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* [Introduction to ROS
e What is ROS
« Why ROS
* ROS graph

* Developing with ROS
* Workspace
* Packages
* rclepp & rclpy
 Utilities

* Example

* ROS community
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Naive Robot Software - Example 1

()) {
camera, lidar, gps, imu = e ta()
objects = d | ; (camera, lidar)
state = : (state, gps, imu)
map = uj p(map, objects, state)
path = lcula lan(map, state)

command \ ' r (path, state)

(command)
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Naive Robot Software - The problem

* Single process (synchronous)
LeRuEniRe * Single program

camera, lidar, gps, imu = - ()

objects = d ;(camera, lidar) ¢ POOF mOdUlarity

state = : (state, gps, imu)

map = u (map, objects, state) * Develop custom tools for:

path = (map, state)

command = (path, state) i VisualizatiOn
SR e Simulation

* Managing configuration
* Hardware interfaces
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Naive Robot Software - Example 2

Stort L.OOP End

getsensorbata

detectObjects

CoOmEro

followPlan
Controller

objec'ts g

’ enerateMap caleulatePlan
idar — -~

Interface

Actuators

L

mlL

estimateState
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ROS - what is it?

ROS Nodes

Interfoce
defines API

Can use different
midd|eware implemen‘tat?ons

e ROS 2 is a middleware

* Layer between Operating System and Applications
* “Software glue”

* Spring Boot for robotic (kinda)
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ROS graph - Nodes

NODE

Message

Publisher
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ROS graph - Nodes

Topics don’t have to only be point-to-point communication; it
can be one-to-many, many-to-one, or many-to-many.
NODE

Message

Publisher
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ROS graph - Topic and messages

std_msgs Message Documentation

~ ROSNode

ROS Node
_ Publisher

Topic: fexample .
- Message Type: std_msgs/String -t

~ ROSNode
__ Subscriber

autogenerated on Oct 09 2020 00:02:33
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ROS graph - Discovery

* When a node is started,

* Advertises its presence to other nodes on the network with the same ROS
domain.

* Nodes respond with information about themselves
* Establish connections

* Nodes periodically advertise their presence so that connections can

be made with new-found entities, even after the initial discovery
period.

* Nodes advertise to other nodes when they go offline.
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ROS 2 - Package(Python)

EXPLORER

v MY_ROS2_WS [SSH: 192.168.2.4] package.xml - containing meta information about the
v [@® src package

> BB package_1

> W package_2 resource/<package_name>- marker file for the package
v [ package_3

Vv (@@ package_3

@ __init__py setup.cfg - isrequired when a package has
v @ resource executables, so ros2 run can find them
(5 package_3

> Wy test setup.py - containinginstructions for how to install
LICENSE the package

B package.xml

& setup.cfg <package_name>- adirectory with the same name as your
package, used by ROS 2 tools to find your
package, contains __init__.py

e setup.py
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ROS 2 - Workspace

EXPLORER

v MY_ROS2_WS [SSH: 192.168.2.4]
Vv (g src
> B package_1
> B package_2
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ROS 2 - Build with Colcon

* Colcon
« command line tool for building and testing your ROS workspace
* colcon build - build workspace
* colcon test - run tests in workspace

* Useful flags
* --symlink-install - uses ‘symlinks’ instead of copying files (Python only)
* --continue-on-error — Continue other packages when package fails
* --packages-select - Build only specific packages
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ROS 2 - Workspace and Colcon

EXPLORER

v MY_ROS2_WS [SSH: 192.168.2.4]
v @@ src
> Il package_1
> B package_2

Workspace before Colcon build

EXPLORER

v MY_ROS2_WS [SSH: 192.168.2.4]
> @ build
> Il install
> I@ log
Vv (@B src
> B package_1
> B package_2

Workspace after Colcon build
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ROS 2 - Workspace and Colcon

