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Activities [ Terminal ~ Sun 05:01
ros2jsguy@roszjsdev-vm: ~/dev/ros2-js-examples eo0 ros2jsguy@ros2jsdev-vm: ~/dev/ros2-js-examples om0

File Edit View Search Terminal Help File Edit View Search Terminal Help

ros2jsguy@ros2jsdev-vm:~/dev/ros2-js-examples$ node dist/examplel/node-publisher.js ros2jsguy@ros2jsdev-vm:~/dev/ros2-js-examples$ node dist/example2/node-subscriber.
publishing hello world at Sun Jun 14 2020 21 GMT-0560 (Central Daylight Time) js

publishing hello world at Sun Jun 2020 GMT-0500 (Central Daylight Time) = node-subscriber waiting for messages

publishing hello world at Sun Jun 2020 GMT-0500 (Central Daylight Time) msg: hello world at Sun Jun 14 2026 05:01:24 GMT-0500 (Central Daylight Time)

L)
&
i publishing hello world at Sun Jun 2020 GMT-0500 (Central Daylight Time) msg: hello world at Sun Jun 14 2020 05:01:25 GMT-0500 (Central Daylight Time)
)
@
. .

publishing hello world at Sun Jun 2020 GMT-0500 (Central Daylight Time) msg: hello world at Sun Jun 14 2020 05:01:26 GMT-0500 (Central Daylight Time)
publishing hello world at Sun Jun 2020 GMT-0500 (Central Daylight Time) msg: hello world at Sun Jun 14 2020 05:01:27 GMT-0500 (Central Daylight Time)
publishing hello world at Sun Jun 2020 GMT-0500 (Central Daylight Time) msg: hello world at Sun Jun 14 2020 05:01:28 GMT-0500 (Central Daylight Time)
Elub'l.ish'mg hello world at Sun Jun 2020 GMT-0500 (Central Daylight Time) [

Publisher Subscriber
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ROS2 CLI At

= ROS2 CLI BHO
®

ros2 [verbs] [sub-verbs] [options] [arguments]

verbs: SAS X|H6tH, falie 2HO| A2 LIEH. run, topic, serviceg0| =2 &= S
sub-verbs: £ S0 tist MF S&H(sub-verb)2 X4 Verbs?} topic@! B2 pub, echo, list S0| =
options: FE0{2| M3l HAS HH5t= F7t OI2t0|E|. —h, -—node—-name, ——qos S0| & &+ US

arguments: Adg I HRot QI=5 X|Fet. £ LE9| 0|E0|Lt ETO| 0|F, MH|A 0|8 S0| & = U3
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= ROS2 CLI 30

-h SM& 0|25}H verbs, sub—-verbs, optionS0i| Lot T XtA[9]

user@user:~$ ros2 -h
usage: ros2 [-h] [--use-python-default-buffering] Call ‘ros2 <command> -h' for more detailed usage.

ros2 is an extensible command-line tool for ROS 2.

options:

-h, --help

show this help message and exit

--use-python-default-buffering

Commands :
action
bag
component
control
daemon
doctor
interface
launch
lifecycle
multicast
node
param
pkg
run
security
service
topic
wtf

Do not force line buffering in stdout and instead use the python default
buffering, which might be affected by PYTHONUNBUFFERED/-u and depends on
whatever stdout is interactive or not

Various action related sub-commands
Various rosbag related sub-commands
Various component related sub-commands
Various control related sub-commands
Various daemon related sub-commands
Check ROS setup and other potential issues
Show information about ROS interfaces
Run a launch file

Various lifecycle related sub-commands
Various multicast related sub-commands
Various node related sub-commands
Various param related sub-commands
Various package related sub-commands
Run a package specific executable
Various security related sub-commands
Various service related sub-commands
Various topic related sub-commands

Use ‘wtf' as alias to ‘doctor’

Call ‘“ros2 <command> -h" for more detailed usage.
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ROS2 CLI &2 H=HO0

= ROS2 CLI + arguments

ros2cli + [verbs]

[arguments]

SHI|XO S e A

(O7f ~ =712 =E)

ros2 run {package) {executable) (1742] LE)
* executablelf M2t =+ LEX M3l b5
£ 7| X[
ros2 launch {package) {launch-file> E4 x| oY A
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= ROS2 CLI + arguments Gi|A]
ROS20{A turtlesim AlZ2|0|EE AHliot= 7|2 HHO

$ ros2 run turtlesim turtlesim_node

ROS22| demo_nodes_cpp IH7|X|HIM talker_listener.launch.py LS AldH

$ ros2 launch demo_nodes cpp talker_ listener.launch.py
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ROS2 CLI FE B0

ros2cli + [verbs] [sub—verbs] 715
create MZ2 ROS2 Ii7|X| ‘44
executables A8 7|X|Q] Al It =5 &
ros2 pkg list A 7tse N7 (K| S5 £
prefix XE 7 |X|1Q] ME 21X £
xml K™ m7|X|9| IH7|X] Y& MA(xml) =

infO Jé'c;g:l;l (o] il: X'I 6I_ e | I"E =<E_:1

£y
ROS2 CLI QE I:C":leéo-l fos2 node list A FZODE LEo| 55 &5
£

= ROS2 CLI + sub-verbs bw oG

delay X% ELO| X|QA|IZH &

echo A8 ETO Mol &9

find XY EfUE M8tz ET 0|15 &8
ros2 topic hz X|& ELO| x=7| &K

info AN ETo| M =&

list AP 7hstt BT 22 £

pub XY ELo| B

type XX EWo| ET EfQl =3
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= ROS2 CLI + sub—verbs

ros2cli + [verbs]

[sub—verbs]

ros2 service

ros2 action

ros2 interface

call

find

list

type

info

list
send_goal
list
package
packages
proto

show

K& AH|AQ| MH|A QX

A8 MH|A Ete| MH[A &3
2

ALE 7ts3t MHIA 22 =

XI5 MHIA| EfY) 52

XI% Mol i £

AR 7tset oM 22 5

RI% Mol 4N =5 T

A8 753t 2E QIE{Ho|A 22 £
S 7 |X0IM AHE 7H5t QIE(T0|A 2

QIE|HO|A I{7|X|S2| =5 &4
X8 7K T2 EEIY &=

XE QIHH|0[AS] H|O|H

S
S

= £
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= ROS2 CLI &=

ros2 run image_tools cam2image s2 topic list
s2 topic info /image
interface show sensor _msgs/msg/Image

ros2 run image_tools cam2image ---ros-args -r image:=/camera/image_raw

topic list
topic info /camera/image_raw
topic bw /camera/image raw




ROS2 CLI
ROS2 CLI FE B0

= ROS2 CLI + sub-verbs

ros2cli + [verbs] [sub-verbs]
delete X M2t0|E| AR
describe XM or2toj e ME &3
dump NP = RS,
ros2 param

get X M0l 97|
list A8 7H5t IEH|E 22 53
set X m2to|Ef M7
info XZE = rosbag HE &3

ros2 bag play rosbag 7|2
record rosbag XA
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ROS2 CLI k! HHOf

LI ‘SE 0

= ROS2 CLI + sub—-verbs 0jjA|

turtlesim IN7|X[Of| A AldlH 7SSt BE LE 2l AlaH MUES LY

$ ros2 pkg executables turtlesim

/turtlesim 'I=E0)| CHet MEE HAlG E9| 0|F, #¥E ET, MH|A & Oi2t0|E HE &0l Jhs
(turtlesim A|Z2{|0[E{7} HAZ0[0{0F &)

$ ros2 node info /turtlesim




ROS2 CLI
ROS2 CLI 7[5 E= HEO

ROS2 CLI 7|5 2= FE0

= ROS2 CLI + verbs + sub-verbs

ros2cli + [verbs] [sub—verbs] (options)
. . (-a) ros2cli9| extension 22 £
82 GETEINE (-v) (ros2cli/fLUBO 2 AR, LEHH AL X)
2 . int (-a) ros2cliQ| extension point & &5
start daemon A|Ef
ros2 daemon status daemon A} 27|
stop daemon HX|
. i A
ros2 multicast receive multicast
send multicast &




ROS2 CLI

ROS2 CLI V|5 &2 B2

= ROS2 CLI + verbs + sub—verbs

ros2cli + [verbs] [sub—verbs] (options) 7ls

hello

(=r) ROS €3 & HERZ, IH7[X| H{H, rmw O|=8I0] St &2
ros2 doctor (-rf) AT SHE Solsts £

(=iw)

P_erl)lo doctorl} =Let
ros2 wtf (=rf) (ros2 doctor?| alias)

(=iw) (WTF: Where's The Fire)

get 2l0|ZAO|E HE &9

list A8 B9 A8 Tttt oEf 0| =5 &3
ros2 lifecycle

nodes 2tO|ZAO|Z S AM8ol=s =& 58 &9

set CtO|ZAO|Z B M2t E2|A
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ROS2 CLI 7[5 E= HEO

= ROS2 CLI + verbs + sub—verbs

ros2cli + [verbs]

ros2 component

ros2 security

[sub—-verbs]

list A3l SO ZH 0|44 HAEHE =58 &3
load X8 70| =Eo| EH HEHE AH
standalone H&E ZHO|H LE2 §F ZEHE A
types AME Jtstt HEHESO 258 &9
unload X8 dEHEQ| Hd SX|

create_key HOt7| 4

create_keystore

create_permission

generate_artifacts

20t M5 IS 02510 HOt7| U B 517} I A4

generate_policy

HT

O &4 T (policy.xml) 44

list_keys
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ROS2 CLI 75 22 HHEO

ROS2 CLI 7|5 EZ HHO

= ROS2 CLI + verbs + sub—-verbs 0j|A|
= ROS20|AM AI2E £ QU= BE extensions= LIEEt
% ros?2 extensions -z
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ROS2 CLI &&

ros2 run

» run2 EH™ IY7|X|2] EX LEE Ml5H= HA0

w
>.

turtlesim I{7|X|2| turtle_sim nodeE Al

= Aldl

turtlesim I47|X|€| turtle_teleop_key=
run turtlesim turtle teleop key

% rosz
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ROS2 CLI &&

ros2 launch

* launchs % I7|X|o] S 21%| UG MasHs 0|, 24 M| LT A0|LL E CHE T§7|X|Q| CE B
oS =2t A Jis
= turtlesim I{7|X|2] turtle_sim nodeE A3H

¢ ros2 run turtlesim turtlesim node

= ROS20{M demo_nodes_cpp IH7|X|0f| Z&tEl talker_listener.launch.py IS &6t0 F M2 LES SAI0] A%}
q
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ros2 pkg

* pkg= X8 W7IX|2 SEE AL H7IXIE Ydol= Ol ArEEl= B0

- OO

ament python 2E HE{9| rclpy, std_msgs HH9II|01| OI’._”SS 7HE my ros_pkg M7 |X|E MM
¢ ros2 pkg create my ros_pkg --k

s rclpy std msgs

turtlesim I§7|X|0f] IL&t=l AlsH Ml 228 $19|

= 1= |

¢ ros2 pkg executables turtlEth

X[ I7|X| & =Q10] 2 2det W7 |X| S AME 7tset = I7[X(9] =55 22l
¢ ros2 pkg list

turtlesim I§7|X|2Q] X% 2X|E =10l
¢ ros2 pkg prefix turtlesim

turtlesim I§7|X|Q] I{7|X| HE I (package.xml)S &0l

—

¢ ros2 pkg xml turtlesim
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ros2 node

* nodec LLEO| MH

= [turtlesim LE°| AHH

u[n
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ROS2 CLI &&

= topic2 ETQ| 1, H{AF, X|H A7 CIE{H|O|A HEi S| HHE H/LI EHE E
Y s4ol= O AFEEl= HEO]

/turtle1/cmd_vel ETC| AZEZ 240l

¢ ros2 topic bw /turtlel/cmd vel

[turtle1l/cmd_vel ETIO| H|0|E{E &0l

= /i -

¢ ros2 topic echo fturtlel/cmd vel

¢ ros2 topic find geometry msgs/msg/Twist

= OH7t Ao Z SZtol7| foiMe turtlesim_node®t turtle_teleop_key=E7F MIHE|0 QO{0F &t
= Ol OIRAL CX| U2 AR

2 turtle_teleop_keyE 0|Z3H turtle2 0|S
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/turtle1/cmd_vel ETO| QIEI{|0]A HE{, ETO| HE|A| 2 MEAFZ0|E HES 20

¢ ros?2 topic info /turtlel/cmd vel

il 7R 2HE0M S5 S 2= 550 BN 0|5

¢ ros2 topic Llist

fjo
foi
©

AXH JHH 2 AN A SESQ BE L E=9| OIE 0| A HHEH} el ETl 0|52 =10

¢ ros2 topic list -t

[turtle1/cmd_vel ETS I{S2|A|SICtH HAEZOZ T2 A2

% ros2 topic pub --once /fturtlel/cmd vel geometry msgs/msg/Twist "{linear: {x: 2.8, y: 0.0, z: 0.0}, angular: {x: 0.0, y: 8.0, z: 2.0}}"

/turtle1/cmd_vel ETO| QIE{H|O|A SHEHS SI0I

¢ ros2 topic type /turtlel/cmd vel

M7t dMXHOE FSEGH | flofAM = turtlesim_nodelt turtle_teleop_key:=E7t AHE|0{ 00} &t
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ros2 service

" servicec AH|A2| BHE HAL 2F MH|A 2FS HAES = + A= 80
7

turtlesim/srv/SetPen QIE{I|0|A HEHE ALS LTl U= /turtlel/set_pen MHIAZE EX S QF ZCE =

255, width: 18}"

oIl HE 2E0M S5 S EE =59 IHI0[A HEfRL &7H MH|A 0| S 22!

¢ ros? service list -t

/clear AMH|A 2| QIE{THO|A HEHE StOl

% ros2 service type /clear
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ROS2 CLI &&

ros2 action

= action= WM YHZ AL 2H N4 =5 HIS HAEH = + U= TZO

[ N

turtle1/rotate_absolute M E AI25H= UM MH 2 S210|YE LE 0|2 2l /L2 &9]

$ ros2 action 1 st

SN JHLSHANM SE FQ1 R E =59 QIEH0|A HEfQ MM 0|52 &0l

¢ ros?2 action list -t

turtlesim/action/RotateAbsolute QIEJHO|A HENE AIRSH= /turtle1/rotate_absolute M0 EX 702
OHM ZEHE M

¢ ros2 action send goal /turtlel/rotate absolute turtlesim/action/RotateAbsolute
"Itheta: 1.5708}"
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= interface= EL/MH|A/AM0N AESH= CIEH|0|AL| HE U= O AHZEl= BHO

SAXH i et42| B = msg, srv, action CIE{I|0[A S 20l
¢ ros2 interface list

XI’gst turtlesim 7| X|0f| Z&HE QIEHO|ASS &0l
¢ ros2 interface package turtlesim

Msg, srv, action CIE{HO[AE ©11 Q= If7[X|Q S &2 &0l
$ ros2 interface package

X| ™5t geometry_msgs/msg/Twist QIE{HO|A Q| 7|2 SHEHZ &9l
$ ros2 interface proto geometry _msgs/msg/Twist

X|get 2 HiAIX|S] QIEH[0|A S HIAIX] 0|F= =il

—

$ ros2 interface show geometry msgs/msg/Twist
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ros2 param

" peram I/240IE{el B HPISKD U2ADIE(S HHSHAL S

AME 7%3._ 2= O2t0|E =
yaram List

/turtlesim '=E9| background_r I2t0|E{Q] ZS 210 =2
¢ ros2 param get /turtlesim background r

[turtlesim '==29| background_r L{2}0|E|E 2500|2t= 4= AH
¢ ros2 param set /turtlesim background r 250
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ROS2 CLI &&

ros2 param
SEH, I*/ilﬁﬁ% ZH=X| 20l
25 dCK
il 7hs 3t mEto|Ef7} gt

IptOlE 7t O e, =X °|E1111I0|*
S= o I0EE M| (3= A
OlF2= M0| Y&

[turtlesim =E°| PARAMETER 10|2t= 0|5
¢ ros2 param delete /turtlesim {PARAMTER 1}
Ex 0|2

= AIgotX| 8 XJget L=

yaml 'D:IEHE I-lo = O

ST 2040 /turtlesim=E9| It2}0|E{E
¢ ros2 param dump /turtlesim
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+ bag2 ELS MUGHALL WS 1) ASHs B0
ot ETE ‘my_turtle’0|2t= 0|22 2 XE

¢ ros2 bag record -o my turtle Jturtlel/cmd vel

H= EOS NPotdl 4 -a" 54 AME

¢ ros2 bag record -o my topic -a

‘my_turtle’0|2}= rosbag O} °| MEHE =0l

|

S ros2 bag info my turtle

Xl@@ rOSbag H—l'OEI% IHACISI . e tjil:'rr'\r?\ui‘r:n‘.—_'\/;T..‘,:n,vw-inf\:'ﬂr‘ -

S ros2 bag play my_turtle
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ROS2 CLI &5

i
i

X CLI ZHHE0| &

r
>

ros2 extensions

» extensions O = ros2cli 7HUEO 2 AI2E|= HIORE, ROS2 CLIO| 718t & Y= stxK(extensions)
=252 HOF1 2d|ol= gt

|| =

= AKX MX|=l extensionl| 7IHol SES HA|

E|X| 2= extensionT HEA|

Hu
In
=2
nx
i=!
.3 ;gg
N
-
ol
rlol
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ros2 extension_points

= extension_points HAO = ros2cli WO R AIEE|=

= ST A2 7158t extension points 222 HA|

extension_points

HAOZ, extension points(2H% 7}

OW
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0s2 daemon

= Daemon2 ROS2 =41529| = A
= ROS2 Daemon E2MAE LE

b

OII

Qo EQUE E2 F2 MR C0fAM ME|l= T2 ]20|L TZMAS T

He
=
== Hdoldl HEs5l=s deds 3H31, So| bisdt 22 0= Aol = UAS

Daemon= A|%f

¢ ros2 daemon start

Daemon &EHE 29I
¢ ros2 daemon status

)
Daemon— I-le OX S ros2 daemon status

¢ ros2 daemon stop

=3
:~$ ros2 topic list

:~$ ros2 daemon status

A|ZHS THEA|F | A|A

» EAN | MHIA HIE 59 H&t . ‘;I

OI_I_ o

l.
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ros2 multicast

= multicast= ROS2 DDS HIAEEOE L}

rto

SHO|Z Multicast &/ HAEN AEE|= A0
K| T2 18

= HY UDP ZE| FJHAE I§Zl sS4 (MZ2 E0jE2 0 &4 Al 7| HO|Z0|A &4 Ti7| S HO|Z0| I{ZIS 218
¢ ros?2 multicast
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= doctor= ROS2 AH
= HE$Z A& =0l

—

1
o
o

report—failS 2|0|5tH X2 & [} AMIiSt OL0|ElS Sto15t

=| -0

= -iw .:.*._48 include-warningsE 2|0|5tH A1 OF0|HS =tolgt

% ros? doctor -iw

rr
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ROS2 CLI Al
ros2 wtf
= wtf= What's The FastE 2|0|5tH, M5 =|Xs} 2 O|0|E M&5 HMs2 W
= HIO|f Ms S, XA AlZE THY= A2 2= = 1M
. YE9IT 01 S|
= —r M2 reportE 2|0|olH 2ot 2= O0|EHIZ &tolat
4% rosz
A Ojfot OFO|HIZ =felat
RS

—iw =2M2 include—-warningsE
£ ros? wtf -iw

=
=

o|0fotH 11

ol

Ol

t

rir
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, X CLI S0 Mz
ros2 lifecycle

= Lifecycle2 =E2| +H FJ|(lifecycle)E &2lol= HHO
= J7|2XHO R L-C = 479] MEl(state), Unconfigured, Inactive, Active, FinalizedE T2

ol SC =9 lifecycle AEIE 71 27|
¢ ros2 lifecycle get

* unconfigured : 7| Al
= inactive : EH2 X[, SE2 HET HH
2L = . =
= 27 » active : =E7t MHZ2 SXE
* finalized : E7t SRE|D 2|AA H2|E A
= errorprocessing : 02| Y4 Z 02| S S HH|

$ ros2 Lifecycle nodes
[lc_talker '=E2| lifecycle HE{Z configure ANEfZ2| MetZ E2|A

¢ ros2 lifecycle set /lc_talker configure

-
0

= OMIE QI5H Cte HBOZ lifecycle_talker O|H| !

