aAflan1s3aug ROS 2 Galactic | RAIL Center, Kamalasai School1

Qilan1saaug

ROS 2 Galactic

@2¢l Turtlesim & LotusBot

3LAU AUIU U
4.4-6 7 un RAIL Center
(RAIL) + Lab & Quiz kls.ac.th

RAIL - Robot and Atrtificial Intelligence Learning Center | kls.ac.th



aAflan1saaug ROS 2 Galactic | RAIL Center, Kamalasai School2

UNU: ANSLOSUNAINNNSDN

AaUBNAY JiZausadnTaRauaINwInaaNLY Ubuntu 20.04 Tvinsaunaulaua

1. Source Environment

nna9NLda Terminal 11 6iav source nau:

Willa Terminal Iy

s/galactic/setup.bash

# uustn: WNlu .bashrce iWalidanTuds
echo "source /opt/ros/galactic/setup.bash" >> ~/.bashrc

source ~/.bashrc

2. a’AFaUdgD UL

16

printenv | grep ROS

# AISWIUNAAWS: ROS DISTRO=galactic

3. Mmaaumsﬁ'am's

# Terminal 1: &vdlaya (Talker)

rosZ2 run demo nodes cpp talker

Sudiaya
des

_py listener

run demo node

¢ Workflow %ian

e Source — Build — Launch — Monitor — Debug
e FAduiiliigual :edusauladusaunnileazvinlvtaa error 16
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UNTA 1

Nodes uariasyasnvscuu
ROS 2 Nodes & Graph Architecture

nauf: Node Aaaz'ls?

ROS 2 vinouuuy Distributed System 1aaii Node tfluniiialssananatiaae Mivineu
@WITNY weiag Node Liiansadusinu Graph

L%

Node ¢éhatinv WU 1u LotusBot

camera_node

turtlesim node wagavns1#ln Turtle (ESP32-CAM)
o teleop_node (5u cmd 31n
turtle_teleop_key 31 Input ann Keyboard PC)
. 39!
micro ros agent \ilau ESP32 fu ROS? Tu LotusBot 239! (USB

Serial)

# U Turtlesim

ros?2 run turtlesim turtlesim node

§ Node NANAIIUELNIVUA
node list

Aazldanuay Node
/turt

node kill /turtlesim

Lab 1: naaadvsisvuazasdadau Node

Janiscava:
\ila Turtlesim node wazdatnamingnanlsng
12§69 ros2 node list wag ros2 node info
tflm turtle_teleop_key wagnaaagmiuau
NauNunIW Node Graph saadia
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. .=l
Quiz numuunn 1

2ia  ANaU AnaU

- wihalsznanataaivineuane
¥'157?
1 Node Tu ROS 2 #Aaayls? .
2  @1&9q Node Middosuatdaayls? ros2 node list

\Hian ESP32 fiu ROS2 #u USB

3 1u LotusBot micro_ros_agent vinwiniiagls? S

RAIL - Robot and Atrtificial Intelligence Learning Center | kls.ac.th



aAflan1s3aug ROS 2 Galactic | RAIL Center, Kamalasai School5

UNA 2

Topics waz Messages

Publish / Subscribe Communication

nauf: Topics vinvuacne'ls?

Topics 123wy Publisher/Subscriber — #j&s (Publisher) &saiayaiiin Topic 1aaliaula
1N 1As5 ¢f5u (Subscriber) Surayaiaaliagulainlasge wnnsdutdayasaliiag iy AN
Sensor #3aA1&IAIINLED

§ arsiitanTaesiu LotusBot

«  Topic /cmd_vel — ggddonnansalude ESP32 sy micro-ROS
* Topic /scan — Furiaya LiDAR a1n YDLidar X3 (12Hz)
* Topic /odom — 5u@1 Odometry a1n encoder aa