Il TURY
L] - -
r (5
— i
/ -
DR / 0
/.l
[ L]
U
- - ale
. 0 : o
ackag ? B
2 A i
“RF BUILL . packag
| N b e "'?1
! -4 B
=
Workspace before Colc space after Colcon build
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ROS 2 - Sourcing

* Before using ROS 2 in terminal, source your ROS 2 installation.
source /opt/ros/humble/setup.bash

* source your ROS 2 workspace.
source install/setup.bash

i =% THE UNIVERSITY
?ﬁ of EDINBURGH




ROS 2 CLI

*ros2
* launch - Allows running launch files
* nhode - Display information about node
* param - Allow manipulating parameters
* pkg — Create package or get information about package
* run — Allows running executable
* test — Run launch tests
* topic — Display debug information about topic
 witf — Check ROS setup and other potential issues

F’ THE UNIVERSITY
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* ros2 bag - command line tool for
recording/playback data

* Commands
* r0s2 bag record <topic_name>
* ros2 bag info <bag_file_name>
* ros2 bag play <bag_file_name>

i =% THE UNIVERSITY
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ROS 2 Launch

1 from launch import LaunchDescription

) Way to Sta rt muttiple nOdeS at the ;Mom launch_ros.actions import Node

Sa m e ti m e. 11 def generatejaunch_dexritption( )is
5 return LaunchDescription([
6 Node(
package='turtlesim',
namespace="'turtlesiml’,
executable="'turtlesim_node',
name='sim'

* Launch files written in Python, XML, Y
/ Node(
O r YAM L' 13 package='turtlesim',
: namespace="'turtlesim2',
) executable="'turtlesim_node',
name='sim'
)s
8 Node(
i COm mand package='turtlesim',
executable="mimic',
* ros2 launch <package_name> <launch_file> - e e
23 ('/input/pose', '/turtlesiml/turtlel/pose'),

('/output/cmd_vel', '/turtlesim2/turtlel/cmd_vel'),

THE UNIVERSITY
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Example — simple publisher and subscriber
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ROS2 package - RViz

Visualization tool

* Select topics to subscribe to
* Visualizes message contents
* Only specified message types

* Plugins - Add custom features
* Display custom message types

* Config files - Save and share
layouts

......

ra [.iSelect <#»Focus Camera == Measure

/home/alex-webb03/mob/install/socspioneer/share/socspioneer/config/map

~ 2D Pose Estimate /2D Goal Pose @ Publish Point L] =

(© Time
ROS Time: 1728248399.47 ROS Elapsed: 219.10

Reset

wall Time: 1728248399.50 wall Elapsed: 219.10

oy THE UNIVERSITY
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ROS2 package - rqt_graph

rqt_graph__RosGraph - rqt

“*Node Graph D® -0
@ | Nodes/Topics (all) v I/ / SIEEL

Group: 4 |- Namespaces v Actions v tf v Images v Highlight v Fit [0

Hide:  Dead sinks Leaf topics v Debug Vv tf Unreachable v Params

Murtlel

* Useful for visualizing ROS graph e > ] v
K

-

Murtiel/color_sensor

A

Mturtiel/pose

* Run with
ros2 run rgt_graph rqt_graph

fturtiesim furtle2

Rurtie2/pose

Murtie2/cmd_vel
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ROS2 package - Nav2

Mobile robot navigation tool

Map Server reads a map from a file and
publishes it

Lifecycle Manager orders nodes

More at: https://docs.nav2.org/
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https://docs.nav2.org/

ROS2 package

- Stage

File View Run Help

19m 23s 000msec [1.0]

7
-6
35
“ ‘W
¢ Yoo
M m“ p

{. robot [-5.93 -5.00 0.00 126.05]

M) A

L4

OO oo

Basic 2D simulator

Load custom maps

Control robot around

Publish laser scanner
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ROS community

* Core ROS is maintained by Open
Robotics

* Packages by open-source
community

e ROS index

e ROSCon
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