Chapter 1: Introduction to ROS 2
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Chapter 2: Getting Started with ROS 2 Programming

robot@robot-VirtualBox: ~

= 2 run demo_nodes cpp talker
[INFO] [1725800493.3301 [talker]: Publishing: 'Hello World: !
[INFO] [1725800494.3281 [talker]: Publishing: 'Hello World:

robot@robot-VirtualBox: ~

:$ ros2 run demo_nodes_cpp listener
[INFO] [1725800493.330704172] [listener]: I heard: [Hello World:
[INFO] [1725800494.328499028] [listener]: I heard: [Hello World:
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TurtleSim

robot@robot-pc: ~/Mastering_R|
robot@robot-pc: ~/Mastering_RO




$ docker info
Client: Docker Engine - Community
Version: 27.2.0
Context: rootless
Debug Mode: false
Plugins:
buildx: Docker Buildx (Docker Inc.)
Version: v0.16.2
Path: /usr/libexec/docker/cli-plugins/docker-buildx
compose: Docker Compose (Docker Inc.)
Version: v2.29.2

Path: /usr/libexec/docker/cli-plugins/docker-compose

[+] Building ©0.0s (7/7) FINISHED
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Chapter 3: Implementing ROS 2 Concepts
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fcustom_topic

! /subscriber_node

/publisher_node

/std_string_topic

robot@robot-pc: ~

robot@robot-pc: ~ 59%x27 &)

robot@robokpc: ~ 62x27

publisher_node_params

Publishing custom message: data="Hello String’, number=42
Publishing: 'Hello, world!"
Publishing custom message: data="Hello String’, number=42
Publishing: 'Hello, world!"
Publishing custom message: data='Test ', number=42
Publishing: 'Hello, world!

subscriber_node

Received custom message: data="Hello String’, number=42
Received: 'Hello, world!'
Received custom message: data="Test ', humber=42
Received: 'Hello, world!

Setting ROS 2 params

ros2 param set publisher_node_params custom_string "Test"
Set parameter successful




robot@robot-pc: ~fros2_ws

robot@robokpc: ~/ros2_ws 67x7

: S ros2 run master_ros2_pkg simple server
[INFO] [1729089591.254901337] [string concat service]: Started ROS
Service Server
INFO] [1729089593.694100079] [string concat service]: Received: st

ri="'Hello, ', str2='World!'; Responding with: 'Hello, World!' I

1

robot@robotpc: ~/ros2_ws 67x6
: $ ros2 run master _ros2 pkg simple client
[INFO] [1729089593.692337714] [string concat client]: Started ROS 2
Service Client
[INFO] [1729089593.694575941] [string_concat_client]: Result: conca
tenated_str="Hello, World!'

s (]

robot@robot-pc: ~

robot@robokt-pc: ~ 62x7




Chapter 4: Working with Robot 3D Modeling in ROS 2
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Fusion 360 -> ROS 2 URDF

Welcome to the Fusion ‘Fusion 360 -> ROS 2 URDF Script’ plugin.

This tool generates a robot_description package with launch files for
visualizing your robot in Rviz and spawning the model in Gazebo.

It has been tested with ROS 2 Jazzy and Gazebo Harmonic, as well as ROS 2
Humble with Gazebo Classic.
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Chapter 5: Simulating Robots in a Realistic Environment
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Chapter 6: Controlling Robots Using the ros2_control Package

Controllers ’
Loads Grant Request
Interface Interfaces

Controller Manager }

Claim
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7I Resource Manager ‘
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Chapter 7: Implementing ROS 2 Applications using
BehaviorTree.CPP

EmptyBatter , NavigationError
Y Y MoveToObject g
Y Y
EmptyBattery . . NoObject
ChargeTheBattery[< PickTheObject
A
Y
EmptyBattery ) NavigationError
MoveToDelivery
h 4
EmptyBattery . NoRelaseBox
ReleaseTheObject
h 4
F
Models + &
Filter ] Node Model Editor X-X } Node Model Editor 96 &
'ME:EZZI!‘:; i Type: [Action [+] [checknumbert | Type: [action [-] [Publishresuit |
# CheckNumberl + Wyt + o 1 AN
; E:zit:z::z Direction Default Value Description Port Name Direction Default value Description
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Chapter 8: ROS 2 Navigation Stack: Nav2