A1dvn32adau Topics

# UAAY Topic VMNUNA

ros2 topic list

# Monitor 4@ya Real-time

ros2 topic echo /turtlel/pose

# gAuDNISANTaNe (Hz)

ros2 topic hz /turtlel/pose

#UAUDAINN  (Message Type)
/

S
opic info /turtlel/cmd vel

# d9ANLHEY (--once)

ros2 topic pub —--once /turtlel/cmd vel geometry ms sg/Twist

"{linear: {x: 2.0, y: 0.0, z: 0.0}, angular: {x: O. yv: 0.0,

# dvsiavilavi 1 Hz
ros2 topic pub --rate 1 /turtlel/cmd v

"{linear: {x: 1.5, y: 0.0, z:
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Lab 2: 9tnanisdvaiayaniiu Topic
Jaaiscava:
tfla Turtlesim way echo /turtle1/pose wiaufu

&9 cmd_vel Wiishdoruiluronax
1l5u@n linear.x WAy angular.z uaIFILAALEUNY
furinA1Avinlvien o dusd&manu

. =
Quiz NUMULNN 2

2ia  @a1a U AnaL

1 sluuunsfasnsuas Topics Aaagls? Publisher/Subscriber
2 Topic lanilaRedd@9auEI I Turtle? /turtle1/cmd_vel
3 1u LotusBot 2iaya LIDAR atj#i Topic 1a? /scan (LaserScan message)

Reliable wiuaugneag, Best

. . . o )
4 QoS Reliable gnvann Best Effort ating'ls? Effort tiua iz
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UNT 3

Services war Parameters

Request/Response & Configuration

Services: Request / Response

Services 1731uuy Request/Response iangiuaunivinasaifiay wfu sidaninaa via
folviuauslusrunianarviua

Service YNUNA

service list

wn L1921

service call /sp

0.0, name: 'turtle2'}"

JUAUaY Node

/turtlesim

param set /turtlesim background r

param set /turtlesim background g

param set /turtlesim background b

# 2limeuiia  (savdun /c
ice call /clear = rv/Empty

Parameters adylwWa

ram dump /turtlesim

4§ asianiavAu LotusBot

» Parameter 1u LotusBot: scan_frequency (mmﬁ LiDAR), robot_radius (5@fiviueiue)
» Service: /set_pose 12 Reset siniitidviuaue tu Simulator
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*  Parameters &nsalunanann’va .yaml 6 azainlunisdon

Lab 3: naaav Services war Parameters
Jaaiscava:
]ad Spawn 161 3 M TUFAILKLUIFAI9Y

asudAunduiludivauuazaraniwniiaa
auLeaeeE Service /Kkill
ffuvin Parameters 6281 param dump

Quiz NUNIUUNN 3

2ia AU A1na

. : . . Services ilu Request/Response
? &
1  Services 19310 Topics ating'ls? Y-

o b im &aagls? ros2 service call /reset
2  Ad9ida Turtlesim Aaag'ls” std_srvs/srv/Empty

'

3 ¢@avsun Service landvllaaudnunas? /clear
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UNT 4

ANstAsTvisTuULsna RQT
Debugging Tools & Visualization

i3aviia GUI #11i5u Debug

i3avdia ety
rgt_graph waaILNUNY Node/Topic v1iua
rgt_console w&av Log, Warning, Error
rqgt_plot Plot ns79W@A1 Topic Real-time
rqt_reconfigure 15U Parameters wuu Real-time
rviz2 Visualize 3D: LIiDAR, TF, Map

n151ad rqt_graph

# vsallaniu rgt walldan Plug
rgt

tadiias?
mau Debug nsidiansia
mau Node fitleyuin
JLAs1ZYiA Sensor

Tune A1 1aa'lisiag
Restart

Aiaya LotusBot LIDAR

¢ A19anu rqt_graph

« 29nau = Node, naasdindau = Topic
s QAT = iAn19A1sRvaya (Publisher — Subscriber)

» 1u LotusBot: micro_ros_agent azisagiiiandu /cmd_vel Lag /scan

Lab 4: Debug @24 RQT Tools
Jaaiscava:
tfle rqt_graph wsau Turtlesim way teleop

a1 W Node Graph wagssuni@nvdaya
1o rgt_plot 3nans W /turtle1/pose/x uag ly
14 rqt_console g Log aauglzdou
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. .=l
Quiz numuunni 4

2ia  ANaU AnaU

WU Node way Topic Woniualu
YU

1 rqt_graph uaavrayaasls?