= ros2 run lifecycle lifecycle_talker

[IJ|ﬂJ
Il
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ROS2 CLI &&

ros2 component % CLI S4=0] Mg

= Component= 0jg] EE

C}
L =
= HEUEQ| EE X3, 2C, HRL 59| Al

A3 01 7HE|0|Let HEHE B2 &3

$ ros2 component list

X8 ZH 0| Eo| EF HEHE M3l

$ ros2 component load /my container composition composition::Talker

BZ HEO|H tE2 EX HUHE A3

—

$ ros2 component standalone composition composition::Talker

$ ros2 component types » HADEHE LE= 0 LEE GILIC| 2 M|A LHUIA Alslist &~ QIEE M=l ROS29] 7|s
XX Z{ITHE O] AlSH =X| » 0| Soff & 7t0| St QHGIES Z011, AA- A EES 2Nt + US

. : , = 0|25t ghAlE ** AL X|M(Composition)**0|2t11 &
¢ ros2 component unload /my container 1 I = h( P )02l &
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ROS2 CLI &&

= Security= SROS2| RE!IZ|E|Z, DDS-SecurityS ROS20{|M AI235}7| o 25t E71E DOHE

» ros2 security= ROS 20j|M 2Ot 7|52 AX5t &2|st= HEO

ROS 2= DDS (Data Distribution Service)S 7|8tQ 2 5X|2t 7|2MOZ HOt0| H| 25}

0|E &M3tot2i™ SROS 2 (Secure ROS 2) 2! DDS-Security E&2 AF20H{0} &.

HOt 7|52 EM35tolH QS (Authentication), &S 38HEncryption), HAIA H|0{(Access Control) S2| 7|52 A& £

[ ROS 2 HOt 7|5 && Of|A| ]
1) A2 =2 H|o|E| ES
= 7iH2t, LiDAR MM CIO|HE Y& 8}ot0] HS
= QR0AM §7F=|X] 2 ET} HIO|EHE YLt H5IX| RoteE M
2) AU 2R AR HOt
= 22 M0 BES 57t EOIMTE B £ TR K|
= S HELI0N HOt0| RX|EEE ASSHE S ALE
3) UL SIS [oT A|AR HOt 25}
= S2IRCS0M ROS 2 7|8 221} OLMGHA &
= TLS ¥ DDS HQt I2EZS MESI0] 2 SHCERH HS

ol

r=



ROS2 CLI2]| = A3l
ROS2 CLIO| 2 Alat

= = EZ0{(~/)2 .bashrc U0 X} AF25H= ROS2 CLI HHOS CHE HAHOZ X| ™5 £ EX ROS2
CLIZ Hj2H A 7ts
~/.bashrc IHU0f| Of2f HENE F7t

X E{0|=&t 271 O|AF =R source ~/.bashrc 27|

tn='ros2 run turtlesim turtlesim node'
tt="'ros2 run turtlesim turtle_teleop_key'

testpub='ros2 run demo_nodes_cpp talker'
testsub='ros2 run demo_nodes_cpp Llistener'

rt="'ros2 topic list’
re='ros2 topic echo'
rn="'ros2 node list'




ROS2 CLIC| HI= 2l

ROS2 CLI2| Hj= &

0|- I'

ol

=
=

% E(~/)2l .bashrc TN X}
LIS =2 & 7ts
~/ bashrc IIYUS XEISH LIS

¢ source ~/.bashrc

user@user:w$ rt
/1mage

/parameter events
Jrosout
Jturtlel/oemd vel
Jturtlel/color_sensor
fturtlel/pose

user@user:~% rn
/rgt_gui_py node 57947
/showimage
/teleop_turtle
Jturtlel/rqt_example
/turtlesim

AEdt= ROS2 CLI HHO{E tH=

S 2 M0

A (=]
282 X8

SHOE H=EH AE 7t

user@user:~% re fturtlelfpuae
¥X: 5.403021812438965

y: 4.118311508178711
theta: -1.5807411670684814
Linear _velocity: 0.0
angular_velocity: 0.0

¥: 5.403021812438965

y: 4.118311568178711
theta: -1.5807411670684814
Llinear velocity: 0.0
angular velocity: 0.0

330z X’Zsll =8 £F ROS2
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CLIOIA arguments At25}7|

= ROS arguments= £& run £ launch E0{2} Z2 ROS2 Al H

02t

o
(=]

PH AFE E|H “~-ros—args’

$ ros2 run WIIKNOI& =E0l5 --ros-args (ROS argument)

= 0| AF2E|= ROS arguments
-1 __ns:=AlEE H|YAH0|A
—-r __node:=HAY L 0|E
-r 222 EL/MH[A/HHH:=HHS 0|F
-p It2}0|Ef O|F:=tHZ & M2t0| e %k
——params—file I{2}0|Ef I

°
FMES

3“ III‘I
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CLIOIA arguments At25}7|

ROS arguments Of| K|

= Of2liet 22 dEC = matd|y 4%
HIQJAHO|A: /tutorial
HAS LLE 0|E: my_turtle
turtle1/cmd_vel2 cmd_velZ£ HEZA| EHEE +H

background_b IfZtO|HE 0= HY

user@user:~% ros2 run turtlesim turtlesim node --ros-args -r ns:=/tutorial -r _ node:=my turtle -r turtlel/cmd ve

L:=cmd_vel -p background_ b:=8
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CLIOIA arguments At25}7|
[ TURTLESIM 10t2] AE{OIA rqt_graph 0| 2 HO|X| command & £ rqt_graph&tQ!

-
TurtleSim - X l

rqt_graph__RosGraph - rqt - 0o X rqt_graph__RosGraph - rqt - 0 X
5 Node Graph D® - Op{Node Graph D® -0
= Nodes/Topics (all) il / E = =l @& | & Nodes/Topics (all) all; / B3 &
Group: 2 = Namespaces v/ Actions v tf v/Images v/ Highlight v/ Fit [%|| Group: |2 |Z| Namespaces v/ Actions v tf v/Images ‘v Highlight v|Fit | [Z]
Hide:  Dead sinks Leaf topics v/ Debug tf V| Unreachable v Params Hide: | | Dead sinks Leaf topics v Debug tf v Unreachable | Params
Turtiel
furtiel/rotate_absolute
fturtiel 4—| — - - l
fturtlel/rotate_absolute _J |

i ‘:—I furtielicolor_sensor |
furtlel/rotate_absolute/ actionffeedback

fturtliel/rotate_absolute/_action/status Rurtiel/pose

fturtlesim |  [turtlel/color_sensor Auturialpurtiel

\ /l

hurtiel/pose /J Auturistrurtiel/omd_vel |

\ Puturialfmy_turtie —-| Puturialturtie1/color_sensor
Murtlel/cmd_vel

Nuturialturtie

uturial/turtiel/rotate_absolute/_action/status ‘

i




CLIOIA arguments AFE5}7|
CLIOIA arguments At25}7|

ROS arguments Ol |

= yaml| It = Op20|E X{&EH
Ot2fQt Z yamImi A

turtlesim:
ros__parameters:
background b: ©

background g: 250
background r: 2560
use_sim_time:

yamIIIUo| MY 0|50 turtlesim A&

$ ros2 run turtlesim turtlesim node --ros-args --params-file turtlesim.yaml
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CLIOIA arguments At25}7|

TurtleSim

I+]

turtlesim:
ros__parameters:

background_b: ©
background_g: 255
background_r: 255
use_sim_time: false

turtlesim.yaml
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= ros2 envets 7|E0] E ROS2 CLIE BHE7|

X =S M : ros2env.zip

o[>
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s

victor@victor-VirtualBox:~/ros2_wsp ros2 -h |
usage: ros2 [-h] [--use-python-default-bufftering]
Call "ros2 <command> -h" for more detailed usage.

ros2 is an extensible command-line tool for ROS 2.

options:

-h, --help show this help message and exit

--use-python-default-buffering
Do not force line buffering in stdout and instead use
the python default buffering, which might be affected
by PYTHONUNBUFFERED/-u and depends on whatever stdout
is interactive or not

>
i}

2| X}

[

-~

victor@victor-VirtualBox:~/rosz:ws ros2 -h I
usage: ros2 [-h] [--use-python-default-burrering] Call ‘ros2 <command> -h’

more detailed usage.

for

ros2 is an extensible command-line tool for ROS 2.

options:
-h, --help show this help message and exit
--use-python-default-buffering
Do not force line buffering in stdout and instead use
the python default buffering, which might be affected by
PYTHONUNBUFFERED/-u and depends on whatever stdout 1is
interactive or not

Commands:
action Various action related sub-commands
bag Various rosbag related sub-commands
component Various component related sub-commands
daemon Various daemon related sub-commands
doctor Check ROS setup and other potential issues
interface Show information about ROS interfaces
launch Run a launch file
lifecycle Various lifecycle related sub-commands
multicast Various multicast related sub-commands
node Various node related sub-commands
param Various param related sub-commands
pkg Various package related sub-commands
run Run a package specific executable
security Various security related sub-commands
service Various service related sub-commands
topic Various topic related sub-commands
wtf Use ‘wtf® as alias to "doctor’
Call ‘ros2 <command> -h" for more detailed usage.
victor@victor-VirtualBox:~/ros2_ws$ l

Commands:
action Various action related sub-commands
bag Various rosbag related sub-commands
component Various component related sub-commands
daemon Various daemon related sub-commands
doctor Check ROS setup and other potential issues
env Various env related sub-commands
interface Show information about ROS interfaces
launch Run a launch file
lifecycle Various lifecycle related sub-commands
multicast Various multicast related sub-commands
node Various node related sub-commands
param Various param related sub-commands
pkg Various package related sub-commands
run Run a package specific executable
security Various security related sub-commands
service Various service related sub-commands
topic Various topic related sub-commands
wtf Use "wtf® as alias to ‘doctor’
Call ‘ros2 <command> -h" for more detailed usage.
victor@victor-VirtualBox:~/ros2_ws$ I




Mt ROS2 cli 2™
v A1 o x|

1. ros2 E02| srcE0E 0|S610{ ros2env I 7| X| AN

$ cd ~/ros2 ws/src/
$ ros2 pkg create

2. ros2env Z02 0|=6}0 vscode 4!

$ cd ros2env/
$ code .

3. ros2env &0 20l command EC MM £ env.py I}

v ROSZENV EBELA
> M resource
~ W [os2env
~ i command
e _init__.py
e env.py
g _init_.py
» g test
</* package.xml
£ setup.cfg
e setup.py

ament_python ros2env

EXPLORER

~ ROSZ_WS

> build

> install

> log

v SIC

~ ros2env
» .vscode
} resource
v roszenv
v api

® _ init__.py

= O

v command
__.py ]II.OI AHg

® _init__py
,;l‘

> test
m package.xml

setup.cfg

ke

setup.py
> rgt_example

ks
>

VS Code

al.




AT ROS2 cli &Mt

Build 511 &letol& 7|

victor@victor-VirtualBox:~/ros2_ws$

ros2 env list

ROS_VERSION = 2
ROS_DISTRO humble
ROS_PYTHON_VERSION = 3

ROS_DOMAIN_ID

RMW_IMPLEMENTATION = None

None & DOMAIN_ID HHYA A3l 7]

victor@victor-vVirtualBox:~/ros2_ws$

ros2 env list -a

ROS_VERSION =2
ROS_DISTRO = humble
ROS_PYTHON_VERSION = 3
ROS_DOMAIN_ID = None
RMW_IMPLEMENTATION = None

victor@victor-VirtualBox:~/ros2_ws$

ros2 env list -r

ROS_VERSION = 2
ROS_DISTRO = humble
ROS_PYTHON_VERSION = 3

victor@victor-VirtualBox:~/ros2_ws$

ros2 env list -d

ROS_DOMAIN_ID = None
RMW_IMPLEMENTATION = None

victor@victor-virtualBox:~/ros2_ws$

sparkx@sparkx-550XDA:~/ros2_ws$ echo $ROS_DOMAIN_ID
214
sparkx@sparkx-sseon:~/rosz_ws3 ros2 env set ROS_DOMAIN_ID 99
[Changed ROS environment varia

ROS_DOMAIN_ID = 99

[Current ROS environment variable]:

ROS_VERSION =2
ROS_DISTRO = humble
ROS_PYTHON_VERSION = 3
ROS_DOMAIN_ID = 99
RMW_IMPLEMENTATION = None




Al ROS2 cli &3 A

v olell o|X| — env.py

1. env.py: 2IEJH[O|A (CLI)OA &H& 7|SS F7F6t= EnvCommand 2:2HAE Ho|

(X X ) & CLI9 “env” H|Ql HHS HO|( $ros2 env list or $ros2 env set)

il}e

from ros2cli.command import add_subparsers_on_demand
from ros2cli.command import CommandExtension

class EnvCommand(CommandExtension):
def add_arguments(self, parser, cli_name):
self._subparser = parser

add_subparsers_on_demand(
parser, cli_name, "_verb", "ros2env.verb", required=False

main(self, *, parser, args):

if not hasattr(args, "_verb"):
self._subparser.print_help()

return 0

extension = getattr(args, "_verb")

return extension.main(args=args)



Al ROS2 cli &3 A

v &lsll 0|X| — env.py

il}e

EXPLORER
2. add_arguments et v ROS2ENV
= — e~ = L= = e > Hj .vscode
= IfAN(parsen)0fl ME HHENHE SHC=E FIIot0] & 7t55t X E OF
> M resource
o000 v @ ros2env
. > api
def add_arguments(self, parser, cli_name): ™ ap
self. subparser = parser > i@ command
v @ verb
# add arguments and sub-commands of verbs | 'i list.py

add_subparsers_on_demand(
parser, cli_name, " _verb", "ros2env.verb", required=False

) @ _init__.py
> & test
</> package.xml

¥ setup.cfg

& setup.py
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v el oK — env.py

3. add_subparsers_on_demand 2t

*ROS2 CLI(Command Line Interface)0ilA A{E ©

HO(ES

verb'et E8)E EQ0| Of2t SHOE LSt FII5ks HES #

=ros2env.verbOf2HOIA E2{1Q(verb)S 311 1A
argparse?| subparserz2 SEollF= &
[F2 QIXt]

=parser: 0|21 SH0{Q| T 2| O] TEM 4|0 M2 BHOUE F7tot0] FHN

oI A EE = A=E &

add_arguments( .

# add arguments and sub-commands of verbs

ks
>

cli_name: CLI =72| 0|52 EXIEZ ME(ros2 env 22 A2 HHO 0|2)
attribute_name(_verb): A|E EH2i0{(verb)2| 0|28 £H0 2 AIR5}0] 0]
£MZ 7|E02 Malist HHOE AH
module_name(ros2env.verb ): & HZ0{(verb) 71510| EUU= ZE2| 0|2
required: A2 BHEO{7} EQIX| {EE A7, FalseZ AT 32 ME

YO} YIS 1 7|2 HOR TSU0| EY

—_ "1

( € ros2env.verbZ £E Qo A|HNHM commandE 7tN4=

, , "_verb",

"ros2env.verb”,



£ ROS2 cli &dH

v &l Ol - env.py

4. main HIME

ME 307t =HX|X|

e 42 t22= S, FOX B oid ME BHOQ main HAMEE S&ot0] &
200

main( Lk, , IE

hasattr( , "_verb"): « args._verbOil ALRXI7t Y25t 519 B0 (verb)7t SOI2. ME HME QI3 0= ZiAt

# ME FHo7t MYCX| US o, =2US =
) . () € orol AF2XI7H ME HUMEZS QIZ{6HK| UQULHH help S
0
# &4 °_verb E 7|E22 ME HHo{(verb)E NS
= getattr( , "_verb") <€ ros2env listLt ros2 env setOflA listet set
# sie ME .3434010| main HMEE S50 A3
( = )

ks
>
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v &lell O|X| - list.py

EXPLORER

v ROS2ENV
> B .vscode
> Ml resource
v & ros2env
> I@m command

1. verbEL M = Ot list.pyIt 44 v | verb
& list.py
e _init__.py
> 4 test

</> package.xml

£ setup.cfg
@ setup.py

ks
>



ks
>

M ROS2 cli 2 H

v ol Of| & - list.py

1 " — (= =] L
2. list.py: ros2env I{7|X|2] YE2 ROS2 &F WLHES £25t= ListVerb 22AS HO|
000
000
main( . x, ):
- & ros2env-r
= ()
Listverb( ): . . <€ ros2env—d
add_arguments( , , ): . = ()
. ¢ :
|l_a|'l, - ()
N print( ) < ros2 env —a
="store_true",
help="Display all environment variables.",
)
. (
|l_r|'l,
"—ros-env",
="store_true",
help="Display the ROS environment variables.",
)
. (
|l_d|’l,
"-—-dds-env",
="store_true",
help="Display the DDS environment variables.",
)



£ ROS2 cli &dH

v Al o|lA| - list.py

3. code import

= get_all_env_list, get_dds_env_list, get_ros_env_list : ZtZt E=

57 ti4, ROS 22l 37 Hi45 HIBSIE 45

* DDS: HEA0| AEH o= YXIS0| H0|EE F1-S + U alix

=  VerbExtension: ROS2 CLI H3( && 7|58 HEo= 7|12 2

o
(e]]]

% 9fl ros2env.api ZEZ HE 22|5HM A5H=X| EQIHEXHII

o
oM
&

I

rir
>

1> ofm

w

e

[

ks
>




AT ROS2 cli ZHgH

v Al O|A| - list.py

4. ListVerb E2jA

= ros2envet HH = HEZ

ListVerb(

o

7
o

H

A
T

=
=]

=

=

Ex

=
=

=5
=i

IeL

A
T

o]
M

rir

/|

=
o

1[0

Al

Okl

ks
>
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v el o] - list.py

5. add_arguments &4

= ros2 list HEHOIE AlSHSH I AIRSH 4 Q= 2ME
(XX
add_arguments( , , ):
: (
"_all’
"—all", ;

="store_true",
help="Display all environment variables."

