ROS2: Node, Topic, Service

= IJA|A e A
POl (Inkyu An)

&

MAIR Lab




How to Operate Robots

* The main PC is connected to the robot and various sensors, m
ainly via USB

* It receives and processes data from multiple sensors through
ROS on the main PC, and controls the robot accordingly.

Main PC (e.g., Desktop, Laptop, Em

bedded PC, ..)

Robot (Rainbow Robotics) Microphone



How to Operate Robots

« How do the PC obtain data from sensors?
* How do the PC control the robot?
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How to Operate Robots

Node, Topic,
Service

« How do the PC obtain data from sensors? l
* How do the PC control the robot?
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How to Operate Robots
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Node — TurtleSim

TurtleSim
$ ros2 pkg executables turtlesim

turtlesim draw_square
turtlesim mimic

turtlesim turtle_teleop_key
turtlesim turtlesim_node

* ros2 pkg executables <package O|&>
- E£7 package <package O|&>2| A& 7}
st LEO 5E= EOF

« ros2 pkg —h




Nodes, Topic, Services

turtlesim/
—— CMakelists.txt # CMake 2E 474 )
—— package.xml # If 7| X| HIEtHO|E (package O|&, H T, @3, dependency(CHE packagell) &)
—— include/turtlesim/ # 6|04 It (C++)
F—— src/
| F—— turtle.cpp

| F—— turtle_frame.cpp
| L—— turtlesim.cpp

—— launch/ # ©X| ot
| L—— Multisim.launch.py

—— msg/ # HA|X] EFR 2 T . 2 E3
urtlesim’ package o
| F—— Color.msg P ge= E :

| Pose.msg Nodes, Topic, Services
—— srv/ # AMH[A~ Er R FO

|  F——Killsrv

| b—— SetPen.srv

I

—— tutorials/

| F—— draw_square.cpp

|  F—— mimic.cpp

| |—— teleop_turtle_key.cpp




Nodes, Topic, Services

turtlesim/
—— CMakelists.txt

——— package.xml
—— include/turtlesim/

Hl = A—II—I

# CMake 2= 28 <.
# I 7| K| D1|EfHI0|E1
# 5| I (C++)

~
~~o
~~
~~
~
~~
~~
~
~~
~~
~

C++

—src/
| F—turtlecpp 0y T A7
| ——tu rtIe_frame.cpp\JL ------------
|  L—— turtlesim.cpp
—— launch/ # 2K o ‘
| —— Multisim.launch.py
—— msg/ # M A|X| EFS A O|
|  —— Colormsg
| |—— Pose.msg
——srv/ # MH| A EHRF ROl
|  ———Kill.srv
|  —— SetPen.srv
I e l?
— tutorlals/
|  —— draw_square.cpp ~
—— mimic.cpp g

| ey
| |F—— teleop_turtle keycpp

CC
_I_|_

> CMakelList.txt I 0f| M

n 2 &l nodeZt Fo| & =
=28 TE= Jo| T|0{of g,

Python

‘Turtlesim’ package&

=
o
Nodes, Topic, ServicesE &



<CMakelist.txt>

a5
45
a7
48
49

63

72

81

add_sxecutable(turtlesim_node

src/fturtlesim.cpp
srofturtle.cpp
srcfturtle_frame.cpp
${turtlesim_node_MOCS}

add_swxecutable(turtle_teleop_key tutorials/teleop_turtle_key.cpp)

Turtlesim_node

add_executable{draw_square tutorials/draw_sguare.cpp)

add_executable{mimic tutorials/mimic.cpp)

mimic

Turtlesim_node

draw_square
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* The command ‘ros2 run’ launches an executable from a package
* r0s2 run <package_name> <executable_name>
* e.qg. ros2 run turtlesim turtlesim_node

* 'ros2 node list’ will show you the names of all running nodes
« ros2 node list

* Open another new terminal and start the teleop node with the ¢
ommands:

« ros2 run turtlesim turtle_teleop_key
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Nodes - Remapping

« 'Remmaping’ allows you to reassign default node properties, like
node name, topic names, service names, etc., to custom values

e Let's reassign the name of our '/turtlesim’ node
« rosZ2 run turtlesim turtlesim_node --ros_args --remap __node.=my _turtle
e ros2 node list
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Nodes - Information