BT Navigator Server

mep Controller Planner Behavior Smoother
Server Server

—— | Robot Base

Itf

/sensor_topics

Robot Goal
Waypoints

....... E sensor topics

! sensor_msgs/LaserScan
+ sensor_msgs/PointCloud
sensor_msgs/Range

sensor sources(LIDAR,
Depth camera, Ultrasonic)
and driver nodes

)




Gazebo Sim

.&. Model
Name
Model Canonical Link
Static
+ Pose
Wind Mode
Parent Entity
Source File Path
Model Sdf
Self Collide

Entity Tree
@ default
» /4, ground_plane
> 4, turtlebot3_world

> sun

> 4, turtiebot3_waffle

Entity 4

ground_plane

1
ftmp/nav2_eljeyudc.sdf

1) Displays. 0
~ @ Global Options

Fixed Frame map
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Frame Rate 3
+ @ Global Status: Error
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Feadback: unknown
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Time taken
Recoveries: o
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Num of loops.

&

Gazebo Sim

‘;. Model

Name

Model Canonical Link

Static

+ Pose
Wind Mode
Parent Entity
Saurce File Path
Model Sdf
Self Collide

Entity Tree

@ default

> b, ground plane
> J&, turtiebot3_world

> @ sun

> &, turtiebot3_waffle

Entity 4

ground_plane

1
ftmp/nav2_eljeyudc.sdf

lew.rviz® - RViz

Eile Panels Help
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Fixed Frame map
Background Color e 4848
Frame Rate

* ¥ Global Status: Ok
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» B Controller v
+ [ Realsense
+ %9 MarkerArray 5
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slam_toolbox

A
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Get /map
odomet
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LIDAR transforms
Itf data
/tf

/pose
St ’
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Eile panels Help

Gazebo Sim

#MoveCamera  [select < Focus Camera = Measure

.
8, Model Entity 4

Name
Model Sdf
Source File Path  /tmp/nav2_853mrh81.sdf
Parent Entity 1
Wind Mode

+ Pose
Static
Self Collide
Model Canonical Link

ground_plane

@ default
4 ground_plane
&, turtlebot3_world
\ ¥ sun
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< slamToolboxPlugin %
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| Clear Measurement Queue

Merge Map Tool
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CMakelLists. txt

nav2. launch.py
slam_nav2.launch.py
slam_online_async.launch.py
slam_online_sync.launch.py

package.xml

amcl_params.yaml

nav2_ params.yaml
slam_toolbox async.yaml
slam_toolbox sync.yaml
README . md

L— nav2 default view.rviz

CMakelists. txt

nav2. launch.py

slam_navZ2. launch.py
slam_online_async.launch.py
slam online sync.launch.py

package.xml

amcl_params.yaml
navZ_params.yaml

slam toolbox async.yaml
slam_toolbox sync.yaml
README . md

— nav2 default view.rviz
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Chapter 9: Robot Manipulation Using Movelt 2




Start Screen

Self-Collisions

Virtual Joints

Effectors

End

Passive Joints
052_control URDF Mg
ROS 2 Controllers
Movelt Controllers
Perception

Launch Files

Author Information

tion Files

Config

Movelt Setup Assistant E - |

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

Start Screen

Self-Coll

Virtual Joints

Planning Groups

Robot Poses

End Effectors

Passive Joints

ros2_control URDF M¢

ROS 2 Controllers

Movelt Controllers

Perception

Launch Files

Author Information

Canfiguration Files

Movelt Setup Assistant A _ 0O

Optimize Self-Collision Checking

This searches for pairs of robot links that can safely be disabled from cellision 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 en the kinematic chain. Sampling density
specifies how many random robot positions to check for self collision.