) u
- (
g .
"—-ros-env",
="store_true",
help="Display the ROS environment variables.", )
)
: (
"_g",
"—dds-env",
="store_true",
help="Display the DDS environment variables.",
)

ks
>

g9

-a, ——all: 2= &g HE SHolE d8ol= Sl

—r, ——ros—env: ROS Zt& &t Ha0F S26tE 5 A8ol= Sl

-d, ——dds-env: DDS &3 &t4 H0F S0l & H8ot= Sl

2t FME action="store_true'= AHE[0], HHOH SHS Zolet 4L
True &2 7HX|H, 12 X| 42 42 False at= 7

help Oi7fHs= 28 SN2 S MSotK ros2 list ——help= B 0{0
Cist =2EE = M AFEE



2ol o|H| - list.py

main HAME
M 0| ASHO| main 2XIS et

args QA= MEE Z4 240 Lt £ ot

U AL, get_ros_env_list() &

args.ros_env/t Trueg 4%
2Eot0 ROS &H &g ¥ieE JtN=

o0
main( y *, ):
= ()
= args.dds_envZl True 4L, get_dds_env_list() &+
i O 525(0] DDS 3 &7 HAZ JIHS
= ()
rint
> ( ) = £ &M BF False 42(F, ——all M40|7{Lt OIF M
Ol|A| A2t AHRSHX| &2 AR), get_all_env_list)E $&510 RE
- _ St e — L)
= HE 2E BHa 53 ros? list —a 23 PSS
= ROS &E 24 Hay 3 ros2 list —r
= 2t Hy S3: ros? list —d



4l ROS2 cli 24 E =

il}e

/A3l 0% - api/_init__.py

EXPLORER
VROS2ENV [F B2 O &
> B .vscode

> M resource
v @ ros2env

v &8 api
‘ @ __init__.py
> ™ command
> Ml verb

@ _init_.py
> 1o test

</> package.xml

£¥ setup.cfg
@ setup.py



A7 ROS2 cli XA A
v &1l Of|X| — api/_init__.py

1. _init__.py: ROS2%} H#HE 2t H+S &1 873

il}e

o000
import os
def get_ros_env_list(): oo
ros_version = os.getenv("ROS_VERSION", "None")
ros_distro = os.getenv("ROS_DISTRO", "None") )
ros_python_version = os.getenv("ROS_PYTHON_VERSION", "None") def get_all_er)v_llst()= _
ros_env_list = "ROS_VERSION = {0}\n\ ros_env_list = get_ros_env_list()
ROS_DISTRO = {11\n\ dds_env_1list = get dds_env_list()
ROS_PYTHON_VERSION = {2}\n".format( , all _env_1list = ros_env_list + dds_env_list
ros_version, ros_distro, ros_python_version .
) return all_env_list

return ros_env_list

def set_ros_env(env_name, env_value):
def get_dds_env_list(): os.environ[env_name] = env_value
ros_domain_id = os.getenv("ROS_DOMAIN_ID", "None") ~ -
rmw_implementation = os.getenv("RMW_IMPLEMENTATION", "None")
dds env_list = "ROS_DOMAIN_ID = {0}\n\
RMW_IMPLEMENTATION = {1}\n".format(
ros_domain_id, rmw_implementation

value = os.getenv(env_name, "None")
return "{@} = {1}".format(env_name, value)

)

return dds_env_list




A7 ROS2 cli XA
v Al oA - api/_

2. get_ros_env_list &%
= ROS29} &A= 5HA

= os.getenv() &5 AHESHY 2t 4 H
EAIEZ HEOHEISHY] Bt

= M 2E By

mw

=01 ROS_VERSION, ROS_DISTRO, ROS_PYTHON_VERSION %S 7tN=

HAZ Ol
T = 21 2

i T

get_ros_env_list():
# os.getenv() &+E AIEs510] ROSQt #HHE 2H HLE JIHS

# HEZH0| EXSHR] i 7|2

# 7182 HaSS Z0U

ROS_DISTRO
ROS_PYTHON_VERSION

'ROS_VERSION

'None 'S dtat
('ROS_VERSION', 'None')
('ROS_DISTRO', 'None')

= os. ("ROS_PYTHON_VERSION',

ElISI0] EXIEZ Bt

= {0}\n\
{1}\n\
{2}\n". ¢ '

"None')

# ROSO|M At

ShH= mfo|)M HA

ks
>



>
>

AT ROS2 cli ZHAH
v &l Ol M| — api/__init__.py

3. get_dds_env_list g
= 0] &= DDSQt B3 = SHA B0l ROS_DOMAIN_ID2t RMW_IMPLEMENTATION Z2 7H82
= ROS20{|A] DDSE A

.I
= 2d B 90| Gl 4 'None' S Bletot & 510, ZX 6 &
=2
=

* RMW_IMPLEMENTATION: ROS27} L|O|E{& F11tt

get_dds_env_1list():
# os.getenv() &=+E AIS5t0{ DDSQt #HE &F HKE 7IKMFZ
# g0l EXSHK| o™ 7|23t 'None'Z2 tfet
= 0s. ('ROS_DOMAIN_ID', 'None') # ROS WIEQ3 =mHol ID

= . ("RMW_IMPLEMENTATION', 'None') # DDS O|S¥Yo &

# 7tM2 HeEsSS ZOUESI ZAE= Hiet
= 'ROS_DOMAIN_ID = {0}\n\
RMW_IMPLEMENTATION = {1}\n'. ¢ , )



Al ROS2 cli &3 A

v el 0IX| — api/__init__.py

il}e

I:I_JIK_E %‘A‘I *E_“:gg_ get_rOS_enV Ilst()gl. get ddS env ||St()% §§6|'O:I EI: ROS 2 DDS J_|"'_I-E' Qg ﬁ#‘% 7|-X:I%
= ZBlA0| HiSE S ZBI6I0] BE B WA SiLio| EXIHR Bt

def get_all_env_Tlist():
ros_env_list = get_ros_env_list()
dds_env_1list = get_dds_env_list()

all_env_llst = ros_env_list + dds_env_list
return all_env_list




AT ROS2 cli 244
v ISl Of|™| — api/__init__.py

5. set_ros_env g

= 0| &= env_namel} env_valuet= F QXIS Btot GHE &+

= os.environ SNUE[0] &S HE 2ol &8 H+S 280, o

= 2 B ¥ 2 He UE Sofl Ha8u 2FE US =XE YHE &
000

set_ros_env( , :
M A SH

# os.environS AZ35}04

ks
>
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v ool O] - set.py

EXPLORER

v ROS2ENV
> Bj .vscode
> W resource
v @l ros2env
> B api
> @™ command
O A verb S 2t set.py I 4-d v & verb
e list.py
e set.py
@ init .py
> o test

1. 0oy 2t

</> package.xml

£ setup.cfg
@ setup.py

ks
>



Al ROS2 cli &3 A

v ool 0| — set.py
2. set.py: ros2env I{7|X|E AE3510{ ROS2 HumbleOjlA &t H4-E H™

il}e

Ew
[
o
o
rlr
]
olr
fujo
>
Okl

from ros2env.api import get_all_env_list
from ros2env.apl import set_ros_env
from ros2env.verb import VerbExtension

class SetVerb(VerbExtension):
"""Set ROS environment variables."""

def add_arguments(self, parser, cli_name):
parser.add _argument("env_name", help="Name of the environment variable")
parser.add _argument("value", help="Value of the environment variable")

main(self, %, args):
1f args.env_name or args.value:
message = set_ros_env(args.env_name, args.value)
print("[Changed ROS environment variable]:")
print(message)
message = get_all_env_list()
print("\n[Current ROS environment variable]:"
print(message)




ks
>

A+t ROS2 cli 24

v ool O] - set.py

3. code import
= get_all_env_list: 2= ROS2} DDS &#& 2tF HE 7ML= e, 2t HaS X2(ol0] Sl 27 &H 221 7ts
=  set_ros_env: £ ROS 24 H % ’é’géfE ot &g H0| 0|Fd 2fS ot MER 43 7ts
= VerbExtension: ROS2 CLI & HEHNE 1515}17| st 7|2 Z2HA. 0] 22HA = ros2 {verb)} Z2 Ao Z HBNE stHatst
b BHONZ F/fol=0| AFEE

T+ U= X|&HotH, ROS2 Humble()ﬂH SetVer



Al ROS2 cli &3 A

v ool 0| — set.py

il}e

4. SetVerb A

=  ROS &3 HE HYot= O MBE= AR, VerbExtensiong A&H0F ROS2 BHO &&g #oigt

class SetVerb(VerbExtension):




Mt ROS2 cli 2HAH

v ool O] - set.py

ks
>

5. add_arguments 2
- ROS2 00| W3t S41} Q122 Ho
1=

o
= 4 T4 QXIS £t

= parser.add_argument() &4+ 5
v’ env_name: AX&t &t H0| 0|52 3. ROS_VERSION, ROS_DISTRO 59| H4H0| s E
v value: 24 H40] ™S Zf. ALK}t ros2 set {env_name) {value) A0 =2 Q245 70| Of7|0f| M=

=
= help 0i7fH= 2F QIXIe] AHE XIS, ros2 set ——help 3H0 = AHAE

add_arguments( . . )

"env_name", help="Name of the environment variable")
("value", help="Value of the environment variable"



il}e

AT ROS2 cli &Mt 4

v ool 0| — set.py

x|

= env_name &
- 514 B4 MN: set_ros_env(args.env_name, args.value) 847t SE&|0f oY & H40 242 84X

= get all_env_list() &+E SE5610 D= 34 tHA0| Sixf AEHE 714210, [Current ROS environment variable]: HA|X|2} &HH &3

def main(self, *, args):
# otd W 0|2} 3f0| MEER=X =l
if args.env_name or args.value:
# set_ros_env E+E S&oi0| & HLE MEstn Aur HAXIE RoLs.
# args.env_namel| &ZA 3 0|E, args.valued| sig ¥ S 44,
message = set_ros_env(args.env_name, args.value)
print("[Changed ROS environment variable]:")
print(message)

# get_all_env_list &4E S&o10{ Sx EE ROS2t DDS & &g WHaKE JENS
message = get_all_env_list()

print("\n[Current ROS environment variable]:")

print(message)




Al ROS2 cli &3 A

il}e

v &Il Of|X| — verb/__init__.py

EXPLORER
VvROS2ENV [J B2 O &
> Hj .vscode

> ml resource
v @m ros2env
> B api
> I@m command
v @ verb
@ _init_.py
@ list.py
@ set.py
@ _init _.py
> g test

1. verb L Qt0fl __init__.py It Al

</> package.xml

£ setup.cfg
@ setup.py



A7 ROS2 cli R Al

v &5l O H| - verb/__init__.py

2. _init__.py: ROS2 HumbleOf|lX| env BZ0{0] Chst 2Py XAES H2lsts| 2let ItZ = ROS2 CLI

SIXIS 9|5t 7|2 HIZEI0 2 AIRE

il}e

from ros2cli.plugin_system import PLUGIN_SYSTEM_VERSION
from ros2cli.plugin_system import satisfies_version

class VerbExtension:
NAME = None

EXTENSION_POINT_VERSION = "0.1"

def __init__ (self):
super(VerbExtension, self). init_ ()
satisfies version(PLUGIN_SYSTEM_VERSION, ""0.1")

def add_arguments(self, parser, cli_name):
pass

def main(self, *, args):
raise NotImplementedError()




A58 O M| — verb/_init__.py

code import

= PLUGIN_SYSTEM _VERSION: oXj A2 =2l ROS2 CLI E2{121 A|AHIQ|

= satisfies_version: S2{1Q! AAHIO| HH 1} =tRO] HTO0| S 2tk =X| HAlo}
= H

Tr==X| 2k2l5t0], HH =€ X|= 2ot LFE TX|

rir E
mlo
E;



AlTE ROS2 cli RHAYE
v &l o|X| — verb/_init__.py

4. VerbExtension 22A
= ROS2 CLI 3&F A|AHIOA] H20] BIEIS 9|5t 7|2 SHAR AIRE

= NAME: 289 0|55 28 I AEE= &4

class ListVerb(VerbExtension):

- — =l=|L_- =
=  EXTENSION_POINT_VERSION : O] &&0| {oiot= &3 ZOIEQ| M
def add arguments(self, parser, cli name):
parser.add _argument(
(X X ) e
"“all",
VerbExtension: actlon:"'store true", . »
_ help="Display all environment variables.",
- )
= "0.1“ parser.add argument (
nopn,
"--ros-env",
action="store true",
help="Display the ROS environment variables.",
)
parser.add argument (
class SetVerb(VerbExtension): n_gn o
"""Set ROS environment variables.""" "--dés-env"
action="store true"
def add arguments(self, parser, cli name): T : : : A
parser.add argument("env_name", help="Name of the environment variable") ) SEPS LSS D D R 200 SRR e

parser.add argument(“"value", help="Value of the environment variable")
def main(self, *, args):

1T args.env_name or args.value: 1T args.ros_env:
message = set ros env(args.env name, args.value) message = get ros_env_list()
print("[Changed ROS environment variable]:") elif args.dds env:
print(message) message = get_dds_env_list()
message = get all env list() else:
print(“\n[Current ROS environment variable]:") message = get_all_env_list()
print(message) print(message)

def main(self, *, args):

>
>



ks
>

19
2| 7291 A|AE! B{H0| EXTENSION_POINT_VERSIONZ}

M ROS2 cli &
v Al o|H| — verb/__init__
5. _init__ g
= gatisfies_version &=E Aol Xl =
Soth|=X] &0l
XX
_init_ ( ):
super( , ). ()
( , ""0.1")
S AN M= |0 JALH, FH[HO1 2HE0]| A

6. add_arguments &%
ROS2 HEO0| ERot QK==
= &
):

290 o2t Of HME

"X X
add_arguments(



Al ROS2 cli &3 A

v &Il Of|X| — verb/__init__.py

il}e

7. main g
= 2t HEHO SE0N BIEA] #3160 of= HIMER, HHOL =
= 7|2 AWM= NotimplementedErrors 2AIA|7

Of HMEZ} BIEA] ot2 SHA0M 2H2H0|= E[0{0F

6]
HU
bal
mjo
4>
gll=
Ql
rr
gly

o]

2 Or2|
= =

I

def main(self, *, args):
raise NotImplementedError()




& Override(Object Oriented Programming)

OverrideZt?
4o B0 SUAFTHIHA)S| HASE, K| SHAME SA)0IA CHA Hols
XEA| SHAOM A4 W HMES Lj AEIUE CHA| BHA5H
OverrideZ} Z25t 0|R]?
B2 SA= QU [ ZEHI 7SS HY
XHAl SYAL S48t/ THEO 715 512 A
L YEYS =011, CFdd(Polymorphism) = 72 Crad-d? 5tLte] AE 0| A(HIME 018)7t o2 HEHZ SEfoh= A
dog = Dog()
(self) (self): cat = cat()
print( ) print( )
( ) ( ): make it speak(dog) # ZIH1
(self): # 2H{2H0|=! niqtzse”):) make_it speak(cat) # Of=-~
print( ) i
. ( ):
a = Animal () Ak
a.speak() # Animal speaks print( )
d = pog() (animal):

animal .speak()

Kol
]

d.speak() Dog barks « ZHZM0|=ZE HME



=5 Override vs Overload

N

Overloading

Overriding

class Dog{ P —
public voidlbark(i{
System.out.println("woof ");

}

Some Method Name,
}

Same parameter
class Hound extends Dog{ |

public void sniff()(,//

System.out.pripfln("sniff ");

} f
public void{bark(i{

System.out.println("bowl");
}

Overloading

class Dog{ - a + b;

public void [bark) ){

System.out.printintiweef ");

} Same Method Name,
Different Parameter
//overloading method —— ( a,
public void|§g£5kint num) {

for(int i=0; i<num; i++)

System.out.println("woof ");

a+ b;

% C++, JavaOllM= OverloadX|&5tLt PythonOlM= ALSHA HMH X|&SHX| 2 2Lt source codel0flA 27]6l= SEIZ 8 Jts

b) {

(string a, Sstring b) {



|>

2= interface?} =AE A

Interface@t?
O|H 7|sE3 #= AN|0{0f stCt
(u]

| -
Of 7|58 TEIGHOF SH=X| AT Hal £ X

Interface?} st 0|R?
O3] 7HLXI7T 22 AJAH OHUIM CHYst 7|53 F71
X} ZEXfe| iAo 2 HIME 0|5, S&f g4 HsIrHH?

TC TALE, 278 112 0] Z2HE FHY L=l

{ abc ABC, abstractmethod
OF
' (aeC):
@abstractmethod
U« 785 (self):
0 {
System.out.println( );
y : ( K
(self)
[ <73 T )
0 {
System.out.println( Y; ( ):
} (self):
} print( )

>

% Pythonoilklz interface keyword7} 120 CH
X Interface= THEI(E)Tt MSstLt 4 SHAE=E E

rx



£ ROS2 cli &dH

ks
>

v &l O[H| - setup.py

1. setup.py2 entry_pointsZ Ot} Z0] $X mintetr,

EnvCommand( )8
add_arguments(self, ) ):
self. =

(

, "_verb", "ros2env.verb", =

)

’ ’ .
hasattr( , "_verb"):
self. . Q)

0

= getattr( , "_verb")
. ( = )

"ros2cli.command”: [ € envil= 0|22 ros2env/command/env.py TS| EnvCommand S2AE S5(ros2 env HEH0| S
"env = ros2env.command.env:EnvCommand”,

?
os2cli.extension_point": [

"ros2env.verb = ros2env.verb:VerbExtension",
1,

& extention_point S&. ros2env/verb.pyIt20to| VerbExtentionS2HA S HZ. VerbZt O QIE|LH|0|ASE Al26t=X| LB S
"ros2env.verb": [
"list = ros2env.verb.list:ListVerb",

"set = ros2env.verb.set:SetVerb",

1,

< ME HEHN(verb)E SE56t= B&. ros2env/verb/list.py2t ros2env/verb/list.py 271 22iA. ros2 env list2t ros2 env set YE7ts



A ROS2 cli 2HAH

v &lell Of|X| — setup.py

2. HOIZ2S 20| I{7|X|S 2Esta, M=z 25 & I7|XIE A
000

$ colcon build
$ source install/setup.bash

3. Ozl BF0IS= o0 Mtz "I} ERSS =240

- L
000
$ ros2 -h # Show this help message and exit
$ ros2 env list # Display all environment variables.
$ ros2 env list # Display the ROS environment variables.
$ ros2 env list # Display the DDS environment variables.

ks
>



Intra—Process Communication

Process 2

Node A

Publisher




Intra—process communication

Intra—process communication

= ROSt<= =+7l2] nodeE AlEol0{ 70| O|FO{H

|AEI0IA =7H2] node ALEA|

= HIO[f S4I= St Y=z Qlot HA| Xl 945 Aot & M2 ALEE S7t5l= HH

= ROS20iiM= 0| aliZst7| 5 IPC(Intra—Process Communication)X|S

= O, ZHIY 22 : 2}0|Ct GO|E| LE, BE MO L., EE QX| FE LE ZE MMM LE S .

