 =, 75k 40|E
Show Arrows v
Marker Scale 4
Update interval 0
Frame Timeout 15

= Frames
AllEnabled V)

imu/mag sensor_msgs/MagneticField | X|X7|H o ol&

imu

b v Status: Ok
Topic [fimu/data

Unreliable

Color I 204; 57; 204

imuy/temperature | std_msgs/Float64 £ HoH

History Length 1

Alpha
s fully transparent, 1.01s fully opaque.

Add san Remove | Renam
© Time
ROS Time: 164195197436 | ROS Elapsed: 126.79 Wall Time: |1641951974.90 | wall Elapsed: 126.69 Experimental
Reset  Left iddle-click: Mave X/¥. Right Zaom. shift: ptions. 31fps
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ZastetolEe | YEE

erclpy: ROS 29| Python 22I0|1E 20| = 22|

ssensor_msgs.msg: 702t O|O|X|E /Tt ROS 2 HA|X| EIY

«cv_bridge: OpenCV O|O|X|2} ROS O|O|X| HA|X] 2t #H2h= f{Tt 2f0|E 22
«cv2: OpenCV 20| E 22|

«CameraPublisher 22 7Ho| N
“ROS 2°| Node 2 A S At2tiol |2 = E2 Ho|stL|C}

- _init_ HAME
-create_publisherE A2 'camera/image_raw' EEZ 0| Image HA|X|E 2| A
°create_timerE AHE35H0] 0.1 0k} (10HZ) timer_callback MM EE S E8t= EFO|HE A TL CL
*CvBridge ZiH|E AM43}l0 OpenCV OIDIXIQP ROS T A|X| 7+ HetZ FH|E L
°cv2.VideoCapture(O)E 7|2 ZtH2tE L Ck

«timer_callback 0| M E:
-cap.read() £ 7IH 2f0f| A =2f 12 =L Ct
I QY 917|0f| HESSHH, cv_bridge.cv2_to_imgmsgE AFE S0 OpenCV O|O|X[E ROS Image HA|X|2 #HSHaHL|C}
-HSHEl HA|X|E HE2[AlgL T}
-2 HA[X|E Lot

« del_ HME:
<A 7t AXE [ 7HO| 2t 2| A AE Sl AL CL.
emain &

= .
-CameraPubllsher i % MASE ARt Cf,
LI EEEH ™| R
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publisher (ROS2 humble)

import rclpy

from rclpy.node import Node

from sensor_msgs.msg import Image
from cv_bridge import CvBridge
import cv2

class CameraPublisher(Node):
def __init_ (self):
super().__init__(‘camera_publisher’)
self publisher_ = self.create_publisher(Image, 'camera/image_raw', 10)
self.timer = self.create_timer(0.1, selftimer_callback) # 10Hz
self.cv_bridge = CvBridge()
selfcap = cv2.VideoCapture(0) # 02 7|2 7t0|2tE o|0|EtL|Ct
def main(args=None):

def timer_callback(self): rclpy.init(args=args)
ret, frame = self.cap.read() camera_publisher = CameraPublisher()
if ret: rclpy.spin(camera_publisher)

camera_publisher.destroy_node()

msg = self.cv_bridge.cv2_to_imgmsg(frame, "bgr8") relpy.shutdown(

self.publisher_.publish(msg)

self.get_logger().info('Publishing camera frame’) £ name ==' main "

main()

def _del__(self):
self.cap.release()
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subscriber (ROS2 humble)

import rclpy

from rclpy.node import Node

from rclpy.qos import QoSProfile

from sensor_msgs.msg import Compressedimage
import numpy as np

import cv2

from cv_bridge import CvBridge

import base64

# O|O|X| HAIX| H|OJHE O{yO] HE{ =2 HEt
bridge = CvBridge()

class ImageSubscriber(Node) :
def __init_ (self) :

super().__init__('image_sub')

gos = QoSProfile(depth=10)

selfimage_sub = self.create_subscription(
Compressedimage, # AZE El HA|X| EfY
'/camera/image/compressed’, # EEZ|AEAM =33 E
selfimage_callback, # ‘J2|st SHHet
qos)

selfimage = np.empty(shape=[1])