sampling Density: Low 5  High 10000
Min. collisiens for "always"-colliding pairs: |95% |5 | Generate Collision Matrix
LinkA = Link B Disabled ieason to Disabl -
1 |hand leftfinger v Adjacent Links
2 |hand rightfinger v Adjacent Links
3 | leftfinger rightfinger v Collision by ...
4 |linko link1 v Adjacent Links
5 |linko link2 v Neverin ...
6 |linko link3 v Neverin ...
7 |linko linka v Neverin ...
g |link1 link2 v Adjacent Links
9 |link1 link3 v Neverin ...
10 link1 linka v Neverin ...
11 (link2 link3 v Adjacent Links
12 |link2 link4 v Neverin ...
13 (link3 hand v Neverin ...
14 |link3 leftfinger v Neverin ...
15 link3 link4 v Adjacent Links

link name filter show enabled pairs (® linear view matrix view

collision

v visual
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Start Screen
Self-Collisions
Virtual Joints
Planning Groups
Robot Poses
End Effectors
Passive Joints
ros2_control URDF M¢
ROS 2 Controllers
Movelt Controllers
Perception

Launch Files

Author Information

Movelt Setup Assistant

Generate Configuration Files

Create or update the configuration files package needed to run your robot with Movelt. Uncheck files to disable
them from being generated - this is useful if you have made custom changes to them. Files in crange have been

automatically detected as changed.

Configuration Package Save Path

Specify the desired directory for the Movelt configuration package to be generated. Overwriting an existing
configuration package directory is acceptable. Example: /u/robot/ros/panda_moveit_config

Jhomefuser/ros2_ws/srcichll/panda_moveit_config

Check files you want to be generated:

¥ config/panda.srdf
v

setup_assistant

v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v

Browse

SRDF (Semantic Robot
Description Format) is a
representation of semantic
information about robots. This
format is intended to represent
infarmation about the robot
that is not in the URDF file, but
it is useful for a variety of
applications. The intention is to
include information that has a
semantic aspect o it.

Generate Package

Exit Setup Assistant v visual

collision
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Start screen Setup 3D Perception Sensors

Configure your 3D sensors to work with Movelt. Please see Perception Documentation for more details.
Self-Collisions . )
Optionally choose a type of 3D senser plugin to configure:

Virtual Joints Point Cloud .
Point Cloud

Planning Groups -
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Chapter 10: Working with ROS 2 and Perception Stack
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Chapter 11: Aerial Robotics and ROS 2
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Chapter 12: Designing and Programming a DIY Mobile Robot from
Scratch

w Raspberry Pi Imager v1.8.5 - + X

' Raspberry Pi

Raspberry Pi Device Operating System Storage

CHOOSE DEVICE CHOOSE 08 CHOOSE STORAGE

Set username and password

Username: Ubuntu

Password:

Configure wireless LAN
s WildeFi-Jv

N

Password:

[[] show password [ ] Hidden SSID
Wireless LAN country: GB -
[[] setlocale settings

Time zone: Europe/Madrid -

Keyboard layout: US v

7 05 Customisation 05 Customisation - +
GENERAL SERVICES OPTIONS GENERAL SERVICES OPTIONS
[J sethostname: raspberrypi Jocal Enable SSH

@ Use password authentication

O Allow public-key authentication only
Set authorized_keys for 'ubuntu':
ssh-rsa AAAAB3NzaC1yc2EAAAADAQABAAACAQCEVR
+Qq/wosvPCbmwdI8UFUbSzofcixCIvkQT1hFNOEMeUv
WmZIALHISxm+k7i1vZRvs1yns41XTCsosfrdCpwzFNvG
e4Bu3lzKx3bV/RYE7sP+L4rhbE4nevwU/8uSHpMdb+v+
GF8VTrijBrujSitPusGAQiX0w3JAROHVFGBIA/xvsrdGsD2
ayPhAIUG7kNQk7yOn065zWv9+9+6t6uRSemB/IraQwZs
TokB1vXZL/LAVA04Q60KkpmtsEMx3Tb2yQ2HCvmn7/
00f6B64lqCotSZN62fD+MmHOEQ8uy9H+MhTPR4R/m
VSmJcerivHwejeUoAhVOfpyud JPI+5b+pYfdNTNuUjTNjOYO
U9GXhf+CAWD0IQMeMXGkmlwysGHkPZWaENhoUYTH
edSvxHJYHHd+kmSdPsgAko98Fag4XzV2LUyLLxVPSG
S4Hc/HVyBAnsQEAtNKXMSLIb+7yHyfFwGMThnyLoOl
0S5eZz/4+gwaRNUqgg5XLRd/w3lJyQR8+meVgxQXL5bb
L6B0O8sZqDtiyilmBX9pKG4fXpvaGyYvCkNUkUbhmuzU8
Etv4UcTX0FKskoziSczmfQ5v2LUEHUBTDetEmgdgXWy
+81Igk5hezOmvD60R8er3nembVHvrXv7E1pMPG2wyfY
wT0AuxcBJmDSTVVndQvASEZYyjJITsFKw== jonathan
cacace@gmail.com