>
mo s



Intra—process communication

= ROSOIA MZ CHE Z2HAQ| Of0|CIS Solsh ™ HEH5| CIE %S 20l 7ks
o

user@user:~$ ros2 run examples_rclcpp_minimal_subscriber subscriber_member_function
[INFO] [1728878217.077062097] [minimal_subscriber]: I heard: 'Hello, world! 0'
[INFO] [1728878217.576641396] [minimal_subscriber]: I heard: 'Hello, world! 1'

user@user:~$ ros2 run examples_rclcpp_minimal_publisher publisher_member_function

[INFO] [1728878217.075749315] [minimal_publisher]: Publishing: 'Hello, world! 0'
[INFO] [1728878217.575734858] [minimal_publisher]: Publishing: 'Hello, world! 1'

user@user:~$ ps —e

PID TTY TIME CMD
2849329 pts/0 00:00:01 subscriber_memb
2849511 pts/1 00:00:01 publisher_membe




Intra—process communication

" ME CHE DEMAE S4MElE GO|EL O3 H HZa|0| SAE|0] 45 K51t LA =
& L
= 1= 7to] QLFEOI BIO|E| B O
T = /—'—C Data /‘ a 7_\\

| L~ |
Process 1 I / Process 2 K Data ) ]
DDS Writer | ! | DDS Reader — Tt
Node A 1 Node B N ) Node B
: Subscriber
Publisher I Subscriber N
1 A J
: > Data
Copy Copy
| Process 2
7|2 x0] H|0|E| EA ! " Noten )
[ 712XQI GIO|Ef EAl] |
QR0 2 ROS 20IA = ZH0| BIO|EIS M3 O, BIAIX|E CHS Tt 22 T2 A ' ™
7" Data 2
1. THE2|A7} HAIRIS 44 i )| Y
= A2XtHAIXIE MAM6HH, oS HIO|E7t HZ 2|0 EX FAN HEE kﬂj x|
2. DDS DISYY0IE S35t GIO|E Mg km )
1. ROS2= DDS(Data Distribution Service)S At2o10] A XIS MESt
UHEX 0| 0M= HI0|HE YESR HEEZR 2|2 2ALSI0 SAIE _
2. ¢ DDS F#30M= H0|HE YEYI HIH E= 3R D22 SASIH & 0] THHOIA Of2] Ol HTa] AP} SH5He
3. TSA7HHI0|HE M
1. $AIE HO|E= CIA| ALt T2 30| 22| ZAE £35| t48% H|0[E{(0]0]X|, LIDAR ZQIE SEIRL 8) H& Al

2. 02| Jlo| REXD ENE ZQ, 2 TSRO LES 2ALE 22| AR 5719 A5 Kot 2



User Code

User Nodes

ROS Client Layer
(RCL)

“relepp| relpy || relc

A O ®
— = | I
. ®: %

Other APIs

rcl (ROS2 C Implementation)

rmw (DDS API)
ROS Middleware
Layer (RMW) !
FastDDS O™ (L) =
OS Layer == Windows & *’OS

(‘
7 ‘ o . — X-axis

Downward Y-axis
—+ Z-axis

® Upward

-~

™

[ rclepp ]l rclpy I

W
h

Data Flow

Hardware Layer

S
N\ ¢



Intra—process communication

" IPCE 0|83lH E712] LEE THY T2 MAUIM X2lot0 sild EHIE ol

Process 1
Node A Node B \
DDS Writer DDS Reader
Publisher Subscriber
Data — — Data
[ Zero—Copy@? | Zero—copy \K
OO SAIE z[A8lol0] M52 x| Msloh= 7= ("

ROS 20| = Fast DDS SHM (Shared Memory) % Cyclone DDS Iceoryx S2| DDS O|S¥0{0A X[

[ Zero—Copy W4|2| LIO|H SE ]

. HE2|M7t HAIXIE Y451H, CI0E{7H 31 HIZ2|(SHM, Shared Memory)oil X% E

2. DDSE HI0[EE WEYIZ MASHK| 41, Z42 TZMA E= SUSH HA Lo TEXHEAH AX WACZ MY
3. #EX= HIO[EE SAH 810] Z[H &=t ALE

4, &, HIO[E{7} &t HOF WS T 02 STt 0|8 21 S 4= U0 HIZE SAVHEHR QIS

—



I ntra_process commun |Cat|0n O GitHub https://github.com/ros2/demos/tree/humble/intra_process_demo/src

< H|A|X| address 174

» LT 274(Producer, Consumer)Z} 17§ T2 M|A0| AUS
» publisher = subscriber
= 22| SA 10| H2A| HIA|X|] ME(H 22 F4)

victor@victor-VirtualBox: ~ 82x8
'6:1H-kblockd

~ o — T sv/iontc

_______
) - en
\J cCVCIILD

< O A 174


https://github.com/ros2/demos/tree/humble/intra_process_demo/src

Intra—process communication

< O|A|X] address 174

publishing subscribing

subscribing publishing




Intra—process communication

e pipeline demo

= OS 0= 0I1&0}0 0]0]X| IfO| TS el

a0 OO

N image_view_node@user

¢ 2B48B01, | ptri CTERAE4038dal

id: 2B48B01, |ptr: Tx723d84039dal Hello world)

id: 2B48BC1, | ptri Ox7TA8d54039dal

LSl camera_node
Ll Watermark_node

Ll image_view_node

user@user:~$ ros2 run intra_process_demo image_view_node

X image_view_node@user

id: 2B48B01, | ptr: CwTERAE4039daD

¢ AB48B07, |ptr O FAEAE4H03

id: 2B48B17, | ptr. OxB3cZETZ

Ydal Hello word]
a4

3l camera_node
Ll watermark_node

Al image_view_node

0] Gill= & 37 LEZ FHE|0 US

camera_node : OpenCV 2}0|H2{2|E 0|235}0{ 7|2} Rl=AZHS ot
sensor_msg::msg::lmage HA|X| E}2AOZ publishingdiF= &
watermark_node : camera_node0|Aa publishingst= O|0|X|E
subscribingolal 0|0]|X|0f| text3=7}510{ publishing
Image_view_node : camera_node0|lA publishingst= O|O0|X|E

subscribingdt0{ cv:iimshowE Sl H0{F



Intra—process communication
Image pipeline demo

){ image_view_node@user — rd pid= process id2| AAIE ZIE{Of|A] Alal S9!
St

id: 2E48B01, |ptr: 07 E9dE4039dal Zt O A S FH617| Qo £ E 1|

id: 2B48B01, |ptr; Ox7E8d84039dal Hello worldl

alk=2

id: 2B48B01, |ptri Ox7ERdE4038dal

= SHI E0|92 camera_node®}l watermark_node= Z2 T2 MA0A| zero—copy= O|0|X| &4=AISEK|D

image_view_node= CtE Z2MAOA| Aik|l &EE6l= H2E| FAE OHE

)( image_view_node@user — >

id: 2ZB49B01, | ptr: Ox7EId54039dal Sl camera_node
id: JB49B01, |:-tr: O S dE4039dal Hello wordl é Watermark node

: 2B48B17, |ptri OxB3cE72358a044 gl image_view_node



QoS
(Quality of Service)

DATA

o Qs S/
WRITER (Qos} -.Qos) /

- TopicB TN
. TopicA fCEpCE — R a3

READER

WRITER

DATA | DDS DOMAIN

. { QoS)
DATA

WRITER
3
T READER
Q
\ DATA & >/
READER




DDS2| QoS
DDS2| AH|A EE(Q0S, Quality of Service)

= QoS(Quality of Service)2t &lA| 25l ‘Cl|0|E

QoS

EAl 2 M’

O - H Lo

=
+ ROS2= TCP 9T} UDP #AIS MEIHOR A Ths
TCP: ME|Md(Reliability) 4!
UDP: £ S4

= 0|2 floll ROS20jAM= DDS2| QoS =¢!

QoSZ HjE

= A= A2 0| ME5 Al AA[ZH(real time) A™

A 8% Its

, CIO[E] X|

>

g,



DDS2] QoS
QoS EF

= 2iXl DDSOIM 23 7Iset QoS =22 227HX7t AS

- HEHQI QoS &=
* Reliability : ROS20| M= AIZ|[=E @M (reliable) 22 AFs/LL 84 £ Z|RM(best effort) 22 &7H

rr—'

* History : HoliZl 27|2tZ G|0|E{E E&ot= 7|5(=depth)
* Durability : CIO|Ef s~tlol= MEAIEO|H 7L A-GE|7] M, OI0[ES| AIE R+E 23

* Deadline : FoliZl 7| Lf CIO|H 2] 4l H #210] Gl= 8% O[HE &

oo

A Al
T E%.I

* Lifespan : HalXl 7| Lf =A== HOIEOI2 25 B, 0|2 HIO|E{= AfX

= Liveliness : Mol 7| | .LE = ETO| MALE =190]



DDS2| QoS
ROS20{M Al85H= QoS &4

= Values

0|E{E 2 JHLt 2 X 2HsH= QoS M

MR HAIX| 7 ALO|X(depth) BH2 HIO|E| H2H
KEEP_LAST _ depth: BIAIX| 3 AfO|X (KEEP. LAST &&2 oot 95)
KEEL ALL D= G0|E B2 (ZT) AJO|X= DDS HICOIC} CHE)

Of| A|

.KEEP_LAST,




DDS2| QoS
ROS20{Af AtEot= QoS &4

Reliability

= Values
Reliability MEY F= & M 4H
BEST_EFFORT CIO|E S40| EE. ME S5 SAotH HIEYZ0| [l R4 2™ J7tsd
RELIABLE HIOIE A0 &S, M SAlolH 4 LM A| HTEESS Soff M EH
= Of|A]

.BEST_EFFORT)




DDS2| QoS
ROS20{Af AtEot= QoS &4

Durability

= Values
O[] AISH= MEATZIO[H7} AAE7| X, HO[ES NS Q28 A
TRANSIENT_LOCAL Subscription0| MME|7| M H|O|E T E2(Publisher®i|Zt ME 7ts)
VOLATILE Subscription0] A4A1E7| X HO|EE S5

= GlIA|

. TRANSIENT_LOCAL)




DDS2| QoS
ROS20{M Al85H= QoS &4

= Values
deadline_duration DeadlineS &Qlst= 37|




DDS2| QoS
ROS20{Af AtEot= QoS &4

= Values

BRI 27| L &AIE)= EO|E{0)Tt 95 T, 09| HIO|E= AL

lifespan_duration Lifespangs &Qlol= 7| |




DDS2| QoS
ROS201M AfS5t= QoS &t

iveliness

= Values

RS T M2 SHOIS X| XYots S4 (374K 5 M)

o L1 — H—

liveliness (AUTOMATIC, MANUAL_BY_NODE, MANUAL_BY_TOPIC)

lease_duration LivelinessE 2i9I6t= F7|




H83 A

|'OII

DDS2| QoS
mw_gos_profile ARt X5 QoS =AU AR

0] ArZ5h= QoS 2= st MER &

rmw_qgos_profile
RMW QoS Profile: ROS22] RMWOJ|A{ 7=t ot
=2X0] 2} Default, Sensor Data, Service, Action Status, Parameters, Parameters Events2| 67X|2 {1 &

|
Default Sensor Data Service Action Status Parameters Parameter
Events
RELIABLE RELIABLE

|
Reliability RELIABLE BEST_EFFORT RELIABLE RELIABLE
History KEEP_LAST KEEP_LAST KEEP_LAST KEEP_LAST KEEP_LAST KEEP_LAST
Depth
(History) 10 5 10 1 1000 1000
TRANSIENT
VOLATILE VOLATILE LOCAL VOLATILE VOLATILE

Durability VOLATILE



DDS9| QoS
DDS Vendor Directory

Standards
Development
Organization.

OMG

https://www.omg.org

- 198940| MYE N BES 7|7 *  OMG7I BtE OlS9l0l SA BZ
- A AJAR, BU 0l0f, DISY0] S LIS BES Y L B - AAIZHY, B2 NEY, EEY
= [HEXQI BZE = SILt7F DDS(Data Distribution Service) = 22 B0 otL2} ASRF, =, XSK, L XSSt
soe ™
:::ROS2
https://docs.ros.org
= ROS10{AM2| S4I It 2t st ZEXH(LEHT &8y, MEY £X)
= OMG7} ZZEslst DDSE 7|12 S4l E2EZ = RiH
= ROS29| Publisher, Subscriber SI, MH|A S&, AM MH S H=Z= S20| DDS7[HIC = XE

= DDSHHIS

7
DDS

FOUNDATION

https://www.dds—foundation.org

210l RMW(ROS Middleware Interface)2t= 43} 20]0f

= 0|2 QI5H CtZst DDS Vendors LEiet = US

- MestolR

- et QoS, BEIFHAE, P2P

EA|

s, HeNQSst 21F), HAIZHY

sl
=0

Fast DDS

https://www.eprosima.com

rt)

https://www.rti.com

== Cyclone
':’ y DDS

https://cyclonedds.io


https://www.dds-foundation.org/
https://www.omg.org/
https://docs.ros.org/
https://www.eprosima.com/
https://cyclonedds.io/
https://www.rti.com/

DDS2| QoS
DDS & QoS

DDS QoS

(Quality of Service)

(Data Distribution Service)

= DDSSH9 FAE ZT¥ol= dECE, HAX| MELY, W7d, XE N
= ROS2 7|2 S DIEHOZ Y AH gl0] 24t HIEI0IA H|OIEIS w8 |= DDSE Sdli Sil FES == Y4

4>
on
1o
=}
]

7H4
= DDS=ROS29| 7|2 EA IZESE * QoSdMo| mz2t DDSS| SZf WA|0| H2tX|H 2t o= 2|AHI0| M0 U= HsS X5t
» YEQ3 A S8 T2 0| QFALSH| M2t XA St QoSE MHalof &t
* QoS F2 MX6EE
Ex AIAIZH CIO|E &S 9|5 DS BEX, ROS22| EA7|EI0| K= 1A 7|2 Reliability(A2|A), Durability(Li74), History(HIO|E{ X% 7<),

Lifespan(3=3), Deadline(HI=2t2l), Liveliness(&4 AEH)

Publisher-subscriber 2 &
« BEST_EFFORT + VOLITILE : 7|2} QAF AER|QI(AAIZIY @M, Qe majo] 241 Ths)
= Brokerless(ZY At 913) i
7|E} _ * RELIABLE + TRANSIENT_LOCAL : 22 MA H|0|E(™akst =41 HE, 2|4 H0|E {X])
= XIS LH(Discovery) : HIEYIAQ LES0| MZE AHSOZ Q14511 HiZ - _
N = KEEP_LAST(10 + LIFESPAN(s) : 6x S0t Z|41 107H2] C|0|E{ & | X|6}= MIA{ C|O]E

M
|2} ga 955 =3

0x
—t

r|r

= MEY & EHYY : OYE QoS 8FS Sl

export RMW_TMPLEMENTATION=rmw_cyclonedds cpp

ros2 run demo nodes cpp talker

\ Gurum
A (= o G Networks 1T WINOAKS n
(ti Anoumic GEPROSMA (ECLIPSE (B | BE COMPUTING® oueer comorne

YOUR CUTCOMES ENGINEERED


https://www.rti.com/

DDS2| QoS

rmw._gos_profile AFZ1H R4 QoS 2 ALZ

gos_profile

= G2 S0], MAQ Z0] X|£M0] EOH =2IXOZ H|0|EE H2H| MEsH0f 5= AL ofzlet 20| MY

static const rmw_qgos_profile_t

{

2,




DDS2| QoS
rmw._gos_profile AFZ1H R4 QoS 2 ALZ

St

gos_profile
= AlY| DfOM TEOM A2 CI21t 20| 'qos_profile_sensor_data' 2 &S importst0] A2

.qos 1mport
, 'sensor',

.create_publisher(

.sensor_publisher




DDS2| QoS

rmw._gos_profile AFZ1H R4 QoS 2 ALZ

= ARH F2let rmw_qos_profile 0|2/ FX7t %E 28610 Mz== Z=IHA
= Of2iet Z2 QoS B== import

.RELIABLE,
.KEEP_LAST,

.VOLATILE)



DDS2| QoS

rmw._gos_profile AFZ1H R4 QoS 2 ALZ

] QoS E =1t
= [}=2 ‘create_publisher?t Z2 et Al2e I 'rmw_qgos_profile’ Li&l §X{7t Ho|st HAH

QoS Z2IAS W/Hs= AL

.create_publisher( , sensor',

* 74 QoS L=IIUS ALZstk= 20| HAEOIO0[F0| Z0[s}7| =0, 2X 7HE Al T 0| AHZE

>



QoS

= Topic, Service, Action2] QoS &4
-» QA ZE S22 QoS =143 I

x ot A : py_pubsub_gos.zip

=
[Lm

M
o

o[>



QoS Programming

Topic, Service, Action2| QoS A

= Topic?| 7|2 QoS AHS RMW QoS Profile?] 7|& M1} £
= Reliability’= RELIABLE , History= KEEP_LASTO| Depth = 108 20 Durability= VOLATILEO| 7|&
= H{ESH I§7|X| ex_calculator?] GA|E EH Ct21} LS

ex_calculator/ex_calculator/arithmetic/argument.py

.RELIABLE,
.KEEP_LAST,

.VOLATILE)

.arithmetic_argument_publisher = .create_publisher(

?

‘arithmetic_argument',

)




QoS Programming

Topic, Service, Action2| QoS A

Service

= ROS2 Service?| 42, EYct HO|A 20l= 7|2 QoS AlE

= /opt/ros/humble/local/lib/python3.10/dist—packages/rclpy/node.py = line 1436~1444

def create service(

?

!’
: str,

[L




QoS Programming
Topic, Service, Action2| QoS A
glol & 4 9

i |

= qos_profile_services_default= RMW2| qos_profilesz} types.h &l I 0f|Af

= /opt/ros/humble/include/rmw/rmw/qos_profiles.h = line 64




QoS Programming

Topic, Service, Action2] QoS &4

qos_profiles.h [Read-Only]

Open ~ [+1 Jopt/ros/humblefinclude /rowy rmw = - = *
12 #ifdef __cplusplus
19 extern "C"
9 {
21 #endif
23 #include "rmw/types.h”
5 static const rmw_gos_profile_t rmw_gos_profile_sensor_data =
26 {
7 RMW_QOS_POLICY HISTORY KEEP_LAST,
3,
5 RMW_QOS_POLICY RELIABILITY BEST EFFORT,
7 RMW_QOS_POLICY DURABILITY VOLATILE,
1 RMW_QOS_DEADLINMNE_DEFAULT,
2  RMW_QOS_LIFESPAN_DEFAULT,
RMW_QOS_POLICY_ LIVELINESS SYSTEM_DEFAULT,
4 RMW_QOS_LIVELINESS LEASE_DURATION DEFAULT,
5 false
51;
38 static const rmw_qos_profile_t rmw_qos_profile_parameters =
39 {
9 RMW_QOS_POLICY HISTORY KEEP_LAST,
1 1000,
2  RMW_QOS_POLICY RELIABILITY RELIABLE,
RMW_QOS_POLICY DURABILITY_VOLATILE,
4 RMW_QOS_DEADLIME DEFAULT,
RMW_QOS_LIFESPAN_DEFAULT,
RMW_QOS_POLICY LIVELINESS SYSTEM_DEFAULT,
7 RMW_QOS_LIVELINESS_LEASE_DURATION DEFAULT,
1 false
ok
51 static const rmw_qos_profile_t rmw_gqos_profile_default =
52 {
C/ObjC Header ~ Tab width: 8 ~ Ln 36, Col 3 ~ INS



QoS Programming

Topic, Service, Action2| QoS A

Service

= gos_profile_services_defaulte= RMW2| qos_profiles} types.h &l DIIU0A =HQIst £ US

= /opt/ros/humble/include/rmw/rmw/types.h




QoS Programming

Topic, Service, Action2] QoS &4

OH A

= L

S BT} MHIAS B A5t 28 HEf

OHM EIIO| AL qos_profile_services_defaultE 7|2 M
i T =2|A 2] AL QoSProfile (depth = 10) 2 rmw_qgos_profile_defaultE X7|Z/2Z At
AEf HE2|MQ AL, ME T=OIUQI qos_profile_action_status_defaultE 7|22 E AlE

ojo|Mol AL, goal_service_qos_profile, result_service_gos_profile, cancel_service_qos_profile,
feedback_pub_qgos_profile, status_pub_qos_profile0| st 7|2 MHE Al

/opt/ros/humble/local/lib/python3.10/dist—packages/rclpy/action/server.py



QoS Programming

Topic, Service, Action2| QoS A%X

= /opt/ros/humble/local/lib/python3.10/dist—-packages/rclpy/action/server.py

class ActionServer(Waitable):
"""ROS Action server."""

def _init_ (
self,
node,
action_type,
action_name,
execute callback,

*,

callback_group=None,

goal_callback=default_goal_callback,

handle_accepted callback=default_handle_accepted callback,
cancel callback=default cancel callback,
goal_service_qos_profile=qos_profile_services_default,
result service qos _profile=qos profile services default,
cancel_service_gos_profile=qos_profile_services_default,
feedback pub_qos_profile=QoSProfile(depth=10),
status_pub_gos profile=qos profile action status _default,
result _timeout=900




QoS Programming

QOS AIA

Al
=F=

+ 67HX| QoSOl ThaH 4125

I T o

ROS20iM 7[2X2
History
Reliability
Durability
Deadline
Lifespan

Liveliness

2 HM|35t= 2 QoSE 0|2561¢, QoS AH™ 4k

|.