2  a%aviialala Plot nsaen Topic? rqt_plot

Visualize 2iaya LIDAR uag TF

. Y o ) Qs f)
3 rviz2 TvinaglsAu LotusBot? Frame 1 3D
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UNi 5

Astdauldsunsuy Python
Python Node Programming

s919 Workspace waz Package

# &5 Workspace
mkdir -p ~/ros2 ws/src && cd ~/ros2 ws/src

# #4919 Python Package
ros2 pkg create --build-type ament python my turtle controller \
-—dependencies rclpy geometry msgs turtlesim

# Build

cd ~/ros2 ws

colcon build

source install/setup.bash

wa 1: 39ruilurenau (Basic Publisher)

# ~/ros2 ws/src/my turtle controller/my turtle controller/circle.py
import rclpy

from rclpy.node import Node

from geometry msgs.msg import Twist

class TurtleCircle (Node) :
def init (self):
super (). init ('turtle circle')
self.publisher = self.create publisher (Twist, '/turtlel/cmd vel',

self.timer = self.create timer (0.5, self.timer callback)
self.get logger () .info('TurtleCircle node started!"')

timer callback(self) :

msg = Twist ()

msg.linear.x = 2.0 # AauEAAURUl  (m/s)
msg.angular.z = 1.0 # ﬂawuﬁawuu (rad/s)
self.publisher.publish (msqg)

def main (args=None) :
rclpy.init (args=args)
node = TurtleCircle ()
rclpy.spin (node)
rclpy.shutdown ()
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THaN 2: Anausunu (Publisher + Subscriber)

# ~/ros2 ws/src/my turtle controller/my turtle controller/pose tracker.py
import rclpy

from rclpy.node import Node

from geometry msgs.msg import Twist

from turtlesim.msg import Pose

class PoseTracker (Node) :
def init (self):
super (). init ('pose tracker')
self.publisher = self.create publisher (Twist, '/turtlel/cmd vel',

self.subscriber = self.create subscription(
Pose, '/turtlel/pose', self.pose callback, 10)
self.current pose = None

def pose callback(self, msg):
self.current pose = msg
self.get logger () .info (

f'Position: x={msg.x:.2f}, y={msg.y:.2f},
theta={msg.theta:.2f}")

# Vaatiaanuanuaulun

if msg.x > 9.0 or msg.x < 1.0 or msg.y > 9.0 or msg.y < 1.0:
stop msg = Twist ()
self.publisher.publish (stop msg)
self.get logger () .warn ('Boundary reached! Stopping.')

def main (args=None) :
rclpy.init (args=args)
node = PoseTracker ()
rclpy.spin (node)
rclpy.shutdown ()

1WeaN 3: Uanneuataye (Waypoint Navigator) — iifaufu LotusBot

# ~/ros2 ws/src/my turtle controller/my turtle controller/waypoint.py
import rclpy, math

from rclpy.node import Node

from geometry msgs.msg import Twist

from turtlesim.msg import Pose

class WaypointNavigator (Node) :

def init (self):

super (). init ('waypoint navigator')
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self.pub self.create publisher (Twist, '/turtlel/cmd vel', 10)

self.sub self.create subscription (Pose, '/turtlel/pose',
self.pose cb, 10)

# NUUA Waypoints V)

self.waypoints = .0,2.0),(8.0,2.0), (8.0,8.0), (2.0,8.0), (5.0,5.0)1]

self.current wp =

self.pose = None

self.timer = self.create timer (0.1, self.control loop)

pose cb(self, msg): self.pose = msg

def control loop (self):

if self.pose is None or self.current wp >= len(self.waypoints):
return

tx, ty = self.waypoints[self.current wp]
dx = tx - self.pose.x; dy = ty - self.pose.y
dist = math.sqgrt (dx**2 + dy**2)
if dist < 0.3: # iV Waypoint uan
self.get logger () .info (f'Reached waypoint {self.current wp}!")
self.current wp += 1; return
angle to goal = math.atan2(dy, dx)
angle err = angle to goal - self.pose.theta
msg = Twist ()
msg.linear.x = min(l.5, 0.5 * dist)
msg.angular.z = 2.0 * angle err
self.pub.publish (msqg)

def main (args=None) :
rclpy.init (args=args)
node = WaypointNavigator ()
rclpy.spin (node)
rclpy.shutdown ()