RUN SSH-KEYGEN
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NAME

01
03
05
07
09
11
13
15
17
19

e 71
23
25
27
29
31

e 33

35
37

3.3v DC Power

GPIO02 (SDAL , 12C) _
GPIOO03 (SCL1 , I2C)
GPIO04 (GPIO_GCLK)
Ground

GPIO17 (GPIOW’GENO)V
GPI027 (GPIO_GEN2)
GPI022 (GPIO_GEN3)
3.3v DC Power

GPIO10 (SPI_MOSI)
GPIO09 (SPI_MISO)
GPIO11 (SPI_CLK)
Ground

ID_SD (I2C ID EEPROM)
GPIOOS

GPIO06

GPIO13

GPIO19

GP1026

—— ] O

Ground

(O]

......@.............

5 NAME Pini#
DC Power 5v 02

DC Power 5v 04

Ground 06

(TXDO0) GPIO14 08
(RXD0) GPIO15 10
(VGPIOiGENl}VGPIOIS 12
Ground 14

(GPIO_GEN4) GP1023 16
(GPIO_GENS) GP1024 18
Ground 20

(GPIO_GEN6) GP1I025 22
(SPI_CEO_N) GPIO08 24
(SPI_CE1_N) GPIO07 26
(I2C ID EEPROM) ID_SC 28
Ground 30

GPIO12 32

Ground 34

GPIO16 36

GPIO20 38

GPIO21 40

SV regulator




Active wheel

Companion
Computer

Passi\!/heel

Motor Controlier
(L289N) - n

Current régulator
9-12V.3> 5V,
D




Chapter 13: Testing, Continuous Integration, and Continuous
Deployment with ROS 2

Create a new repository

A repository contains all project files, including the revision history. Already have a project repository elsewhere?
Import a repository.

Required fields are marked with an asterisk (*).
Owner * Repository name *
‘ jocacace - /
Great repository names are short and memorable. Need inspiration? How about didactic-spork ?

Description (optional)

o) [:_I Public

Anyone on the internet can see this repository. You choose who can commit.

el Private

You choose who can see and commit to this repository.

O

O jocacace / ros2_ci_cd
<> Code () Issues Il Pull requests B Projects [ wiki @ Security |~ Insights 3 Settings

.‘. ros2_ci_cd ' Public

Cancel changes Commit changes...




2 workflow runs Event ~ Status ~ Branch v  Actor ~

Update str_pub.cpp T B now .
ros2-pipeline-test #2: Commit 1491bdb pushed by jocacace @ In progress

Triggered via push now Status Total duration Artifacts

f jocacace pushed -o- 1491bdb Master In progress - -

main.yml

on: push

build 9s

Re-run all jobs

Create status badge
Triggered via push 13 hours ag Status Total duration Artfacts Delete all logs

B jocacace pushed o 1a9ibdb BIster  Success  2md9s -

[0 README [0 README




Chapter 14: Interfacing Large Language Models with ROS 2

Human Robot Interface
(Voice and Text)

Langchain/AutoGen Your ROS Al-Agent

i

Cloud/Local Models:
LLMs, VLMs

Agent

Custom Tools Response(Text/\oice)

ROS 2 Topics,
Service, Action

ROS 2 Topics,
Service, Action

ROS 2 based real robot,sensor/simulation

o Personal

SETTINGS API keys

Asano
ORGANIZATIO

OpenAl may
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Mar 2 25 test Lentin Joseph
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ROS2AlAgent
Node g

Tool Setup

Prompt

/ Config

| Node Init l—-l LLM Init |

\ Subscriber

Setup

— e—

i o

Agent
Creation

Main_teap

Main Loop £

| Main H Node Init l—-l ROS2AlAgent

Processng_ o

Processing
Flow (=]

Tool Function

User Input

ROS Topic /prompt
|

Tool Request

Tool Manager

System Environment

get_ros_d.