Hotof| HE Z 1

flIIHJ



QoS Programming
QOS Al

BIAIXIE 2 FW7HR| O RIS S5t &

= HO|E M& A|H 0| 22t H|0|Ee] MAS d™Hol= M
= KEEP_LAST: DepthZ %5t 0tZ At0|=2| G|O[E E2H(EZ F 7H 7HK[TE K1)
= KEEP_ALL: 2Z O|O[E{ HZHA|AR M2 2| SHETLK])

= H|3= 'py_pubsub’ ZEE £83510{ History QoS 4H A&

= Publisher?t Subscriber?| QoS T2 4= HY



History

py_pubsub/src/publisher_member_function.py &%

Repository 244
= gos_ws/src ELE UIE 2 ol EHE 0|

mkdir -p qos_ws/src
cd qos_ws/src/

unzip QoS.zip

>
>



History

py_pubsub/src/publisher_member_function.py &4%H
QoS profile HE

= Publisher0l= QoS(Quality of Service) ZZ2IAUO| 7|2ZtC 2 rmw_qgos_profile_defaultZ At
= 'create_publisher'@| 3t CIXI0f| 102 20{FH, depth?t 102! 7|2 T2} 'QoSProfile(depth=10)'0] Y2E= X

class MinimalPublisher{Node):

def init (self):
super{). init ('minimal publisher®)
self.publisher = self.create publisher(5tring, 'topic’, 18)

timer period = @.5 # seconds
self.timer = self.create timer(timer period, self.timer callback)
self.i = @

def timer callback{self):
msg = String()
msg.data = "Hello World: %d' % self.i
self.publisher .publish{msg)
self.get logger().info( Publishing:
self.i += 1

"

%5 % msg.data)

>
>


https://docs.ros.org/en/rolling/p/rmw/generated/variable_qos__profiles_8h_1ae23f27b673c4651749246f052bab52f4.html

History

py_pubsub/src/publisher_member_function.py 84X

QoS profile HZE
= History2| 242 KEEP_LASTZ HZ5t0 HCHH CHS O 20| 24

qos_profile = QoSProfile(

reliability=QoSReliabilityPolicy.RELIABLE,
history=QoSHistoryPolicy.KEEP_LAST,

depth=10,
durability=QoSDurabilityPolicy.TRANSIENT_LOCAL)

KEEP_ALLZ HZo11 ACIH

qos_profile = QoSProfile(

reliability=QoSReliabilityPolicy.RELIABLE,
history=QoSHistoryPolicy.KEEP_ALL,

depth=10,
durability=QoSDurabilityPolicy.TRANSIENT_LOCAL)

>
>



py_pubsub/src/publisher_member_function.py 4%

= XtMSEQoS profile2 X &5, create_publisher 220 X435t qos_profileS QIXIEZ ME

= O] OIX|0M= History 22 KEEP_ALL=Z 47851 HIAE
= publisher tEE Al3i5t & 5HEHO| X|LHE 2= H|0|E{7} subscriber®|AH| &

HEE=X] 22l

ks
>



>
>

History
py_pubsub/src/publisher_member_function.py

15 import rclpy
16 from rclpy.node import Node

18 from std msgs.msg import String

21 from rclpy.gos import QoSDurabilityPolicy
22 from rclpy.gos import QoSHistoryPolicy
e from rclpy.gos import QoSProfile

]I-I%El*:l QOS profile E%:)I 'j from rclpy.gos import QoSReliabilityPolicy

qos_profile = QoSProfile(

- RG'IGbI'ItYE RELIABLE= “d?é :: reliability-QoSReliabilityPolicy.RELIABLE,
- 28 history=QoSHistoryPolicy.KEEP_ALL,
= History= CIA| KEEP_ALLZ HE 2 depth-10,

38 durability=QoSDurabilityPolicy.TRANSIENT LOCAL)

= DurabilityS TRANSIENT_LOCALZ HE& -

class MinimalPublisher(Node):

35 def dinit (self):
i super(). init {'minimal publisher')
self.publisher = self.create publisher(String, ‘"topic', gos_profile=qos_profile}
38 timer _period = @.5 # seconds
38 self.timer = self.create timer(timer period, self.timer callback)
48 self.i = @

42 def timer_callback(self):
43 msg = String()

- AAIS HiKlS -
= RELIABLE: —== OI.XIOl'J_'— AI—lglE 44 msg.data = 'Hello World: %d' % self.i
45 self.publisher .publish(msg)

- KEEP_AI—I— : E§ E”OIE'1 E:Il—l- 46 self.get logger().info( Publishing: "%s"' % msg.data)

a7 celf.i += 1

= VOLATILE: SubscriptionO| #-M%|7| ™ H|O|H = Hzt

mujn

S4A

oo



History
py_pubsub/src/subscriber_member_function.py 4H

import rclpy
from rclpy.node import Node

>
>

. from std msgs.msg import String
QoS profile HA
from rclpy.qos import QoSDurabilityPolicy
O A—lEﬁﬂEl-OlH—IO-”E DI-E7|-I|§, QOS EE]I"OE'% I_'!% from rclpy.qos import QoSHistoryPolicy

from rclpy.qos import QoSProfile
from rclpy.gqos import QoSReliabilityPolicy

qos_profile = QoSProfile(
reliability=0Qo5ReliabilityPolicy.RELIABLE,
history=QoSHistoryPolicy.KEEP ALL,
[ 28 A3 ] e S
durability=0oSDurabilityPolicy.TRANSIENT LOCAL)
= FIH|2}7} 0.01=0tCH AFRIS Publishing, Subscriber= El2{d Inference 0.1% AQ

- Z|2 574 HIO|HTF HIHY| XMEGHSELD 1 0| 0| HE class MinimalSubscriber(Node):

= 2Z0| Z& HH(move to waypoint)E ELHL U= Z2 StLiEt: HAXIE SX[H 24 def __init_ (self):
super(). init ('minimal subscriber')
self.subscription = self.create subscription(

M > O|If KEEP_ALLE 2= E||0|E‘|(Waypoint) Hat

String,
- HiE2| 2, 2% MA BLER S > 21 0|ZH0|E Bt X2 AIAIZH ST AtEfet S
- - 1f.listener_callback
LIE{2l 8l Al 742 > Jp&F E|Al HA|X| 17HOt HES =€ — :
L) | 10 °|'J— o oT > |'o ||_ |:|'|| | | 1 HI_ (== q05_prufile=qn5_pr‘nfile}
self.subscription # prevent unused variable warnin

def listener callback(self, msg):
self.get logger().info('I heard: "%s"' ¥ msg.data)

i

# O

0



000
colcon build
= Talker &l

ros2 run py_pubsub talker

= Listener !l (Talker2] Publish MIA|X|Z} 107} C

ros2 run py_pubsub listener



History

History Z1}

Talker

[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]

20|

- L

[minimal publisher]:
[minimal_publisher]:
[minimal_publisher]:
[minimal_publisher]:
[minimal publisher]:
[minimal publisher]:
[minimal publisher]:
[minimal publisher]:
[minimal_publisher]:
[minimal_publisher]:
[minimal publisher]:
[minimal publisher]:
[minimal publisher]:
[minimal publisher]:
[minimal_publisher]:
[minimal_publisher]:
[minimal_publisher]:
[minimal_ publisher]:
[minimal publisher]:
[minimal publisher]:
[minimal publisher]:
[minimal_publisher]:
[minimal_publisher]:
[minimal_publisher]:
[minimal_ publisher]:
publisher]:

minimal

% QosHistoryPolicyS KEEP_ALL} KEEP_LASTZ 42

Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:

QoSHistoryPolicy %

KEEP_ALL

KEEP_LAST

[mlnlmal publlsher]
[minimal publisher]:

[minimal publisher]:

Publishing:
Publishing:
Publishing:

"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:
"Hello World:

Depth 2g0{%

X
(2A/8)

o

(4 473)
"Hello World:
"Hello World:
"Hello World:

3gn
39”
40"

Listener

[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]

(S|

[INFO]
[INFO]
[IMNFO]

HFoHA| build £

[minimal subscriber]:
[minimal subscriber]:
[minimal subscriber]:
[minimal subscriber]:
[minimal subscriber]:
[minimal subscriber]:
[minimal subscriber]:
[minimal subscriber]:
[minimal subscriber]:
[minimal subscriber]:
[minimal subscriber]:
[minimal subscriber]:
[minimal subscriber]:
[minimal subscriber]:
[minimal_subscriber]:
[minimal_subscriber]:
[minimal_subscriber]:
[minimal_subscriber]:
[minimal_subscriber]:
[minimal_subscriber]:
[minimal_subscriber]:
[minimal_subscriber]:
[minimal_subscriber]:
[minimal_subscriber]:
[minimal_subscriber]:

HIAIR] KA

BE HAMXIE M

(RMWO| o2} X}0l= AX|2E AIAE H=22]0f 2|5 XSt

Z|Z2 depth 7H=2F X

E;l;laal subscrlber]
[minimal subscriber]:

[minimal subscriber]:

Al
=

AASHA H|ulolE 7]
I heard: "Hello World:
I heard: "Hello World:
I heard: "Hello World:
I heard: "Hello World:
I heard: "Hello World:
I heard: "Hello World:
I heard: "Hello World:
I heard: "Hello World:
I heard: "Hello World:
I heard: "Hello World:
I heard: "Hello World:
I heard: "Hello World:
I heard: "Hello World:
I heard: "Helle World:
I heard: "Helle World:
I heard: "Helle World:
I heard: "Helle World:
I heard: "Helle World:
I heard: "Helle World:
I heard: "Helle World:
I heard: "Helle World:
I heard: "Helle World:
I heard: "Helle World:
I heard: "Helle World:
I heard: "Helle World:
: I heard: "Hello World:
: I heard: "Hello World:
: I heard: "Hello World:
: I heard: "Hello World:
: I heard: "Hello World:
: I heard: "Hello World:
: I heard: "Hello World:
: I heard: "Hello World:
: I heard: "Hello World:
: I heard: "Hello World:
: I heard: "Hello World:
: I heard: "Hello World:
: I heard: "Hello World:
I heard: "Hello World:
I heard: "Hello World:
I heard: "Hello World:

f>

gn

im

Zu

3m

4n

L

B"

ri
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gn
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11m»
12w
13m
14»
15®
16"
17"
18n
1gn
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22n
23n
24"
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27"
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31n
32m
33n
3qn
35"
3IR"
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QoS Programming
QOS Al

Reliability HAIKIS 0Ht M2 QA HLEXIE AHsHs S M

42 YX[oIHM MEEE QUA(TE 2F) : RELIABLE
A

= TCPHME &
A2 ZIO0k5HT EAM 25 E QMA|(H|0|E QA &, AA|ZH) : BEST_EFFORT

= UDPXE

= O OfH[oM = QMO = HERT &4S st F, BEST_EFFORTE %
= ROS20{A 7|2XO 2 HZ5H= 'demo_node_cpp' I7|X|E &&

]

[ &8 At ] [&S A ]
= BEST_EFFORT(f7to| 2412 ZtAGIC2tE K| Q= HIZ X2|7t O =95 AQ) = RELIABLE(ZE HA|X|= HIEA| MEE|0{0F Stz E9)
O iz} S& AEZ|YU(frame B 7 FEEOE HES O =22 X0 H(STOP, TURN, MOVE)
@ LiDAR MlA HO]E @ X|&= H|0|E M&(SLAM map)
® FHZ HAIZE H2| M ® 118 ™X| A& (Emergency Stop)
@ EE Y3 @ MAHE =X IF MU A=



Reliability

v Reliable HAE

- HAOE Sot 40|y =4 HH
- OIH.J HMHAE 45%9Q] 2AZ MX > o« 1 =0l e

sudo tc qdisc add dev 1o root netem loss 45%

= Best effort M2 Listener &3l (Listener HX| AlsH)
00
ros2 run demo_nodes _cpp listener best effort
= Talker &<t

ros2 run demo_nodes_cpp talker



Reliability

Reliable Z1}

Talker

2|0

= L.

user@user:~% ros2 run demo_nodes cpp talker

[INFO]
[ INFO]
[ INFO]
[INFO]
[ INFO]
[ INFO]
[INFO]
[ INFO]
[INFO]
[INFO]
[ INFO]
[INFO]
[INFO]
[ INFO]

Listener

[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:

Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:

'Hello
'Hello
'Hello
'Hello
'Hello
'Hello
'Hello
'Hello
‘Hello
'Hello
'Hello
‘Hello
'Hello
'Hello

user@user:~% ros2 run demo _nodes cpp lListener best etfort

[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]

e —

[Listener]: I heard:
[Listener]: I heard:
[Listener]: I heard:
[Listener]: I heard:
[Listener]: I heard:
[Listener]: I heard:
[Listener]: I heard:

[Hello
[Hello
[Hello
[Hello
[Hello
[Hello
[Hello

World:
World:
World:
World:
World:
World:
World:
World:
World:
World:
World:
World:
World:
World:

World:
World:
World:
World:
World:
World:
World:

00 =] O LA s L B

R = Ts
Bk = o -

6]
7]
8]
9]
10]
11]
12]

>
>



Reliable Z1} =t0]

Listener/t TN 2|0, Talker/t 27 |Z 7[0S
2Lt HIOfE] A0 2lo 1 ~ 52| C|O|E{ 7t &4
Listenere= &A1= H|0|E{E HIX| 251 ZHuIZE 19|

— - = — b |

A Of
™ M

L
i

%5 A HEYT SAS QsH HOE 24 B x7|5)
H24010| add 2ES deleteR HZ5HH 2

Y

ks
>




Reliability

Reliable

HIOolH &4 33

17} 20|

Hol §l0

=1 = =

-

= Listener?t Talke

Listener

user@user:~/qos_ws$ ros2 run demo_nodes_cpp

[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]

Talker

[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]

rs LAl &

[listener]: I heard:
[listener]: I heard:
[Listener]: I heard:
[Listener]: I heard:
[Listener]: I heard:
[listener]: I heard:
[listener]: I heard:
[Listener]: I heard:
[Listener]: I heard:
[listener]: I heard:
[listener]: I heard:

[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:

o°="

user@user:~/qos_ws$ ros2 run demo nodes cpp talker
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:

of¢{ H|0|H

[Hello
[Hello
[Hello
[Hello
[Hello
[Hello
[Hello
[Hello
[Hello
[Hello
[Hello

"Hello
"Hello
"Hello
"Hello
"Hello
"Hello
"Hello
"Hello
"Hello
"Hello
'"Hello

A
=

I;

listener_best_effort
World:
World:
World:
World:
World:
World:
World:
World:
World:
World:
World:

World:
World:
World:
World:
World:
World:
World:
World:
World:
World:
World:

3307t Mtz =4

1]
2]
3]
4]
5]
6]
7]
8]
9]
10]
11]

[l il = I+ = I o1 I R = S T I S
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QoS Programming
QOS Al

Durability Publisher7 2'Hl HIA|X|S 0t 22 XESHA MER Subscriber0iAl & 2217t

= Subscriber7} M E|7| M, HI0|E|IE AM2EHA| I|7|& X|0f CHSt QoS SM
= TRANSIENT_LOCAL : Publisher?} OfX[2fQ 2 HH HIA[X|IS HIZ22]|0| XZ ME Subscriber?t HZE|H HMY(Publishertf| Tt H271s)
» VOLATILE : SubscriberZ} 9¥ZE|7| M H|O|E{= AI26HK] &1 HE, M2 HZEH MEL HA|X|EE B2

= ‘py_pubsub’ I{7|X|}A QoS E2MAUS HASI0 M

= VOLATILE 2 &X5l= 0| x| Al

[ 2& At ] [ E& Aty ]

= TRANSIENT_LOCAL = VOLATILE
() MZ2 Subscriber’t %S X|F 2IXi =222 HHE L1 #S I O DA G4 T2 90)7} giid HAIZE Z YT & NS
2 SLAM = &4 E MZ Publishing ol= == (@) Publisher : /camera/image_raw

© US0 S0z HIB[A0lY 271 BS &0t0f o= E2 @) Subscriber : B4 Viewer



Durability
py_pubsub/src/publisher_member_function.py 4%

~ import rclpy
from rclpy.node import Node

>
>

from std msgs.msg import String

from rclpy.qos import QoSDurabilityPolicy
from rclpy.qos import QoSHistoryPolicy
from rclpy.qos import QoSProfile

from rclpy.qos import QoSReliabilityPolicy

~ qos_profile = QoSProfile(
reliability=0Qo5ReliabilityPolicy.RELIAELE,

. history=QoSHistoryPolicy.KEEP LAST,
I[-IEEIA:I QOS prOflle E%:DI depthj@, ! !
) durability=QoSDurabilityPolicy.VOLATILE)
= History= CfA| KEEP_LAST=Z HE
- durab”ﬂy% VOLAT”_EE chq ~ class MinimalPublisher(Node):

v def init (self):
super(). init ('minimal publisher')
self.publisher = self.create publisher{String, 'topic', gos profile=qos profile)
timer period = 8.5 # seconds
self.timer = self.create timer{timer period, self.timer callback}

self.i = @
= KEEP_LAST : Hol Tl HIAIX| 7 AtO|Z2HZ C|O|H 22
v def timer callback({self):
= VOLATILE : Subscriber?} -dE|7| ™ H|0|E|= A0t S msg = String()

msg.data = "Hello World: #d" % self.i

self.publisher .publish({msg}

self.get logger().info( 'Publishing: "%s"' % msg.data)
self.i += 1



Durability

v "HE S py_pubsub &l

s HIC

colcon build

= Talker it
X X )

ros2 run py_pubsub talker

= Listener &3l (Talker2] Publish HIA|X|Z

ros2 run py_pubsub listener



Durability E|AE

ros2 run py_pubsub talker
[minimal publisher]:
[minimal_publisher]:
[minimal_publisher]:
[minimal_publisher]:
[minimal_publisher]:
[minimal_publisher]:
[minimal_publisher]:
[minimal_publisher]:
[minimal_publisher]:
[minimal_publisher]:
[minimal_publisher]:
[minimal publisher]:
[minimal_publisher]:
[minimal_publisher]:
[minimal publisher]:
[minimal_publisher]:

[minimal_publish
[minimal publish
[minimal_publish
[minimal_publish
[minimal publish
[minimal_publish
[minimal_publish
[minimal publish

[minimal_publishery-
[minimal publisher]:

Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:

VOLATILE

TRANSIENT_LOCAL

PO L Lol LTy .

Publishing:

i 2t

ks
>

| -

ros2 run py pubsub Listener

"Hello wWorld: @ [minimal subscriber]: I heard: "Hello World: 17"
:HELIG ”“rldf = [minimal subscriber]: I heard: "Hello World: 18"
“:E%{G Enr{g: gn [minimal_subscriber]: I heard: "Hello World: 18"
neLro worios = [minimal_subscriber]: I heard: "Hello World: 2o
Hello World: 4 o ,

" D e [minimal_subscriber]: I heard: "Hello World: 21
Hello World: 5 __ ) . ,
wgello World: 6" [minimal_subscriber]: I heard: "Hello World: 22
nHello World: 7" [minimal_subscriber]: I heard: "Hello World: 23"
"Hello World: 8" [minimal subscriber]: I heard: "Hello World: 24"
"Hello World: g" [minimal subscriber]: I heard: "Hello World: 25"
"Hello World: 18" b =

"Hello World: 11"

"Hello World: 12"

"Hello World: 13"

"Hello World: 14"

"Hello World: 15"

X
(2A/8)

Z|Z depth =2t RX|

MELLY WUl LW, £%

"Hello World: 25"



QoS Programming
QOS Al

History2t Durability2] 24|

e = Ot B2 HAXI(R 7H)E 22E? * MZ S&¢et Subscribertf|A| O] HIAXIZE EX| AZEXIE BH

= VOLATILE : {22 HIA[X|2H &S
= KEEP_LAST : OtX|2t n7H X{ZH(Depth)

5 : * TRANSIENT_LOCAL : Publisher?} z|2 &aliSt HIA|X| XZ6t1l LSH S&8t SubscriberOf| A HIAIX] ELK
= KEEP_ALL : 7ts%t B HA|X] X%
Z(H4= HistoryOl A ZAH)
Al = VOLOTILE + KEEP_LAST(10) = Publisher= =2 1071 HIAIX| X%, New Subscriber?} LI=0f| 29 MH? 117 H|0|E £ B
A

= TRANSIENT_LOCAL + KEEP_LAST(10) - Publisher= Z|2 107§ HIAIX] K&, New Subscriber?} LIE0| 22H? %2 107HF 7+sS HIA|IX| CHA| ELHE

= MM AEZ|Y(LIDARS) > VOLATILE + KEEP_LAST(depth XY3])
Al [= Q6 ZXIABHZADT/N2{HIAIX]) & TRANSIENT_LOCAL + KEEP_LAST(1 ~ & 7H)
= X7| M HH(M H|0|E, Config) > TRANSIENT_LOCAL + KEEP_ALL(HIZ22| BiR U= ER)

% Durability?t TRANSIENT_LOCALO|0{0F New Subscriber7} 2tA HA|XIE &g 4= UCH L0t} B 4 A=X|E= History(Depth)ol| @2}



QoS Programming
QOS Al

57! AIZE QL0 MAIX|7} SRISHOF BICY, MRS AIZE L SRISHA| QOB OHIE wry

Mol|Zl =7| LY G|O|E{e] Al &l £=A0| S A<, EventCallback gt

2dol= QoS =

= ROS29| 7|2 m{7|X] quality_of_service_demo?2| deadline.py Ci|H| AI{H 7|

/opt/ros/humble/lib/python3.10/site—packages/quality_of_service_demo_py/deadline.py

[ 28 Al ]