JH
+>|
>

Robotics

https.//github.com/ANI717/ros2_camera_publish

def image_callback(self, msg) :
img = bridge.compressed_imgmsg_to_cv2(msg)
cv2.imshow('ros_img', img)
cv2.waitKey(100)

def main(args=None) :
rclpy.init(args=args)
node = ImageSubscriber()

try :
rclpy.spin(node)
except Keyboardinterrupt :
node.get_logger().info('Stopped by Keyboard")
finally :
node.destroy_node()
rclpy.shutdown()

if _name__ =="_main__":
main()
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YDLIDAR 2}0|C} A X]

ROS2 E2}0|H A X]

S cd ~/ros2_ws/src/
$ git clone https://github.com/YDLIDAR/YDLidar-SDK.git
$ git clone https://github.com/YDLIDAR/ydlidar_ros2_driver.git

cd YDLidar-
mkdir build
cd build
cmake ..

make

sudo make install

S cd ~/ros2_ws
$ colcon build --symlink-install
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$ ros2 run ydlidar_ros2_driver ydlidar_ros2_driver_node --ros-args --param port:=/dev/ttyUSBO --ros-
args —--param frame_id:=laser_frame --ros-args —-param baudrate:=128000 --ros-args —--param
lidar_type:=1 --ros-args —-param device_type:=0 --ros-args --param sample_rate:=9 --ros-args --param
abnormal_check_count:=4 --ros-args —--param resolution_fixed:=true --ros—-args —--param reversion:=true
--ros—-args --param inverted:=true --ros-args —--param auto_reconnect:=true --ros-args --param
isSingleChannel:=false --ros-args --param intensity:=false --ros-args --param
support_motor_dtr:=true --ros-args —--param angle_max:=180.0 --ros-args --param angle_min:=-180.0 --
ros—args —--param range_max:=64.0 --ros-args --param range_min:=0.01 --ros-args --param
frequency:=10.0 --ros-args —-param invalid_range_is_inf:=false

S cd ~/ros2_ws/src/
$ git clone https://github.com/mechasolution/ydlidar_x4_example.git
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Panels Help File Panels Help
fryinteraet  fFMove camera  [jselect = fhynteraet | “Move Camera  [lselect FocusCamera  ==Measure .~ 2D Pose Estimate 0 GealPose  § Publishpoine SR =
3 2 Displays . Views L] I Displays Ll . Views °
- @ clobal Options Create visualization = - @ Global Options = P
Fau ~ Far ~
Fixed Frame map Type: | Orbit (rviz_defa Zero HisdFrame \aser frame Type: | Orbit (rviz_defa Zero
Background Color [l 48; 48; 48 By display type By topic « Current View oOrbit (rviz) Background Color [l 48; 48; - Current View  Orbit (rviz)
Frame Rate 30 - Jclicked_paink Near Clip... 0.01 Frame Rate 30 Near Clip ... 0.01
= @ Global Status: E ® Pointstamped Invert Z Axis =  Global Status: Ok Invert Z Axis
ed Frame  Frame [map] does not.. = Jgoal_pose Target Fra... <Fixed Frame> < Fixed Frame OK Target Fra... <Fixed Frame>
v ¢ # Pose Distance 10 v @ Grid v Distance 11,0415
- finitial Focal shap... 0.05 . = Focal Shap... 0.05
.'ng“w‘thc Focal shap... ¥ “\ LaserScan Focal shap... ¥
sewithCovariance Yaw 0.785398 v o Status: Ok Yaw 0.550397
T —— Foc ot (e " o Focront G
+ Focal Point  0;0;0 Depth 5 ¢ Focal Point  0;0;0
. . N History Policy  Keep Last
h
Show unvisualizable topics | Reliability Po... BestEffort |
Description: f Durability Po... volatile . v
Displays the data from a sensor_msgs:LaserScan message as Selectable v
points in the world, drawn as paints, billhoards, or cubes. More Style Flat Squares
Information. L )] 5
Alpha 1
. Decay Time o
Display Name Position Transf... XYZ
Color Transfor...  Intensity
Lassrscan Channel Hame intensity E
Ocancel | Sok | size (m)
____ Point size in meters.
Add Save Remove | Rename Add save Remove | Rename
31fps Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. ShiFt: Mare options. 31fps
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1. x| ol
™ X RPLIDARE JetsonOf| AZASLA /dev/rplidar?t Y=X| SCISHFM 2.