* Now that you know the names
of your names, you can access
more information about them
with:

e ros2 node info <node name>
« E.q., ros2 node info /my _turtle

% ros2 node info /my_turtle
Smy_turtle

Subscribers:
fparameter_events: rcl_interfaces/msg/ParameterEvent
fturtlel/cmd_wvel: geometry_msgs/msg/Twist

Publishers:
fparameter_events: rcl_interfaces/msg/ParameterEvent
frosout: rcl_interfaces/msg/Log
Sturtlel/color_sensor: turtlesim/msg/Color
fturtlel/pose: turtlesim/msg/Pose

Service Servers:
felear: std_srvs/srv/Empty
Skill: turtlesim/srv/Kill
fmy_turtle/describe_parameters: rcl_interfaces/srv/DescribeParameters
fmy_turtle/get_parameter_types: rcl_interfaces/srv/GetParameterTypes
Smy_turtle/get_parameters: rcl_interfaces/srv/GetParameters
fmy_turtle/list_parameters: rcl_interfaces/srv/ListParameters
Smy_turtle/set_parameters: rcl_interfaces/srv/setParameters
Smy_turtle/=zet_parameters_atomically: rcl_interfaces/srv/SetParametersitomically
freset: std_srvs/srv/Empty
fspawn: turtlesim/srv/Spawn
fturtlel/set_pen: turtlesim/srv/SetPen
Sturtlel/teleport_absolute: turtlesim/srv/TeleportAbsolute
fturtlel/teleport_relative: turtlesim/srv/TeleportRelative

Service Clients:

Action Servers:

fturtlel/rotate_absolute: turtlesim/action/RotateAbsolute
Action Clients:
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How to communicate between nodes

They can be controlled

using ‘Keyboard inputs'.

!

How can | send ‘Keyboard inputs’
to both nodes?
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« ROS2 breaks complex systems down input many modular nodes

* Topics are a vital element of the ROS graph that act as a bus for
nodes to exchange messages

« A node may publish data to any number of topic and simultaneo
usly have subscriptions to any number of topics

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

* Open a new terminal and run:
* ros2 run turtlesim turtlesim_node

* Open another terminal and run:
* ros2 run turtlesim turtle_teleop_key

« We will use|'rgt_graph’|to visualize the changing nodes and topics

|

'rqt_graph'= RQT (ROS Qt) Zef| %3 7|8te| E2{1Q & StLtE, ROS2 1
= FEZS GUI AR 2 Sl S

= T N\l:l
Z, Node=0| Topic, Service, Action 2 Sl HIA|X|E Lo FSASH=0|,
O|E OeloZ RIS =
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Topics — Turtlesim

 To run ‘grt_graph’, open a new terminal and enter the command:
« ros2 run grt_graph rgt_graph

fturtlel/rotate absolute/ action/feedback

fturtlel/rotate_absolute/_action/status
fturtlel/cmd_vel

[turtlesim

/teleop_turD
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Topics — Turtlesim

* Running the ‘ros2 topic list' command in a new terminal will retur
n a list of all the topics currently active in the system:
° rOSZ tO/D/.C //St % ros2 topic list

Jfparameter_events
Jrosout
Jturtlel/cmd_wvel
Jturtlel/color_sensor
Jturtlel/pose

 ros2 topic list —t will return the same list of topics, this time with the
topic type appended in brackets:

% ros? topic list -t

Jfparameter_events [rcl_interfaces/msg/ParameterEvent)
Jrosout [rcl_interfaces/msg/Log]

Jturtlel/cmd_vel [geometry_msgs/msg/Twist]
Jturtlel/color_sensor [turtlesim/msg/Color)
Jturtlel/pose [turtlesim/msg/Pose]
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Topics — Turtlesim

* To see the data being published on a topic, use:
« r0s2 topic echo <topic_name>
« £.g., ros2 topic echo /turtlel/cmd_vel > Who published this topic?

linear:
X: 2.8
y: 9.8
Z: 9.8

angular:
X: 9.8
y: 9.8
Z: 9.8
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Topics — Turtlesim

* Topics don't have to only be one-to-one communication; they ca
n be one-to-many, many-to-one, or many-to-many.