100msOtCH M 242 Publishingdlis =71 Ml

Subscriberis MA7H 2| QUTHE A & 4 US > MAT HOE ZA|

29| Heartbeat = H|0] B : Robot0] YH F7|2 AMOIRICH: HIAIXIS ELHOF 5t7Lt 500ms 04 ZOIX|H 222 oA HEOF & £2 Q3.
500ms St M22 HH0| gO™ 250| Emergency Stop ZEZ MtsH0f & =

81X}9] Vital Sign EI0|E{= X=7|MO 2 8r0j0f sH= DLIE{Z) AJAE! > GIO|E{7H U 27| 0|AH ZOIX|TH ZA| ZT Ay

—

TIXOZ 1% E0 H|0|E2 2 HLHCHH

x

o;g
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deadline.py — main &=

def main{args=None):
parsed args = parse args()
rclpy.init{args=args)

[ quality_of_service_demo_py

= | common_nodes.
T _| Py

topic = 'gos deadline chatter'
deadline = Duration(seconds=parsed args.deadline / 1008.0)

gos profile = QoSProfile(
depth=18,

deadline=deadline) - Incompatiblis.py

subscription callbacks = SubscriptionEventCallbacks(
deadline=lambda event: get logger('Listener').info(strievent}))
listener = Listener(topic, gos profile, event callbacks=subscription callbacks})

publisher callbacks = PublisherEventCallbacks(
deadline=lambda event: get logger('Talker').info(strievent]))
talker = Talker(topic, qos profile, ewvent callbacks=publisher callbacks)

publish for seconds = parsed args.publish for / 1000.0
pause Tor seconds = parsed args.pause for / 18008.0
pause timer = talker.create timer(

publish for seconds,

lambda: talker.pause for({pause for seconds))

executor = SingleThreadedExecutor()
executor.add node({listener)
executor.add node(talker)
try:
executor.spin()
except KeyboardInterrupt:
pass
except ExternalShutdownException:
sys.exit(1)

finally: -
: deadline. Read-Onl
rclpy.try shutdown() Saciue py Imac ey




Deadline

" =
deadline.py &4
77| 44
= ‘parsed_args.deadline'® Soll AlEAt7} Mojot F£I|E A
= 'Duration’ ZiH|2 7| YHE = ¥ 'deadline’?] MY

RL— T

= OROF deadlines 0022 MM A, 500/1000= = 0.b=2 MMHE|= FE

deadline = Duration(seconds=parsed_args.deadline / 1000.0)

QoS BE=If A3

= deadline QIX}0]|, 'Duration’ ZHH|Z2 M=l H2x 'deadline’ S

= O

qos_profile = QoSProfile(
depth=10,
deadline=deadline)

>
>



Deadline

deadline.p =4
Callback &t MA U Talker, Listener M1

subscription_callbacks = SubscriptionEventCallbacks(
deadline=1lambda event: get logger('Listener').info(str(event)))
listener = Listener(topic, qos_profile, event callbacks=subscription_callbacks)

publisher callbacks = PublisherEventCallbacks(
deadline=1ambda event: get_logger('Talker').info(str(event)))
talker = Talker(topic, qos profile, event callbacks=publisher callbacks)

Timer2 Publishing/Pause = MX

publish for seconds = parsed args.publish for / 1000.0
pause for seconds = parsed args.pause for / 1000.0
pause timer = talker.create timer( # noqga: F841
publish for seconds,
Llambda: talker.pause for(pause for seconds))

= Talker?} publish_for_seconds Z9 HIA|X|2 £ C}2 pause_for_seconds St &alS H= > O|=XMO 2 deadline PIEHAESH EHAHA|Z

>
>



Deadline

E{0|=0|A] Deadline D2 AlsH
Deadline 0.7=, 0|O|E diell 7|7t 3=, LA| AX| O== AHol|EH X}

0t

ros2 run quality of _service _demo _py deadline 700 —--publish-for 3000 --pause-for 0

= deadline 700 : deadline A[ZF 700ms

= publish=for : talker7t & =7t Bt3listx|

= pause-for : talker7t ¥ &7t HEX|

= AlSH Al /qos_talker®@t /qos_listener .= =7} a4 Al

= 0.7% U GO|E{7} $AIEX| 942 AL EventCallback &t~ Alal

= 3= SO0l 7t EAlET 0= S LA[EX|0[7] =0, Z= € S810| HIO|HZ Eil

>
>



Deadline
E{0|=0j|A] Deadline O|2 AlsH
Deadline 0.7, C|O|E{ &3l 7|7t 3%, UA| MX| 0X2 MXs|EA}

ros2 run quality_of_service_demo_py deadline 700 —-publish-for 3000 --pause-for 0

Al A4}
A ——
= OO|E7t & E.I0] Al & A7 IZ0 OME &+ S=0| E[X| 5

[INFO] [1728272614.642792502] [qos_listener]: Subscription created
[INFO] [17 614.645001165] [qos_talker]: Talker starting up
[INFO] [17 615.145716049] [qos_talker]: Publishing: Talker says 0
[INFO] [17 615.1461147282] [qos_Llistener]: I heard: Talker says 0
[INFO] [17 615.645722276] [qos_talker]: Publishing: Talker says 1
[INFO] [17 615 646072222 ] [qos_Llistener]: I heard: Talker says 1
[INFO] [17 E16.145720207] [qos_talker]: Publishing: Talker says 2
[INFO] [17 E16.146112552] [qos_listener]: I heard: Talker says 2
[INFO] [17 E16.645710427] [qos_talker]: Publishing: Talker says 3
[INFO] [1728979616.6460590855] [qos_listener]: I heard: Talker says 3
[INFO] [172: 617.145752251] [qos_talker]: Publishing: Talker says 4
[INFO] [17 617.146142225] [qos_Llistener]: I heard: Talker says 4
[INFO] [17 617.645710215] [qos_talker]: Publishing: Talker says 5
[INFO] [17 £17.646115721] [qos_listener]: I heard: Talker says 5
[INFO] [17 £17.646266257] [qos_talker]: Publishing: Talker says 6
[INFO] [17 617 =42757] [qgos_listener]: I heard: Talker says 6
[INFO] [17 G 1 . [qos_talker]: Publishing: Talker says 7
[INFO] [17 618. ; [qos_listener]: I heard: Talker says 7
[INFO] [1728973618.64686 [gos_talker]: Publishing: Talker says 8

>
>



Deadline

E{0|=0j|A Deadline G| 2 4AlsH
3=, €Al HX| 1== Aol E X}

Deadline 0.7=, H|O|E{ &3l 7|2t

000
ros2 run quality of _service _demo_py deadline 700 —-publish-for 3000 --pause-for 1000

2 QIQMO 2 deadlineS HO{EX}

ot A EICHH Ot 17} LIQ=X| &0l

JW'

>
>



Deadline

E{0|20|AM Deadline H|2 AlsH
Deadline 0.7:%, G|O|E{ S5l 7|7t 3%, YUA| MX| 152 MASHEX}

>
>

ros2 run quality_of_service_demo_py deadline 700 --publish-for 3000 --pause-for 1000

[INFO] [172:

[INFO]

[INFO] [1
[INFO] [
[INFO] [
[INFO] [
[INFO] [
[INFO] [1

[INFO]

[INFO] [1
[INFO] [1
[INFO] [1
[INFO] [1
[INFO] [
[INFO] [

[INFO] |

[INFO] [
[INFO] [1
[INFO] [1
[INFO] [1
[INFO] [1
[INFO] [1

[INFO] |

[INFO] [1728979916.07

279] [gos_listener]: Subscription created

[gos_talker]: Talker starting up

1 [qos_talker]: Publishing:

[gos_listener]: I heard:

17: [gos_talker]: Publishing:

[gos_listener]: I heard:

d-: [gos_talker]: Publishing:

[gos_listener]: I heard:

1 [gos_talker]: Publishing:

[gos listener]: I heard:

15: [gos_talker]: Publishing:

[gos_listener]: I heard:

ij: [gos_talker]: Publishing:

rnnc lictanarl T haard-

FTooe #allacTl. mobd 3ol

I S ——

[qoleistéhéf]f>i>HééEﬂ?r

‘u: [gos_talker]: Publishing:

[gos listener]: I heard:

-;: [gos_talker]: Publishing:
24] [gos_listener]: I heard:

[gos_talker]: Publishing:

;:: [gos_listener]: I heard:

Talker says @
Talker says 8 [&I R
Talker says 1 (28]

Talker says 1 i MM AI25HH
Talker says 2 Deadline QOS SEe= M.ool-'_

Talker says 2 Emgo xax| A7t OL0) Publishing 251Lt SubscribingstX| 28t I,
(=)
=

Talker says 3
Talker says 3 E SHH StA === Ex =E
Talker says 4 O[HIE S gt 250610 § I
Talker says 4
Talker says 5

Talkar cauwe 5

2:: [Listener]: <rclpy._rclpy_pybindi1l.rmw_requested_deadline_missed_status_t object at 0x72ec69007170>
21 [Talker]: =rclpy._rclpy_pybindll.rmw_offered deadline_missed status_t object at Ox72ec669d2870=
M bl 5 n s T

e mmnee =
TeooyTet

Talker says 6
Talker says 7
Talker says 7
Talker says 8
Talker says 8
Talker says 8
Talker says 9



QoS Programming
QoS Al Al

Lifespan HAIXIS] QE717HA)S XIH5Hs M. Publisher7} HO[E| a3t 27H-4E] lifespan0] X|L2 1 HO[E= 2

= HollZl 7| | =¢1%l= HIOJETt & T, 0|2| H|0|E = AHlol= QoS &4
= ROS29| 7|2 Ij7|X]| quaIity_of_service_demoQ.I lifespan.py 0| 27|
[opt/ros/humble/lib/python3.10/site—packages/quality_of_service_demo_py/lifespan.py

(28 Ml ]

- Float 2, LIDAR AZZ QahEl BlO|ES WO /0] G002 200msOlAE HIO|ENS H{2|T £l HO[E{gt Wi A2}
229/ YXIYE(/odom)Z2 B 15 OLAE HOIELS A YIRS X10|7} UACDZ HIZOF 3 2= UG
A 4B} RO| 52 OJY XIAE/H o0 9IS 4 YOO lifespanS 5E2 4%

EX 2SS0z dE2 127t AH &

g
n

o

o o
ol A2 24|
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Lifespan
v lifespan.py — main &

46 def main(args=None):

47 parsed args = parse args()

48 rclpy.init(args=args)

49

50 topic = 'qos lifespan chatter'

51 lifespan = Duration(seconds=parsed args.lifespan / 1000.0)

52

53 gos profile = QoSProfile(

54 depth=parsed args.history,

55 # Guaranteed delivery is needed to send messages to late-joining subscription.
56 reliability=QoSReliabilityPolicy.RELIABLE,

57 # Store messages on the publisher so that they can be affected by Lifespan.
58 durability=QoSDurabilityPolicy.TRANSIENT LOCAL,

59 lifespan=lifespan)

60

61 Listener = Listener(

62 topic, gqos profile, event callbacks=None, defer subscribe=True)

63 talker = Talker(

64 topic, gos profile, event callbacks=None, publish count=parsed args.publish count)
65 subscribe timer = listener.create timer( # noga: F841

66 parsed args.subscribe after / 1000.0,

67 Llambda: listener.start listening()}

68

69 executor = SingleThreadedExecutor()

70 executor.add node(listener)

71 executor.add node(talker)

72 executor.spin()
73

74 rclpy.shutdown()
LY



Lifespan

lifespan.py =41
7| 9%

>
>

= ‘parsed_args.lifespan'2 Solf AFEXIV} Helot £7|E2 AFSY = UZ
= 'Duration’ M2 F7| MEE Zt= H4 ' |ifespan'@| MO

= OOk Jifespans b002.E AH Al, 500/1000% = 0.5x=2 A¥E= ZE
lifespan = Duration(seconds=parsed_args.lifespan / 1000.0)

QoS T =ZIm! M-
= lifespan QIXt0|, 'Duration’ ZHH|Z2 M= H4: lifespan’ &Y

= reliability= RELIABLE(Et=EA| M), durability= TRANSIENT_LOCAL(New Subscriber®|A| C|0|E ME)=2 AH

qos_profile = QoSProfile(
depth=parsed_args.history,
# Guaranteed delivery 1s needed to send messages to late-joining subscription.
reliability=QoSReliabilityPolicy.RELIABLE,
# Store messages on the publisher so that they can be affected by Lifespan.
durability=QoSDurabilityPolicy.TRANSIENT_LOCAL,
lifespan=lifespan)



Lifespan

E{0|=20j|A{ Lifespan O|2 AlH

Lifespan 1=, C[O|E| W&l 7H4= 107H, 3= £ Listener A|Xt

ros2 run quality of _service demo_py lifespan 1000 --publish-count 10 --subscribe-after 3000

Al Al /gos_talker2t /qos listener .LE7} St AldH
1= 2H0f] =4l&l= CIOo[HEt 72 T, 0|2 HIO|E= publisher®| MAIX] FOA] ALK
Talkere= &XAX9Z 10719| H|O|E{E &t
Listener= 3= & A|Xfol& 4H
=, LifespanO| 122 MHE| 7| 420 ‘4’ Publishing £ ListenerZt A|EE|0{ = Listener?t ‘4'E B2 £ US
1= O[Me| BIO[HE2 25 AH|%[0 =41 &X] X8t
Lifespans 200022 HAGHA E|AE sliH7|

o

>
>



Lifespan

E{ 0|20 A Lifespan Ol AlH

Lifespan &gl Z1}

[INFO] [qos_talker]: Talker starting up

[INFO] [gos_talker]: Publishing: Talker says @
[INFO] [qgos_talker]: Publishing: Talker says 1
[INFO] [qos_talker]: Publishing: Talker says 2
[INFO] [qos_talker]: Publishing: Talker says 3
[INFO] [gos_talker]: Publishing: Talker says 4
[INFO] - lshing-

[INFO] |[q05 listener]: Subscription created
[INFO] [gqos_listener]: I heard: Talker says 4
[INFO] [qns llstener] I heard Talker says 5
[INFO] q er says
[INFO] [qns llstener] I heard Talker says 6
[INFO] [qos_talker]: Publishing: Talker says 7
[INFO] [gqos_Llistener]: I heard: Talker says 7
[INFO] [qos_talker]: Publishing: Talker says 8
[INFO] [gqos_Llistener]: I heard: Talker says 8
[INFO] [qos_talker]: Publishing: Talker says 9
[INFO] [qos_Llistener]: I heard: Talker says 9

= Listener= 5’7} Wall=l 0|20 = Talker?| 4, 5’2 MEX

>
>
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Lifespan A

v E0|20|A Lifespan H|2 AlgH

vlctnr@vlctur -VirtualBox: ~$ ros2 run quality_of_service_demo_py|lifespan 4000 |--publish-count 10 --subscribe-after 3000
[INFO] [1743477320.839639087] [qos_talker]: TalLKer starting up
[INFO] [1743477321.341852584] [qos_talker]: Publishing: Talker says 0
[INFO] [1743477321.842253050] [qos_talker]: Publishing: Talker says 1
[INFO] [1743477322.342414102] [qos_talker]: Publishing: Talker says 2
[INFO] [1743477322.842446754] [qos_talker]: Publishing: Talker says 3
[INFO] [1743477323.342325271]1 [qos_talker]: Publishing: Talker says 4
[INFO]QJ[1743477323.842620723] [qos_listener]: Subscription created
[INFO]J[1743477323.843199324] [qos_talker]: Publishing: Talker says 5
[INFO]|[1743477323.843847083] [qos_listener]: I heard: Talker says
[INFO]|[1743477323.844218694] [qos_listener]: I heard: Talker says
[INFO]|[1743477323.844492144] [qos_listener]: I heard: Talker says
[INFO]|[1743477323.844757852] [qos_listener]: I heard: Talker says
[INFO]|[1743477323.845037606] [qos listener]: I heard: Talker says
[INFO]R[1743477323.845306814 os listener]: I heard: Talker says 5
[INFO] [1743477324.342036509] [qos talker]: Publishing: Talker says 6
[INFO] [1743477324.342813334] [qos_listener]: I heard: Talker says 6
[INFO] [1743477324.842491217] [qos_talker]: Publishing: Talker says 7
[INFO] [1743477324.843740544] [qos_listener]: I heard: Talker says 7
[INFO] [1743477325.342128776] [qos_talker]: Publishing: Talker says 8
[INFO] [1743477325.344034774] [qos_listener]: I heard: Talker says 8
[INFO] [1743477325.842443982] [qos_talker]: Publishing: Talker says 9
[INFO] [1743477325.843560262] [qos_listener]: I heard: Talker says 9
ACTraceback (most recent call last):

File "/opt/ros/humble/1lib/quality of service demo py/lifespan”, line 33, in <module>

AWM RO




QoS Programming
QoS A&

Liveliness Publisher7t OFX] AOIUSE Subscriberd|7| O BA| HAISIK| o= it

>

HoliZl =71 W & = ELo| MALE &215k= QoS &M
Publisher?t 0{T5| &4 ME{QIX|E Subscriber?} &Q18t 4 U S 5l= QoS HA
EH A7t SOt SHolX| o™ “H|2dslE" ME 2 T Skiveliness_lease_duration QHoj] 2[4 182 ASE HLjjo} §)
Liveliness 8% AU(XIE = = Qg X| A%Y)

= AUTOMATIC : 712 S, Publisher 7t HIAIXIS 2 1] XHSO2 EHMENZ ZHFE(RMWIt 20EN Publishers ZHAl)

= MANUAL_BY_TOPIC  : Publisher7} % Z7|0iCt DDSOIA| “LH= AOKICt " & MSE Hil= (rclpy.assert_liveliness HAEE 55)

ROS22| 7|& m§7|X| quality_of_service_demo?2| liveliness.py OfIH| &THE 7| C) GitHub
/opt/ros/humble/lib/python3.10/site-packages/quality_of_service_demo_py/liveliness.py

-

[ && At ]
252 MO HH ZA| : Publisher7t U2 4R SA| 22 HHE HE
MA HO|E| 4& 201 : MAME 2E H|0[E M&0| GleH ZA| THE oflH] MAME AL|X| = Z1 HAX|
UMY 1 Z ER/EE0| ME UXI/HEHE SRote 82 £ 2X0| SL0M AZIXH ZA| Yot 2= MEE = 8 M2 +H

i
k=]
g
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N
N
H
|0
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=3
[n
)
il
=3
oN
%
o
ook

OGitHub https://github.com/ros2/rclpy/blob/rolling/rclpy/rclpy/publisher.py


https://github.com/ros2/rclpy/blob/rolling/rclpy/rclpy/publisher.py
https://github.com/ros2/rclpy/blob/rolling/rclpy/rclpy/publisher.py
https://github.com/ros2/rclpy/blob/rolling/rclpy/rclpy/publisher.py

Liveliness

liveliness.py — main g

/opt/ros/humble/lib/python3.10/site—packages/quality_of_service_demo_py/liveliness.py

def main(args=None):
parsed args = parse argsf()
rclpy.init{args=args)

topic = 'gos liveliness chatter'

liveliness lease duration = Duration(seconds=parsed args.liveliness lease duration / 1060.0)

liveliness policy = POLICY MAP[parsed args.policy]

gos profile = QoSProfile(
depth=10,
liveliness=liveliness policy,
liveliness lease duration=liveliness lease duration)

subscription callbacks = SubscriptionEventCallbacks(
liveliness=lambda event: get logger('Listener').info(str(event)))

listener = Listener(topic, qos profile, event callbacks=subscription callbacks)

publisher callbacks = PublisherEventCallbacks(

liveliness=lambda event: get logger('Talker').info(strievent)))
talker = Talker(

topic, qos profile,

event callbacks=publisher callbacks,

assert topic period=parsed args.topic assert period / 1000.0)

executor = SingleThreadedExecutor()

def kill_talker():
1f liveliness policy == QoSLivelinessPolicy.AUTOMATIC:
executor.remove node(talker)
talker.destroy node()
elif liveliness policy == QoSLivelinessPolicy.MANUAL BY TOPIC:
talker.stop()
kill timer.cancel()