$ Il /dev/rp*
$ /dev/rplidar -> ttyUSB1

2. Slamtec rplidar_ros X
rplidar_ros githubOl| A ros2 branch& LCt22ESt & ©RETIL|LCT

$ cd ~/ros2_ws/src
$ git clone -b ros2
https://github.com/Slamtec/rplidar_ros.git

$cd..
$ cbp rplidar_ros
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RPLidar

3. RVIZ2E F%t 29|

=1,
AlSH
o

Asbri Connection Manager

° - use@
(rplidar node-1] [INFO] [1694337222.239338741] [rplidar node]: RPLidar health status : @
node-1] [INFO] [1694337222.239444440] RPLidar health status : OK.

tart

{rplidar
node-1] [INFO] [1694337222.239491603] [rplidar_node]: S
current scan mode: Sensitivity

#1 inal #1
| h moni bri lidar_all.l h
ros2 launch monicar2_bringup rplidar_all.launch.py
[rplidar
node-1] [INFO] [1694337222.929291719] [rplidar node]
“CIWARNING] [launch]: user interrupted with ctrl-c (SIGINT)
;

[rplidar_node]

(rplidar node-1] [INFO] [1694338926.040834845]
rocess has finished cleanly [pid 28407]

[INFO] [rplidar_node-1]: pi
tsongnanc:~/ros2_wsé ros2 launch monicar2 bringup rplidar. launch
Jopt/ros/foxy/bin/ros2:6: DeprecationWarning: pkg resources 1s deprecated as an APL. See http

je
5://5€tuptools. pypa. io/en/atest/pkg_resources.htm
t

/home/zeta/ros2_ws/Install/monicar2_bringup/share/monicar2_bringup/rviz/rplidar.rviz* - RViz
resources inport load_entry poin
[INFO] [lainch]: ALL log files can be found below /home/jetson/.ros/10g/2023-09-10-11-47-51-1

file panels Help
et 4 Move Camers Focus Camera WPosestinate 20 CoslPose  § Publish Pt
ron pkg

°
12875 -nano-84788
[INFO] [launch]: Default logging verbosity is set to INFO
(INFO] [rplidar node-1): process started with pid [84866]
[rplidar_node-1] [INFO] [1694339271.732780701] [rplidar
RPLIDAR SOK Version:2.0.0

(INFO] [1694339271.795740657] [rplidar node]:

Displays
® Global Options
FixedFrame  laser_link
Background Color B 48; 4848
node]: APLidar running on ROS2 packag
e rplidar_ros
{rplidar_node-1] RPLidar S/N: 60BIEDFICTE298D1A
TE3IFEF2FDE0S31E
[rplidar_node-1] [INFO] [1694339271.798177737]
[rplidar node-1] [INFO] [1694339271.860352416]
1] [INFO] [1694339271,853792858]

Firmare Ver: 1.29
Hardware Rev: 7

RPLidar health status
RPLidar health status :