« Another way to look at this is running
 ros2 topic info /turtlel/cmd_vel

% ros2 topic info /turtlel/cmd_vel
Type: geometry _msgs/msg/Twist
Publisher count: 1

Subscription count: 2 > Who subscribed this topic?
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Topics — Turtlesim

* Nodes send data over topics using message
- Publishers and subscribers must send and receive the same ty
pe of message to communicate

* The topic types we saw earlier after running ‘ros2 topic list —t' let
us know what message type is used on each topic

* Recall that the ‘emd_vel’ topic has the type:
 ros2 topic info /turtlel/cmd_vel

% ros2 topic info /turtlel/cmd_vel

Type:| geometry_msgs/msg/Twist > ‘Geometry_msgs/msg/Twist’

bR L - This means that in the package ‘geometry_msgs’
subseraption counts 2 there is a msg called Twist

21



Topics — Turtlesim

* Now we can run 'ros2 interface show <msg_type>"' on this type t
o learn its details
« r0s2 interface show geometry msqgs/msq/Twist

# This expresses welocity inm free space broken into its linear and angular parts.
Vector3? linear
floatsd x

floated y
floated =z
Vectord angular
floated »
floated v
floated =z

« '/turtlesim’ node is expecting a message with two vectors, ‘linear’ and ‘an
gular’, of three elements each

linear:

y: 8.8
Z: 8.8
» anpular:
X: 8.8
y: 8.8
Z: 8.8
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Topics — Turtlesim

* Now that you have the message structure, you can publish data
to a topic directly from the command line using:
« 1052 topic pub <topic_ name> <msqg_type> ‘<args>’

- The '<args>' argment is the actual data you'll pass to the topic

« Make the robot turn right!
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Topics — Turtlesim

« r0s2 topic pub <topic_name> <msqg_type> ‘<args>’
« The '<args>" argment is the actual data you'll pass to the topic

* It is important to note that this argument needs to be input in YAML sy
ntax

linear:
x: 2.0
y: 0.0
z: 0.0
angular: ‘ {linear: {x: 2.0, y: 0.0, z: 0.0}, angular: {x: 0.0, y: 0.0, z: 1.8}}
x: 0.0
y: 0.0
z: 1.8

* With no command-line options, ‘ros2 topic pub’ publishes the comman
d in a steady stream at 1 Hz
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Topics — Turtlesim

I

« With no command-line options, ‘ros2 toplc pub’ publishes the c

ommand in a steady stream at 1 Hz > 2+ SHHEE publish St
AlOH?

IT— L— .
« r0s2 topic pub --once -w 2 sturtlel/cmd_vel geometry msgs/msqg/Twist
“thnear: {x. 2.0, y: 0.0, z: 0.0}, angular: {x. 0.0, y: 0.0, z. 1.8}"

 --once: an optional argument meaning “publish one message then exit".

« -w 2: an optional argument meaning “wait for two matching subscriptio
ns".
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Topics — Turtlesim

e ros2 topic hz
 you can also view the rate at which data is published using:
* ros2 topic hz /turtlel/pose > What happened? Check ‘rqt_graph’

* ros2 topic bw
« The bandwidth used by a topic can be viewed using:
 rosZ2 topic bw /turtlel/pose

% ros? topic bw /turtlel/pose
Subscribed to [/turtlel/pose]
1.51 KBSs from 62 messages
Message size mean: ©.82 KB min: ©.82 KB max: @.82 KB
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Topics — Turtlesim

* ros2 topic find
- To find a list of available topics of a given type use:
« r0s2 topic find <topic_type>

* Recall that the ‘emd_vel’ topic has the type: zeometry_msgs/msg/Tuist

« E.q., ros2 topic find geometry msgs/msqg/Twist
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Service

« Services are another method of communication for nodes in the ROS
graph

» Services are based on a call-and-response model versus the publisher
-subscriber model of topics

- While topics allow nodes to subscribe to data streams and get contin
ual updates, services only provide data when they are specitically call
ed by a client