4 vifauAu LotusBot 33y

1A Waypoint Navigator fil2ilsidu LotusBot Taenil&au Topic ain /turtle1/cmd_vel
vflu /emd_vel

1l&eu Pose ann turtlesim.msg.Pose Lilu nav_msgs.msg.Odometry
Logic msauauuiiaudunnacing! ddanugiuuas Navigation Stack

Lab 5: wiaulidsunsu Python Node
Jaaiscava:
&319 Package way Node 397mr9nau Build uazsu
wATAa eIl &ndnu (4 waypoints)
Win Log uandAn Pose Mn 2 Sunii
Challenge: vihlviisueaidiade Waypoint gavine
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. .=l
Quiz nuMUUNN 5

2ia  ANaU AnaU

Message Type, Topic Name,

1 create_publisher() siavszuas1lsiineg?

Queue Size
2  create_timer(0.5, callback) nunamiuinayls? 13un callback nA 0.5 Jui (2 Hz)
3 sagl&duu Topic lauialddy LotusBot? Jturtle1/cmd_vel — /cmd_vel
4  math.atan2(dy, dx) 1deduauazls? yuanEuKLe i iullde Goal
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UNT 6

Actions wazszuuinnea TF

Actions & Transform Frames

Actions: ANsAATzaze

Actions tungdusrunldaiuiu wu Navigation ‘ludiihuung 1aad 3 grunan:

sgruilsznau A1asune ¢natnv LotusBot
Goal vhvaunaisagnis 1A e x=3.0, y=2.0
Feedback ANMUALKRUITLUININY seaEN9vda: 1.5m
Result nadwsilavingsa Reached goal: True

# Q91Uazldan Ac

ros2 action info /turtlel/rotate absolute

TF: szuunAa Transform

TF dansanuduiussznineidauasiugiuca1vg aaviuaus 12y world — base_link —
laser_frame

# 6 TF Tree YNUNA

5}

ros2 run tf2 tools view frames

# Monitor TF Real-time

ros2 run tf2 ros tf2 monitor

# wlasdinmszniy Frame

ros2 run tf2 ros
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4’ TF 1u LotusBot

* Frame #an: map — odom — base_link — laser_frame
* YDLidar X3 finatji laser_frame #i1931a base_link auiiduualu URDF
¢ SLAM az&379 Transform 5¢%4319 map wag odom 1aadaiulié

Lab 6: naaavy Actions wax TF
Jaaiscava:
&9 Goal 11 Turtle uw'ld 90 ave (1.57 rad)

/ TF Tree & view_frames wag echo
&9 Goal iaraasvfinduLaIFILne Feedback
MALNUAINW TF Frame a9 LotusBot

. =
Quiz NUMUUNN 6

2ia Aa1a U AnaL

. . . . Actions §i Feedback 5314319%0
2 <
1  Actions 61931n Services ating'ls? a1, Services "Lt

o " map, odom, base_link,
o Wl —
2  1u LotusBot §i TF Frame ay'l51i197 laser_frame
3 Ghél‘"\‘lq TF Tree @Aaagls? ros2 run tf2_tools view_frames
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UNA 7

SLAM uarn1sitnmeaniuila
SLAM & Autonomous Navigation with LotusBot

uniilanTaanndunizauniingdu LotusBot 2399 uu Jetson Nano tWavin SLAM uag
Navigation aaTui@

2 o
153U LotusBot
# 1. SSH W1 Jetson Nano
ssh lotusbot@ .168.x.x
rce /opt/ros/gal ic/setup.bash