[rplidar_node]:
{rplidar node]:
{rplidar_node]
1] [INFO] [1694339271.853931038) [rplidar node]:
node]: Start

current scan mode: Sensitivity

3 2 C i
2P A rviz
lopic 3 [scan
-1] [INFO) [1694339271.853981091] [rplidar
[rplidar_node-1] [INFO] [1694339272.546235543] [rplidar_node]
, sample rate: 8 Khz, max distance: 12.0 m, scan frequency:10.8 Hz,

remote 2t40| &

Durability Po... Volatite

I*
Mg
Lh=

Notf data. Actual er.

v
Flat Squares
zeta@changwhan-ASUS: ~/ros2_ws

°
xvz

#terminal #1
$ ros2 launch monicar2_bringup rplidar.launch.py

Move X/Y. Right-Click/ :: Zoom. Shift

#terminal #2, PCO| A A3
$ ros2 launch monicar2_bringup view_rplidar.launch.g
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OO M= 7| 2O 2 tkinter O|2H= GUI EEE X35t

pip install PyQt5
pip install pyqgt5-tools

Dialog with Buttons Bottom
Dialog with Buttons Right
Dialog without Buttons
Main Window

> e

>
SHICIE DR
= @s
a9 337 22 37 w
@ ATE I 0] 3 27 EA
—LwEpE | B HE2Ys- | 2O

I M 2 - Qt Designer x
bt templatesforms

I at Designer

| I2E B 20 20Y

AR 4x

2EO

DB D0 HERE Il E WX

ZH

Containers

v
Ij Group Box
Scroll Area
ﬁ Tool Box

] Tab widget
a Stacked Widget
D Frame

[Z] widget

[E) MDI Area

E3 Dock widget

Robotics

Input Widgets

~
Combe Box

E Font Combo Box
Line Edit

Text Edit

Plain Text Edit
Spin Box
Double Spin Box

() Time edit

W ESTH

(13 Form - untitled ui
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PyQT5

m

g =| pygt_test.py 2022-10-13

m

[ untitled.ui 2022-11-18

import sys
from Pylth  OtWidaets import =
from Pylth import uic

form_class = vic. loadJi Tvpe "untitled. ui")[0]

class MylWindow(OMainWindow, form_class):
def __init__(self):
super(). __init__()
self.setupli(self)

if __name__ == "__main__":
app = Qdpplication(sys.argy)
myW i ndow = Myl i ndow( )
myl i ndow . show! )
app . exec_( )
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PyQT5
class MainWindow(QMainWindow):

def _init__(self):
super().__init__()

import sys

import time # Ul 74

from PyQt5.QtCore import QThread, pyqtSignal self.setWindowTitle("QThread Of| &{|")
from PyQt5.QtWidgets import QApplication, QMainWindow, QPushButton, QLabel, self.resize(300, 150)

QVBoxLayout, QWidget
self.label = Qlabel("HES =21 2 A|ZH self)

class V\{&rkeerTreaTI(QThreHadz 5 1w self.label.setAlignment(Qt.AlignCenter)
# A0 QFEI|US [ M= AlOd
finished = pyqtSignal(str) self.button = QPushButton("ZF 2l A&, self)
self.button.clicked.connect(self.start_thread)
def run(self):
# 2] d2|= HYS 07| = layout = QVBoxLayout()
timesleep3) # O =01, 3X 3¢ L{7|5t= &Y layout.addWidget(self.label)
result = "= ¢ 2t=1" layout.addWidget(self.button)
# 20| ELIH Al Od2 20t E ©E container = QWidget()
self.finished.emit(result) container.setLayout(layout)
self.setCentralWidget(container) def main():
app = QApplication(sys.argv)
def start_thread(self): window = MainWindow()
# WMOERE HUS for A E MY window.show()
self.thread = WorkerThread() sys.exit(app.exec_())
self.thread.finished.connect(self.update_label)
self.thread.start() if _name__ =="_main_":
main()

def update_label(self, result):
# A8 E 2ol ELHE 20|F Go|E

self.label.setText(result)
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