| get_domain_id

System Tools

1\

=

|

----""-—-

I~ —Resul

Langchain Framework

Agent Executor

Final Output

ROS2 E&ironment

ROS 2 Node: ROS2AlAgent

ROS Logger

Processed Response

/

OpenAl LLM




[ros2_ai_agent_basic_tools-1] Invoking: “list_topics™ with “{}°

[ros2_ai_agent_basic_tools-1]

[ros2_ai_agent_basic_tools-1]

[ros2_ai_agent_basic_tools-1] Available ROS 2 topics:
ai_agent_basic_tools-1] /parameter_events
ai_agent_basic_tools-1] /prompt

[ros2_ai_agent_basic_tools-1] /rosout

[ros2_ai_agent_basic_tools-1] Here are the available ROS 2 topics:

[rosZ_ai_agent_basic_tools-1] - /parameter_events

[ros2_ai_agent_basic_tools-1] - /prompt

[ros2_ai_agent_basic_tools-1] - /rosout

[ro i_agent_basic_tools-1]

c_tools-1] > Finished chain.
ic_tools-1] [INFO] [17 . g _ail_agent_basic_tools]: Result: Here are the avail

Rurtlel/pose
fturtlel/cmd_vel

furtlesim /ros2_al_agent_turtlesim

Turtlesim _ x T robot@robot-pe: ~fros2_ws
! =] robot@robot WS 76X
|tmp/runtime-robot’
i[turtlesimfnode-l] [INFO] [1742986724.335737071] [turtlesim]: Starting turtl
lesim with node name /turtlesim
[turtlesim_node-1] [INFO] [1742986724.351459503] [turtlesim]: Spawning turtl
e [turtlel] at x=[5.544445], y=[5.544445], theta=[0.000000]
[ros2_ai_agent_turtlesim-2] [INFO] [1742986727.218058976] [ros2_ail_agent_tur
tlesim]: ROS2 AI Agent has been started

R robot@robot-pe: ~/ros2_ws 7T6x7
[Kelole)dCIgel Tl S VAN LYV 0s 2 topic pub --once /prompt std_msgs/msg/String
"{data: 'Move the robot 30 meters forward '}"

Turtlesim robot@robot-pe: ~/ros2_ws

robot@robot-pc:

|[ros2_ai_agent_turtlesim-2]

|[ros2_ai_agent_turtlesim-2] Moved forward 30.0 unitsThe turtle has moved for
\ward 30 units.

[ros2_ai_agent_turtlesim-2]

[ros2_ai_agent_turtlesim-2] > Finished chain.

[ros2_ai_agent_turtlesim-2] [INFO] [1742986941.146813811] [ros2_ai_agent_tur
tlesim]: Result: The turtle has moved forward 30 units.

" robot@robet-pc: ~fros2_ws 76x7

robot@robot-pc:~/ros2_ws$ ros2 topic pub --once /prompt std_msgs/msg/String
"{data: 'Move the robot 30 meters forward '}"

publisher: beginning loop

publishing #1: std_msgs.msg.String(data='Move the robot 30 meters forward ')
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Chapter 15: ROS 2 and Deep Reinforcement Learning
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NVIDIA Isaac Lab
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Learning iteration 80/1000

Computation:

Mean action noise std:
Mean value_function loss:
Mean surrogate loss:

Mean entropy loss:

Mean reward:

Mean episode length:

199459 steps/s (collection: 0.409s, learning 0.084s)

0.95
0.0003
-0.0019
8.2010
-0.34
360.00

Episode_Reward/end_effector_position_tracking: -0.0166
Episode_Reward/end_effector_position_tracking_fine_grained: 0.0385

Episode Reward/end_effector_orientation_tracking: -0.0457

Episode Reward/action_rate:
Episode_Reward/joint_vel:
Metrics/ee_pose/position_error:
Metrics/ee_pose/orientation_error:
Episode_Termination/time_out:

Total timesteps:
Iteration time:
Time elapsed:
ETA:

-0.0016
-0.0028
0.0650
0.2739
12.3333

7962624
0.49s
00:00:42
00:08:04
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Chapter 16: Implementing ROS 2 Visualization and Simulation
Plugins
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~ header std_msgs/Header
» stamp  builtin_interfaces/Time
frame_id string ‘map’

x float 2

y float 2

radius float 0.5

Filter size 10
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