1f parsed args.kill publisher after = 8:
kill timer = listener.create timer( # noga: F841
parsed _args.kill publlsher after / 1000.0,
kill talker)

executor.add node(listener)
executor.add node(talker)

executor.spin()

rclpy. shutdown()

>
>

[ Liveliness®| 9&t ]
Liveliness= CHSat 22 A0 A £Q51H AR EILICH
1. AAZEAARON 2 e 2K
= 02 SOf, XI8 =8 XISAI0|A A H0[ES
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Liveliness

[ | [ | u
liveliness.py 24
F7| 848
= ‘parsed_args.liveliness_lease_duration's Sdlf AF2X7t He|sl
= 'Duration' ZIME F7| HEE 2= H4 ' lifespan'e] M

= 'POLICY_MAP' 2 ML{Z|0f|A| AFZXt7t i245H HAl(parsed_args.policy)= 7tMS

liveliness_lease_duration = Duration(seconds=parsed_args.liveliness_lease_duration / 1000.0)
liveliness_policy = POLICY_MAP[parsed_args.policy]

QoS n=IY AX
qos_profile = QoSProfile(
LE=0ls o =1 (=) depth=10,
-3 EOI—I- q05_pr0flleE A|-C> liveliness=1liveliness_policy,
. . liveliness_lease_duration=1liveliness_lease_duration)
= depth=10, Liveliness= HIZ2
subscription_callbacks = SubscriptionEventCallbacks(

— —_— A — - - = - 1 - 1 -
Jél%l;l A| g%;l%l' £ %E% %I- liveliness=1ambda event: get logger('Listener').info(str(event)))
listener = Listener(topic, qos_profile, event callbacks=subscription_callbacks)

publisher_callbacks = PublisherEventCallbacks(
liveliness=1ambda event: get logger('Talker').info(str(event)))

talker = Talker(
topic, qos_profile,
event_callbacks=publisher callbacks,
assert_topic_period=parsed_args.topic_assert_period / 1000.0)



o[>

Liveliness 4

v E{0I'20IA Liveliness |2 A3

= Liveliness 1= A%, &3l 2= = 2|

g, ASe =R =101

ros2 run quality of _service _demo_py liveliness 1000 --kill-publisher-after 2000 —-policy AUTOMATIC

victor@victor-VirtualBox:~$ ros2 run quality of service demo py liveliness 1000 --kill-publisher-after 2000 --policy AUTOMATIC
s AISH 7=|ﬂ|. [INFO] [1743478003.094778676] [qos_listener]: Subscription created
o [INFO] [1743478003.098157683] [qos_talker]: Talker starting up
[INFO] _[1743478003.600229111] [aos_talkerl: Publishina: Talker savs 0
[INFO]|[1743478003.602301301] [Listener]: <rclpy._rclpy_pybindll.rmw_liveliness changed status t object at 0x75a97b3230b0>
[INFO] |[1/434/8003.603255849] [qos_Listener|: I heard: Talker says 0
[INFO] [1743478004.099515275] [qos_talker]: Publishing: Talker says 1
[INFO] [1743478004.100265316] [qos_listener]: I heard: Talker says 1
[INFO] [1743478004.599417555] [qos_talker]: Publishing: Talker says 2
[INFO] [1743478004.600227397] [qos_listener]: I heard: Talker says 2
[INFO] [1743478005.0991769AA0]1 [aos_talkerl: Publishing: Talker savs 3
[INFO] [17434?8@@5.1@14@66@9] [Listener]: <rc1py _rclpy_pybindill.rmw_liveliness changed status_t object at 0x75a97b3236b0>
[INFO] . : eard: Talker says 3

= PublisherZ} 1000msOtCt HIA|X|Z Publishing
= 2X7t X|U4H HE2|M =9I qos_talker’t =

= Ol Listener= liveliness2 AXNSH 1x 7| S L E7} FRUCH=E AS XIS 2 20l




Liveliness

>
>

E{0' 0N Liveliness G| A3t

Liveliness 1= A7, &dll 2x = M52l LE g, 322 =0l

i |

ros2 run quality_of_service_demo_py liveliness 1000 --kill-publisher-after 2000 --policy MANUAL_BY_TOPIC

76915] [gos_listener]: Subscription created
183087 ] [gos_talker]: Talker starting up
1225] [gos_talker]: Publishing: Talker says 0
6] [Listener]: =rclpy. rclpy pybindll.rmw_liveliness changed status t object at @x7d1897bdizfe=
7741 [gos_listener]: I heard: Talker says @
2] [qos_talker]: Publishing: Talker says 1

[INFO] Z;;"

204] [qos_listener]: I heard: Talker says 1
[INFO] [172 674] [qos_talker]: Publishing: Talker says 2
[INFO] [172 22027] [qgos_listener]: I heard: Talker says 2
[INFO] [17228086125.648242245] [Listener]: <rclpy. rclpy pybindll.rmw Lliveliness changed status t object at 8x7d1897bd2e30=
[INFO] [1728986125.648473114] [Talker]: <rclpy. rclpy pybind11l.rmw_liveliness_lost_status_t object at 8x7d1897bd21be=

= AUTOMATIC et Hl=zstt, LeES S0[X| 4 HE2|A[2H £[X] = AF-MS Mo Zat 22t 25



QoS Programming
QoS He|

[ Duration Z4%] ]

Duration2 ROS20|A A|Zt ZH(time span)2 ESicl= ME Ete
1. 22X MA[ZHH0] S8 A|ABINA= 1ms O

aro] M4
Cta8t A|ZHQ] 40|, LIEXX O 2= nanoseconds H¢ 2 2]

2 rclpy.duration Duration
3. &Y : float H|O|E EfYS ArESHH S0 i3t E2H(sec/ms) LY

4. A2 : QoSH™E B 5 Duration A2 d = Duration(seconds=>, nanoseconds=
5. M5 Z|X{3} : RMW nanoZ 7|8t A|Zt AIAS 2 H| 28 print(d.nanoseconds)

@ deadline.py X @ lifespan.py @ deadline.py @ lifespan.py X

opt > ros > humble > lib > python3.10 > site-packages > quality_of_service_demo_py > @ deadline.py > & main opt > ros > humble > lib > python3.10 > site-packages > quality_of service_demo_py > @ lifespan.py >
import argparse import argparse
import sys
from quality of service demo py.common nodes import Listener

from quality of service demo py.common nodes import Listener from quality of service demo py.common nodes import Talker

from quality of service demo py.common nodes import Talker

; e import rclpy

import rclpy . . .

from rclpy.duration import Duration from rclpy.duration 1nl'\p|:nr’t Du[’atwn

from rclpy.executors import ExternalShutdownException from rclpy.executors import SingleThreadedExecutor
from rclpy.executors import SingleThreadedExecutor from rclpy.qos import QoSDurabilityPolicy

from rclpy.logging import get logger from rclpy.qos import QoSProfile

from rclpy.qos import QoSProfile from rclpy.gos import QoSReliabilityPolicy

from rclpy.qos event import PublisherEventCallbacks

from rclpy.qos event import SubscriptionEventCallbacks

deadline = Duration(seconds=parsed args.deadline / 1000. lifespan = Duration(seconds=parsed args.lifespan / 1000.0)



QoS Programming

QoS &

QoS

g4

—

Reliability

UDPHE S4 8 QM 8|
TCPA BIO|E A4 HX|5HH MEEE SMEX]

= BEST_EFFORT(£L 24)
= RELIABLE(XEZ|E 24)

History

S4 e M2t FoliTl AtO|= 2HZ2| C|OJE| S Bt

= KEEP_LAST
= KEEP_ALL

Durability

HIO|E{E $=AI5H= Subscriber?} A E|7| M9| H|0|E|S
AMEEX| H 7| eX|0f ChHet d7

= TRANSIENT_LOCAL
= VOLATILE(3/ZH)

Deadline

RNz 7] Qe BOIE} A U SAIEX| %S B OME B2 AYA|Z

deadline_duration(&$¢:ms) (700, 10005)

Lifespan

(0}
gg
al
b
N
rQ
=2
P
>
rz
m
rir
i)
o
m
=)
= o)
|1)||
re
(0}
22
kl
I
ObY
Pal
EO

= H|OIEl= A

lifespan_duration(22]:ms) (700, 1000 5)

Liveliness

Mol 7| QoA LLE E2 ETO| MALE &0l

Liveliness(AUTOMATIC, MANUAL_BY_TOPIC)




ROS2 CL
ROS2 CLI &&

ros2 component

= AISH =0 L= 2 S10ls AlSH Ol =T|= St A Ol=
= Component= 3 S ZH|0|H{et AEHE S22 =QI5IAL Al & SXIE & = U= BHO
A3 QI ZIE|0|L9 HEHE B2 £
$ ros2 component list
AE ZAEI0|H B0l £ AEHE &3
$ ros2 component load /my container composition composition::Talker
BE AHOH LE2 5§ HEHE &Y
$ ros2 component standalone composition composition::Talker
ME 7158t HEHE SO 28 &9
n » HEEE L= O] LEES ofLo T2 MA LoIM SliE - JA=SF dA1E
$ ros2 component types
» 0|2 Soll =& 29| S4 LHIEE F0| 12, A|A”S| At E#ES 2| Heled + US
XE dEHES A3l SX| - =T 47} YOI T2HA 48 F0/T 420, SA 450| 112 5238 32
$ ros2 component unload /my container 1 = p39 X
= OMZE ?lofl ChS BZO= component O I7|X|9 #X| Trd &Y

* ros2 launch composition composition_demo.launch.py

ROS29| 7|5



ROS2 CL

Al
ROS2 CLI &5 IR : ROS2E AlxtsHs 28 T2 T3 (p533)

W

ZE|ojH &3

victor@victor-VirtualBox: ~ 80x11

[ComponentManager




ROS2 CL
ROS2 CLI &&

victor@victor-VirtualBox: ~ 120x9

load /ComponentMana

ONLtaLnel 1040

* Talker ZHEE Z1H|0|L0f| =X}

- XTI} LREH HEIO|LIE MYAIZIS E{1/ LAY Publishing &




ROS2 CL
ROS2 CLI &&

victor@victor-VirtualBox: ~ 120x15

Listener ZEHE T HE|0|L{0i| Z{XH
XY 7} sarf:zam HE|O|LIS *'?JJAI;”H E{D|g&io) 23

Manager cor ition compositi istener

istener'




ROS2 CL
ROS2 CLI &&

Talker ZEHE0N namespaceE E0{A A&l

0| B2 E. 802X U3

0]0] talker ZAXHETJ ZF 210|H2{2| 2 HIR2{0] HX{E|0] RUAA
ol e W= ol HL & 4= A1(Zero—copy)

HIQJAHO| A-ZMTt HZSI0] MY Al

victor@victor-VirtualBox: ~ 120x15
ComponentManager composition composi

Lner ode as ‘,"1':1-.-




ROS2 CL
ROS2 CLI &&

wctor@wctor VlrtualBox. ~120x1 5
1entM i




ROS2 CL
ROS2 CLI &&

[INFO] [lau
[component_
[component_

Y = -

]

<t

INF
INF
[INF
[INF
l F
[IN




ROS2 CLI

@ composition_demo.launch.py X

A|A
ROSZ Cl—l opt > ros > humble > share > composition > launch > % composition_demo.launch.py >

import launch
from launch ros.actions import ComposableNodeContainer
from launch ros.descriptions import ComposableNode

def generate launch description():
"""Generate launch description with multiple components.
container = ComposableNodeContainer(
name='my container'’
namespace=""
package='rclcpp components'
executable="'component container!'
composable node descriptions=]|

ComposableNode |
package='composition’
plugin="'composition::Talker"',
name="'talker'),

ComposableNode
package='composition’
plugin="'composition::Listener’',
name='listener’

nuoan

] ’

output='screen’,

return launch.LaunchDescription([container])
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Qo MY : rqt_example.zip

ERQT Exa mple

Topic Publisher Example

w/x key: increase/decrease linear velocity
afd key: increase/decrease angular velocil
space key, s key: force stop

Service Client Example

{0 key: LED On / f key: LED Off )

Topic Subscriber Example

Service Server Example

LED Status

‘ On/off ‘




ROt Z2{19!
ROt

ROt RQt= ROS2 AIAEIS GUIZ “HLT”, “ZASHT", “ClZ " sh=b| W40l £7 B8

= RQt
Z2{70! HENE CIQkst =7 &
ET| MH|A, H4 Z2 ROS2 84S
ROS + Qt9| &0
o2 Pluging Sali CiYst 7|5 M3

QIHIO|AE 73T 4= U= ROSS| GUI(Graphical User Interface) 22|32

AMAHO=Z 211 ZXH(LH Y, 2LIEE, i)

Turtlesim

Default - rqt

DE® - 0@ #Node Graph DE® -00
2| |Nodes/Topics (all)  ~ ||/ / B ® &
Group: |2 |2 Namespaces v/ Actions VItf v Images | V' Highlight v Fit | &3

¢ Hide: v/ Deadsinks v/ Leaftopics /Debug | tf v Unreachable v Params

J2A ZHE XY

I2ASHE I
= 2 Ao o X 41 N Ths

b JHESHEH 02 OSOIM A% 7ts (ZE =8 248

| |
rOII

= ROS 27} X|&ot= Ctdet 2HE0M AME 7ts



ROt Z2{19I
ROt 221121 (ROt Plugin)

ROt S8 12! AEIZ S| HH

ament—aomales
plugin:

[2E8]

LE/EX AZ M E rqt_graphZ B4

MIX HIO|E{(LIDAR 7H2|Z2)S rat_plotS AA|ZH &9l
MH|A S & AEA| rqt_service_caller AF2
CIHZA| rgt_consol2 Of2{ HIA|X| 2L E{Z

Oi2t0|g S48t M rqt_reconfigureZ MA|ZH X



ROt Z2{19!
ROt 221121 (ROt Plugin)

ROt IH7 | A| - 712HOE AIR% RQt £2{19 ROS2 7| Xl CHE 2t 212

7| X| 0|5 Moy

RQt IH7|X| ‘rat_gui’, ‘raqt_gui_cpp’, ‘rat_gui_py’, ‘rqt_py_common’ I§7|X| It
rqt_gui 0 rgt YIS T Zol =ZE =+ U= A 7 [X]|
rqt_gui_cpp C++ S2H0|AUE 20|H 2| E Aot HZE 4= = ROt GUI {12! API XIS
rqt_gui_py Python 22t0|¢E 2t0|E2{2|E ArZ5t0] MIZE = A= ROt GUI E2{12! API M3
rgqt_py_common Python2Z XM E RQt 2220 SE2Z AMEE= 7|52 ZEE Hi&dk= W7|X|

oot

rqt_common_plugins | rgt_action, rqt_bag S 200{712| RQt 221212 XL &l5t= HIEHIHI|X|

Ct

gt_gui_core gt_gui, qt_gui_cpp, gt_gui_py_common, qt_gui_app, qt_dotgraph = == H|EII{7|X|

python_gt_binding QtCore, QtGui, QtWidgets 52 AtEE I Python 210 7|89] Qt APIE H|Sot= HIQIY I7[X|




ROt Z2{192!
ROt 221121 (ROt Plugin)

python_qgt_binding
= Qt Python API A2
= Python2Z Qt API AL A| Qt C++ API il Python22 HIQIEE API AL

= LCHEA Qt Python API : PyQt, PySide

= Python_qt_binding I{7|X|2] &H - PyQtet PySide= C++ 7|t Qt 2H0|2 2|2 Python0fiA] AlRE

- PyQtQI_ PYSlde% _—I_L_E_ 810| Al_% 7}% = H|'O|_|'<:3'I(binding)0|E'._|' Pythonﬂf C++ A|-0|0'||k| E||O|E'|% E%éf

- T Al S HIQIY AP 2 M Tt

* ROt S22 W7 [X| A8 =A]
1. rqt_gui_py.plugin Z&9| Plugin SeiA A&
2. qt_gui.plugin 2=2| Plugin SeiA &%
3. python_gt_binding.QtCore 2 &2| Qobject S2A A%

o



ROt Z2{19I
ROt 221121 (ROt Plugin)

RQt HE &td

= RQt S2{1¢2l 7l et
Ubuntu 22.04 LTS, ROS2 Humble 7|&
‘ros—humble-desktop' & AX[oIUCHH, ROt 7Y &HE2 AX| Z|HUS
Opok Mx|7} E|0QIK| QLUCHH CHS T Eaf AlX|

- =

$ sudo apt install qtcreator



ROt 21121 2t &=A]
Python Style

ROt S&{_12! A9 &=A
S MMOIAE B21T01 XY £MES AJWSHD QT MIBE I=S we

1. ROt 21192 I{7|X] 4

$ cd ~/ros2_ws/src

$ ros2 pkg create rgt_example —build-type ament_cmake —dependencies rclpy rqt_gui rtq_ggi_py python_gt_binding

LEPMQI I§7|X| dat CH=X] X2 RQt E211219] 7= 7|5 &3 A GUI 23 Ij7[X|=

o= I7|XI2 E3t
S35, Python Q1012 SA5HXIEH, RQt Z2{1910] YRZ XA5H7| TH20f, UE S

= ‘ament_cmake'2 XN

2. Ij7IX 28 IE +78

~/ros2_ws/src/rqt_example/package.xml



ROt 21121 2t &=A]
Python Style

ROt =2{191 =M

=AM

3. =019 oy 4y

e el cemaealusing ~/ros2_ws/src/rqt_example/src/rqt_example/__init__.py

A
Tg ~/ros2_ws/src/rqt_example/src/rqt_example/examples.py

I
|11

E 43 I

~/ros2_ws/src/rqt_example/package.xml

~/ros2_ws/src/rqt_example/src/rqt_example/examples_widget.py

5. 2A3EE 20 ¥ I 4y

~/ros2_ws/src/rqt_example/scripts/rqt_example

6. E_l_)lk_ﬁ %E—l l;l_cl Ul ]II-?EI AOHAo-l ~/ros2_ws/src/rgt_example/launch/rgt_plugin.launch.py

~/ros2_ws/src/rqt_example/resource/rgt_example.ui




RQt GiIX| -1

ROt example

gt_example — T e

cpp_qt_plugin Sitems 10 Dec 2024
doosan-robot2 i /O Src 8\’ []8 l] Q [:D - 0o X

EXPLORER @ env.py @ turtlesim.launch.py X @& _init_ D> v [0
ex_calculator

SRC EL& rqt_example > launch > @ turtlesim.launch.py > ...

> cpp_qt_plugin 1 from launch import LaunchDescription
from launch.actions import LogInfo
from launch ros.actions import Node

gz_ros2_control

> doosan-robot?2

S pibgib > ex_calculator

> gz_ros2_control

oy pubsub: qos ’ > py_pubsub def generate launch description():
- > py_pubsub_qgos return LaunchDescription([

> ros2env LogInfo(msg=['Execute the rqt example wi

v rqt_example
Node

namespace='turtlel’,
package='rgt example',
executable='rqt example',
> scripts name='rqt example',
> src output='screen'),
= CHANCEINC rck
> OUTLINE Node
> TIMELINE package='turtlesim',
> [ doosan-robot2 §° pick_and_place-basic < LF {} Python & 3.10.1264-bit () Prettier [\

v launch

-

@ turtlesim.launch.py

> resource




RQt Of|xi| -1
ROt example

Al

rqt_example &

2l otH

rqt_example

CHANGELOG.rst

CMakeLists.txt

.l“”

- /. package.xml

TurtleSim - x|

pluginxml

resource

scripts

Q 8|~ =
813bytes 1
1.5kB 1
1item 1
rqt_example_Examples - rgt 5 O @
RQT Example D@ -0

Topic Publisher Example Topic Subscriber Example

w/x key: increase/decrease linear vel¢
a/d key: increase/decrease angular ve
space key, s key: Force stop

Service Client Example Service Server Example
_ LED Status
LED ON LED OFF

) key: LED On / F key: LED OF /o

ﬂ-”nyfs -D.Emd/s

0

launch rqt_example

turtlesim. launch.py

‘urtleSim - X

File Plugins Running Perspectives Help

w/x key: increase/decrease linear vel¢

Default - rqt

RQT Example DE® - 0@ CiTopic Monitor
Bandwidth
Topic Publisher Example Topic Subscriber Example )ces/msg/ParameterEvent
= ices/msg/Log
|_msgs/msg/Twist unknown
3 |_msgs/Vector3
w >
/
—| |_msgs/Vector3
furtlesim | a S d \ d
X / N Imsg/Color
/msg/Pose

laction/RotateAbsolute_FeedbackMessage
igs/msg/GoalStatusArray

> key: LED On / f key: LED OF

a/d key: increase/decrease angular ve | E ‘ o
space key, s key: force stop L mys L. lrad/s
Service Client Example Service Server Example
LED Status
' LED ON LED OFF
on/Off

10.00

DE@ -00

Value
not monito...
not monito...