~/lotusbot w nstall/setup.bash

U micro-

run micro r gent mi e g = serial --dev /dev/ttyUSBO

5U YDLidar X3 (Terminal L&)

launch ydlidar ro driver ydlidar launch.py

M579d8U Topic
topic list # AI5AU /scan, /cmd _vel, /odom

# Terminal UUW Host PC: e RvViz2

~71 77
rvizz

SLAM

box online

TUANLNUA

#
rosZ run navz map

Python Waypoint Navigator &11i5u LotusBot
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# ~/lotusbot ws/src/lotusbot nav/lotusbot nav/multi waypoint.py

import rclpy, math

from rclpy.node import Node

from geometry msgs.msg import Twist
from nav_msgs.msg import Odometry

class LotusWaypointNav (Node) :
def init (self):
super (). init ('lotus waypoint nav')
self.pub = self.create publisher (Twist, '/cmd vel'
self.sub = self.create subscription(
Odometry, '/odom', self.odom cb, 10)
# Waypoints #1150 LotusBot (tN&9)
self.waypoints = [(1.0,0.0), (1.0,1.0), (0.0,1.0), (0.0,0.0) 1]
self.current wp = 0
self.x = self.y = self.yaw = 0.0
self.timer = self.create timer (0.1, self.control loop)

odom cb (self, msqg) :
self.x = msg.pose.pose.position.x
self.y = msg.pose.pose.position.y
# wlavy Quaternion - Euler
g = msg.pose.pose.orientation
self.yaw = math.atan2 (
2* (q.w*g.z + g.x*q.y), 1-2*(g.y**2 + g.z**2))

control loop (self):

if self.current wp >= len(self.waypoints):
self.pub.publish (Twist ()) # WA
self.get logger () .info('All waypoints reached!')
return

tx, ty = self.waypoints[self.current wp]

dx = tx - self.x; dy = ty - self.y

dist = math.sqgrt (dx**2 + dy**2)

if dist < 0.1:
self.current wp += 1; return

angle err = math.atan2(dy, dx) - self.yaw

# Normalize angle [-pi, pi]

angle err = math.atan2 (math.sin(angle err), math.cos(angle err))

msg = Twist ()

msg.linear.x = min(0.2, 0.3 * dist)

msg.angular.z = 1.5 * angle err

self.pub.publish (msqg)

def main (args=None) :
rclpy.init (args=args)
node = LotusWaypointNav ()
rclpy.spin (node)
rclpy.shutdown ()

RAIL - Robot and Artificial Intelligence Learning Center | kls.ac.th




aflan1saaug ROS 2 Galactic | RAIL Center, Kamalasai School19

Lab 7: SLAM uac Navigation 339628 LotusBot
Jaaiscava:
lianeia LotusBot uazasiasau Topic /scan way /odom

5u slam_toolbox wagdiu LotusBot &519unuiiviag
ffurinununuazianladoruluy Nav2
Challenge: tfiau Python Node 1inn19 3 Waypoints 86 Tusié

. =
Quiz nuMmuunn 7

2ia A1a U AnaL

Simultaneous Localization and

1  SLAM tiaunxainagls?

Mapping
2 LotusBot 12 LIDAR jula? YDLidar X3 (12Hz, USB Serial)
3 micro-ROS Agent vinoukinu Transport 1a? USB Serial (ttyUSBO)
4  sasulasrayalaann Odometry iavinuu? Quaternion — Euler (12 atan2)
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UN?A 2
AsuA latagrnnnulias

Troubleshooting Guide

tleyun AL sunla
source

command not found £19'l3d source setup_bash /opt/ros/galactic/setup
.bash

ROS_DOMAIN_ID 619

uad'liiu Node Au export ROS_DOMAIN ID=0

U
Build ua?Tan Lt asy fio'lai source install/ T .
Permission Denied and workspace An f?izsgigzn TR ousER
LIDAR sinausuag USB Device Permission 500 Si00c. 0%
micro-ROS 11 Connect Baudrate w3a Port fin ATIAFBU --dev Uy

Baudrate 115200

[’] Checklist Aautsulal LotusBot nnass
* source /opt/ros/galactic/setup.bash
* source ~/lotusbot_ws/install/setup.bash
*  a5ARauU USB: Is /dev/ttyUSB*
*  Ju micro_ros_agent AauLgua
*  A5IARAU Topic: ros2 topic list | grep scan

si5ul: Workflow vianuae ROS 2

1. Source 2. Build 3. Launch 4. Monitor
source .
setup.bas colcon build ros2 run / topic echo rqgt graph /
h launch / hz console
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