Service — Turtlesim

* Open a new terminal and run:
* ros2 run turtlesim turtlesim_node

* Open another terminal and run:
* ros2 run turtlesim turtle_teleop_key

« Run the ‘ros?2 service list' command in a new
terminal

% ros? service list

fclear

fkill

freset

/s pawn
Jteleop_turtle/dezcribe_parameters
Jteleop_turtle/get_parameter_types
fteleop_turtle/get_parameters
fteleop_turtle/list_parameters
fteleop_turtle/set_parameters
Jteleop_turtle/set_parameters_atomically
JSturtlel/set_pen
Jturtlel/teleport_absolute
fturtlel/teleport_relative
Jturtleszim/describe_parameters
Jturtlesimfget_parameter_types
Jturtlesim/get_parameters
fturtlesim/list_parameters
fturtleszim/set_parameters
fturtlesim/set_parameters_atomically
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Service — Turtlesim

* Services have types that describe how the request and resp
onse data of a service is structured.

* Service types are defined similarly to topic types, except ser
vice types have two parts: one message for the request and
another for the response.

* ros2 service type <service_name>
e Let's take a look at turtlesim’s ‘/clear’ service

° /‘052 SE’fV/.CE’ U/pe /C/eaf % ros2 service type fclear
std_srvs/srv/Empty

« The 'Empty’ type means the services call sends no data when maki
ng a request and receives no data when receiving a response
(=, 1|0(?E1% FOHX| QF0 T3] ‘Trigger (S A (D) A
OF ot M= [Iff AME)
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Service — Turtlesim

* To see the types of all the active services at the same time,
you can append the '--show-type’ option, abbreviated as -t
to the 'list" command

« rosZ2 service list -t

% ros2? service list -t
fclear [std_srvs/srv/Emptiy]
fkill [turtlesim/srv/Kill]
freset [std _srvs/srv/Empiy]
fspawn [turtlesim/srv/Spawn]

fturtlel/set_pen [turtlesim/srv/SetPen]

fturtlel/teleport_absolute [turtlesim/srv/Teleportébsolute]
fturtlel/teleport_relative [turtlesim/srv/TeleportRelative]
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Service — Turtlesim

e If you want to find all the services of a specific type, you can
use the command:

« r0s2 service find <type name>

. . % ros2 service find std_srvs/srv/Empty
* E.g., ros2 service find std_srvs/srv/Empty raear

Jreset

 You need to know the structure of the input arguments
« r0s2 interface show <type name>

 E.g., rosZ2 interface show std_srvs/srv/Empty s resz interface shou std_srus/sru/empty

The --- separates the request structure (above) from the response structure (below). But, as you learned
earlier, the Empty type doesn't send or receive any data. So, naturally, its structure is blank.
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Service — Turtlesim

 You need to know the structure of the input arguments
* ros2 interface show <type_name>
« E.q., ros2 interface show turtlesim/srv/Spawn

% ros2 interface show turtlesim/srv/Spawn
float32 x

float32 y The request structure (above)
float3d2 theta

string name # Optional. A unigue name will be created and returned if this is empty

ST [EE The response structure (below)

- Request (27%)
- x e H=0[9 x zt&
-y dd" A=0|9ly ZtH
o theta: T HE0|9| &ISHEIC|OH EHR|, 0= 2
« name: M| A=0[2| O|F(Hl ZXAEO|H X5 L2 £ turtle2, turtle3 .. 422 A& E)

- Response (8%
+ name: ‘d-dEl ASF0[2| O|F
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Service — Turtlesim

* Now that you know what a service type is, how to find a
service's type, and how to find the structure of that type’s
arguments, you can call a service using:

« ros2 service call <service_name> <service_type> <arguments>

* £E.q., ros2 service call /clear std_srvs/srv/Empty

« £.q., ros2 service call /spawn turtlesim/srv/Spawn "{x: 2, y: 2, theta: 0.2,
name.: '}"
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Service — Turtlesim

« HW1: How can we control the new turtle?

« MZ2 turtleO| 1 XE|OAM A HoHM &= 2|
=207 ot7| f{siM= oA SifOF =7t
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