1.6000000...
0.0
0.0

0.0
0.0
0.7
not monito...
not monito...
can not get...
not monito...



RQt GiIX| -1

ROt example

t_example

rqt_example

CHANGELOG.rst

CMakeLists. et sparkx@sparkx-550XDA: ~fros2_ws/src/rqt_example = = ¢
= RQt 7|2 GUI $3 AL

u sparkx@sparkx-550XDA: ~fros2_ws/src/rqt_example 75x25
drwxrwxr-x sparkx sparkx 4096 Dec 17 11:32
. . . A launch drwxrwxr-x sparkx sparkx 4096 Apr 21 21:28
Push bUtton’ Radio bUtton’ S“der’ Dlal’ LCD *XI-’ Label i drwxrwxr - x sparkx sparkx 4096 Oct 11 2024
drwxrwxr-x 6 sparkx sparkx 4096 Oct 10 2024

package.xml KX rKx . S cd rqt_example/
@ [ (DA: $ tree
= ROS2 7[gt4E
_ _ pramn CHANGELOG. rst
ROS22| EX& Publisher?t Subscriber, A{H|A AH 2t CMakeLists. txt
S2}0|HEE SR AIR ) — turtlesim.launch.py
package.xml
scripts plugin xml

L — rqt_example.ui
]_ !

L

examples.py
examples widget.py

_init__.py

5 directories, 10 files




RQt GlIX| +1d

ROt example

Il E2| BE

WX : p547 GUI 7i'Y MVC(Model, View, Controller)

®
e
ﬁ
@as Controller Model
— (Servlet) ® (Java Beans)
\ J <
e Y
View
(ISP H 0| X|)
gelo|HEZX MHF
E

CHANGELOG.rst
FMakeLiSts.txt

L — turtlesim.launch.py
package.xml

plugin.xml

resource

' — rqt_example.ui

Sl L LS
L rgt_example

- - 2 o P e —
I 1L 2 A d 1 [=

“examples . py
examples widget.py
__init_ .py



RQt ofix| 8
ROt CilM| Ul ATH=Y |

$ qtcreator ~/ros2_ws/src/rqt_example/resource/rqt_example.uti

L= 2 Ubuntu ofE HM7]|0A E S S =0t &2

it View Suild Debug Analyze Tools Window Help
; 5 7
. u »
b Layouts 4
° % Vertical Layout Topic Publisher Example Topic Subscriber Example

= [ Horizental Layout

Grid Layout

i‘ Form Layout w
D > Spacers /
[Béd Horizontal Spacer — | 5
5 E Vertical Spacer f a S d \ f‘l
2 Buttons [ / S
@ Push Button X
@ Tool Button = L]
7 @ Radio Button w/x key: increase/decrease linear velocity.
@ check Box a/d key: increase/decrease angular velocli K N
@ Command Link Button space key, s key: force stop [N m/s LI rad/s
Dialog Button Box
- Item Views (Model-Based) Service Client Example Service Server Example
E List View T S
g Tree view LED ON LED OFF -
ﬁ Table View on/off

(0 key: LED On / f key: LED Off
Column View

E Undao View - N =
- Item Widgets (Item-Based)

E List widget
b B Tree Widget

Object Class *
examples_widge QWid
~ =@ group_box_dl QGro
label_shortcut key 2 QLab
radio_button_led off QRad
radio_button_led_on QRad

~ 5% group_box_dr QGro
label_led_status QLab
push_button_led_status QPus

group_box_ul QGro
£ grid_layout i Q

push_button_a QPus
push_button_d QPus
push_button_s QPus
push_button_w QPus
push_button_x QPus
label_shortcut key 1  QLab
~ 5% group_bex_ur QGro
dial_yaw QDial
label x QLab
label_yaw QLab
led_number_x qQLcC
led_number_yaw QLcC
slider_x Qslid ~

[ 3

examples_widget : QWidget
Property Value =
-

objectName examples_wi...

windowMaodality NonModal

Table Widget enabled v
b Containers } geometry [{0, 0), 640 x...
D Group Box » sizePolicy [Preferred, Pr..
Scroll Area a4 h heckabl i »minimumSize 0x0
Name Use Text shortcut Checkable ToolTip \ maximumSize 16777215 x ..
E Tool Box » sizelncrement 0x0
[ Tab Widget » baseSize 0x0
B stacked widget palette Inherited
» font A [Sans Ser..
D Frame
] wi cursor Is Arrow
Widget mouseTracking
[F) mD1 Area tabletTracking

I3 Dock Widget

- Input Widgets Action Editor | Signals and Slots Editor

™ cambn Ray he

Would you like to take a quick Ul tour? This tour highlights important user interface elements and shows how they are used. To take the tour later, select Help > Ul Tour.
Ty Applica 0 ompile O Debugge 8 Te

focusPolicy NoFocus
contextMenuPolicy  DefaultConte...
] ’

Take Ul Tour | | Do Not Show Again | X

rm ~/.config/ros.org/rqt_gui.in1
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RO Ol A7 Il Y|
K| A mfel 43

~/ros2_ws/src/rqt_example/package.xml

rqt_exampile
ml v 5
ml-model hr tp ywnload. ros.

nple for RQt plugin
ail.com"=Juwan

id=rqt_gui py
d=rqt_p

amant 1int ~amman

type=ament cn




RQt GfiX]| +1d

ROt CijM| 28 IiE 2HE Y|

C

ROt 2219 I} A4

= HOE Z0f ‘rqt'2t 2U510], ROtE M
= Ol5 SM0IM Plugins ) Actions, Configuration, Introspection S M5 &=
= 2} 221012 01RA Egtoz AMalist £ QZ

rgqt_example I{7|X|2] ROt 2|12l &
O|E ®loffdd ROt E2112 2! I plugin.x

TurtleSim

O3 20| Plugins H'=0f 28t 2 A
=

22 H1E A

ml

Default - rqt

DE® - OJ@RQT Example

Eile l!m Running Perspectives Help

Topé [E container

4 l Top@ [ Actions
* .| [ Configuration

»

» || B Introspection

'~ [B Logging

»

Type
rcl_interfaces/msg/Parame

Topic Publisher Example
rcl_interfaces/msg/Log
geometry_msgs/msg/Twis
turtlesim/msg/Color

»
' =
|
»Fatus action_msgs/msg/GoalStal

| & Miscellaneous Tools * edback Eﬁ::{:z:m;;stiggzz::tatel\b W
* | [ services
[ Topics sensor_msgs/msg/image a s d
f@ Visualization | @ 1mage View
Plot X

Viewer

w/x key: increase/decrease linear vel¢
a/d key: increase/decrease angular ve
space key, s key: force stop

Service Client Example

LED ON LED OFF
> key: LED On / f key: LED OF

and services values

Il
I my/s

Service Server Example
LED Status

On/Off

I
I . A rad/s




RQt GlIX| +1d

RQt OfiA| 278 M ALY |

Ot 221791 It A4

0| &M (label), {icon), {statustip)0| sHE RQt E2{12l°| £AM0| =

Group EATL7} Hi%2l A5 &2

rqt_example > & plugin.xmil

1 dbrary path="src"
name="Examples" type="rqt example.examples.Examples" base class type="rqt gui py::Plugi

- 1

lescripti
A plugin visualizing messages and services values

[

group
label=Visualization</label
icon type="theme">folder</1i
tatustip=Plugins related to visualization

label=Viewer</label
con type="theme"=utilities-system-monitor=</icon

tatustip=A plugin visualizing messages and services values</statustip




RQt Gi|H] 78
RQt OfjA & T A7 |

HE MM CMakelLists.txt = YEFXO1I ROS I§7 | X|2F QAL
plugin.xml, resource, launch 24 % 519 MUSS share S| MX|

Scripts 22| rgt_example LY S lib SE0f| AX|

~/ ros2_ws/src/rqt_example/CMakelLists. txt

minimum r»:qnlr»:nil.
t(rgqt example)

share/${PROJECT NAME}

(DIRECTORY

{PROJECT MAME}




RQt GlIX| +1d

RQt OfiA| 278 M ALY |

BIE 20 & Tl A

AFEHE E00l= ROt 281218 X|H6t Fxot= ZEE 7|&
ROte| XFERIT & £ O, rgt_gui = main module?| Main 22{AZ 0|50 ROt 2212l 7|5 At
(0]
e

Ml TEQI examples E=2| Examples 22iA &
~/ros2_ws/src/rqt_example/scripts/rqt_example

rqt_example » scripts

1 import sy
from rgt gui.main import Main

from rgt example.examples import Examples

plugin = 'rgt example.examples.Examples
main = Main(filename=plugin)
sys.exit(main.main(standalone=plugin))




-l rqt_example > resource > & rgqt_example.ui
RQt Ofjx| - -

nl version="1.0" encoding="UTF-8"7>

2 ui version="4.0"=
ROt Ofix| 278 I ATHE Y | [

s>examples widget</c
class="0wWidget" nam examples widget"=
Yy name="geometry"=

s S0 Y Ul IFY 4y

Qt2| ui U2 XML E{IE 0|
FEAOZ MASIK|= LU gtcreatorOfl A A FLAE 3 QUL

tys

y name="title"=

~/Iros2_ws /src/rqt_example/resource/rqt_example.ut g>Topic Subscriber Example</string>

class="0slider" name="slider x"=
¥ name="geometry":>

=</ Dro F_j ert l_.r.' -
. skipped below
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RO O] 447 Ih! AT |

~/ros2_ws/src/rqt_example/_ _init__

~/ros2_ws/src/rqt_example/examples.py

~/ros2_ws /src/rqt_example/examples_widget.py




RQt Gi|H] 78
RQt OfjA & T A7 |

2| 2 21%| Y 44

» HX| MU turtlesim I7|X|2Q] turtlesim_node =2} & HS510] HAE 715528 24
= turtlesim_node :==2| E&I1} 5tF7| 2|5 namespaceE ‘turtle1l 22 A

~/ros2_ws /src/rqt_example/launch/turtlesim. launch.py

rqt_example
1
ogInfo
ns import Node

def generate launch dH’crlptlcnfl
return LaunchDescr .
LogInfo(msg=["'Execute the rqt e le with turtlesim node.'

Node

output='

Node




RQt GiiM| 24 T E F4

ROt HIQI AA FE

~/ros2_ws /src/rqt_example/examples.py

~/ros2_ws /src/rqt_example/examples_widget.py



RQt OfIX| 24 A F 4]

ROt HIQI AA FE

examples.py

rqt_example » src » rgt_example examples.py

from rgt example.examples widget import ExamplesWidget

from rgt gui py.plugin import Plugin

Examples(Plugin)

def init (self, context):
super(Examples, self).
elf.setObjectName('RC

elf.widget = Exampl
serial number = context.serial number()
if serial number = 1:
self.widget.setWindowTitle(self.widget.windowTitle() + ({0})'.format(serial number))
f.widget)

3 Che ROt examp
elf.widget.shutdown widge




ROt | 24 3= F4
RQt IRl A FE

examples.py

= ROS RQt 22181 7|2 7Is HIs

= =2ael e, =78t

O

=22 Z2 7l XE

def __init__(self, context): super(Examples, self).__

= RR ZHA(Plugin)e $IXE SESHH =7|8t

= Context= ROtOIM HSot= 2 HHAEZ ROtZ M| A =LE0 ALSE 4= U S

Self.setObjectName(‘RQt example’)

= 2219219 K| 0|22 ‘ROt example’ 2 MNSH.

|

= 0| 0|22 ROtOIM S1QIS ZHale O ARZSiTt.

r

= ExamplesWidget ZHXM|E 44510 widgetOi] K&,

= 0] LE7} ExamplesWidget 22HA HUA rclpy2| Node &

= Context.node € M5t ROS2LE9t HZA

Examples 22A = ‘rqt_gui_py.plugin® 2&2| Plugin 22

ExamplesWidget 22|A = £46111X} 6l= UIE Eglst A

fAS 44

init__(context)



ROt | 24 3= F4
RQt IRl A FE

examples.py

= Serial_number = context.serial_number()

= Context.serial_number()2 S&5I0] £2{19219| A|2|Y HSE T} 2L},

© TR AIRIE HEIHED 3, B HF, windowTitle(O0| Al2|E HSE F7tottt.

-

Y1012 Off 7H AMalst nf, 2 221701 &8 FHE £ T2 St o, ROt example, ROt example(2).........

= 0752 3¢Y

9
u

= Context.add_widget(self.widget)
= Context.add_widget(self.widget)2 &5t0] ExamplesWidgetS RQt QIE{H|O| A0 7}t
= O|ZA 3Hof GUIZt ROt&0 HEA|EICE

= Def shutdown_plugin(self):
= ROt Z2{71910| ZF 0} AEICY,

© HMES 206t /139 3= x2S +HetCt.
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RQt Of|xj| 24 3
RQt H|QI AA FE

examples_widget.py
GUI 5121 71448 Bt

ExamplesWidget 224
Topic publisher, topic subscriber, service server, service client, timer, push button, radio button &

rqt_example.ui ItYS S& 2! g}HO| =

[ |
Cten 22 2Es 1§t



RQt OfIX| 24 A F 4]

ROt M2 Mfi_':

examples_widget.py
1 = get resource('packages', pkg
oin(package path, 'share’, }ﬁ; name resource', ul filename)

Line : 34 ~ 36
, package path = get re
£ 0|856}0, ‘rqt_example' I17|X|Q| ‘rqt_example.ui

ui file = os.path.jo

loadUi(ui file, )
St

(uiltY S 2EGHA Widgetdf] HE

—
U= %

ament_index_python.resources 2=2| get_resource
IIAUS loadUi &+2 SHS(I7|X| BEE 7HNI)
0|F &0l gtcreatorz O|2| PFE0{F UIZ otH0| &HE =+



ROt Ofxj| 2A = M
ROt H[Q AA _.:E

examples_widget.py

Line : 48 ~ b2

qos

e, qos)
C name, .get velocity, qos)
' .5et led status)

rvice client

KK A E ros QASS M
7|12EQ 7| w, a, s, d, x, space bar L= 2t HEZ S50,
Z2O| HXl £ (linear) & 8™ £k (angular)ES H QU
Subscriber= 0| £k 245 41 2O} slider?t dial2t 22 QIC|AH|O[H=Z HE46IHLE LCD <At YEI= 245 HA|
MH|ALS| AL, radio button F747t U=, Of £ MENSIHH S 2= MH|A request 2= EHY

(o]

MH|A response?t L= 710 LEDZ} X[ THES LEME &= U= True, FalseS Bt

In
!
N
o

245t 4= QIEE Publishing($ros2 interface show geometry_msgs/msg/Twist)

fuin
= Of
el
r
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ROt M2l A4 AE

examples_widget.py

Line : 54 ~ 60

.publish timer = QTimer(
publish timer.timeout.connect(
.PUBLISH INTERVAL)

. .send velocity)

publish timer.start(

.update timer = QTimer| )
.update timer.timeout.connect(
.REDRAW INTERVAL)

.update indicators)

.update timer.start(

old ZE= & S &f+F F7[HO= Hlle timerF0f| CHot MAH
send_velocity : w, a, s, d, x, space bar 7| == HE Z2/0f Qo HAE &&= 2f publishing &4(100msOiCt S &)
= S ot+= 4EA0ZM FI|HOE IHEE|A| &

publish_timer= send_velocity &%
update_indicators : Subscribinget £ 4t
update_timer= update_indicators &



RQt OfIX| 24 A F 4]

ROt M2 _J.\Afi_':

examples_widget.py
Line : 146 ~ 154
send velocity(self):
velocity.linear.x

= Twist()
X .pub v

linear.:
linear.y = 0.0
0.0

i
i

twist
twist.
twist.

twist.linear.

twist.angular.x
twist.angular.y = 0.€
twist.angular. .pub velocity.
.publisher.publish(twist)

| geometry_msgs I{7|X|2| Twist QIE|H|O|AS AR
linear.x 2 angular.z2 X|45lH Publishingol= 9

angular.z

St
=

send_velocity gt 0|2F 20
ot ol K E 212t

XM= HXI
00ms(0.1sec)

EI Publishing 7|= 1
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_— 1
ROt HIQI AA FE

examples_widget.py

Line : 156 ~ 161
update indicators(self):
er x.setValue(int/( .sub velocity.linear.x * .CMD VEL X FACTOR))

.dial yaw.setValue(int| .sub velocity.angular.z * .CMD VEL YAW FACTOR))
.lcd number x.display( .sub velocity.linear.x)

.lcd number yaw.display( .5ub velocity.angular.z)

update_indicators &= 0|2} Z0| slider SEH, dial QE, LCD number YE{2| YXC = M
2t Mol e 2= MEA T 20|28t HE(linear) £ 3|M(angular) S & AE

oid 2 ET 2= GUI AEHZ = &= U E
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ROt HIQI AA FE

examples_widget.py

Line : 85 ~ 86

et velocity(self, msg):

self.sub velocity = msg

update_indicators &0lM AHSE HE £ F 3| £= 0|2 20| get_velocity &7t EES =418 IO HO0|E

0| SHA0|M AFRE OIE|I0|A S BT I{E2|A{Q} OIRIZIX|Z Twist QIE{H|0]A
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examples_widget.py

Line : 63 ~77

=
= =k

[
=+

(%] (%] L L LA
M M M M M
e =t
= =

[
=+

-push_button_w
.push_button
-push_button_

]
=+

]
=+

ce
se
self
ce
ce

[
=+

[
=+

.shortcut_
.shortcut
.shortcut

L L LA
m M M
el
=

[
=+

-push_button_
-push_button_

a.
-push_button_d.

-push_button_

d.

h-l

space =
_space.
_space.ac

push_button®Z X|™¥E w, a, s, d, x HE
(o]
=

Eof, ofidote 7IEE XS SR M S

-push_button_w
-push_button_
-push_button_

o
"

X,
d .

Ll'l Ll'l LI'I LI'I

setC

ed.connect (self.
ed.connect (self.
ed.connect(self.
ed.connect(self

ed.connect (self.

etShortcut( "
etShortcut(":
etShortcut( s
Shurtcut(
etShortcut( s

.decrease_angular

increase_linear x)
linear x)
—angular_z)

_2)

decrease

increase

se

t stop)

Qshortcut(QKeySequence(Qt.Key_Space),
Context(Qt.ApplicationShortcut)
ivated.connect(self.push_button_s.pre

ssed)
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examples_widget.py

Line: 103~ 117

increase linear x(self):

self.pub_wvelocity.linear.x += 6.1

decrease linear x(self):

self.pub velocity.linear.x -= 8.1

increase angular z(self):

self.pub velocity.angular.z

ecrease_angular_z(self):
elf.pub velocity.angular.z

et_stop(self):
elf.pub velocity.linear.

Zt push_buttons =3xS i A= &
CHRl= S| HZ, HE £520 m/sec, 3

X = 08.0
elf.pub velocity.angular.z = 8.8

|S& 7FC)[H

o] Hal

0= rad/sec

1P
i




ROt Ofxj| 2A = M
ROt H[Q AA _.:E

examples_widget.py

Line : 79 ~ 83

ft.radio button led on.clicked.connect{self.call led service)
f.radio button led off.clicked.connect(self.call led service)

f.radio_button_led_on.setShortcut{ o’}
f.radio_button_led off.setShortcut( ')

LED ON, LED OF

HES =218 Il call_led_service2t= AH|A S20|HEL|
push_button} H|==61A| L 20

ED ON2 7|HE9| "o’ AHH, OFF= 'f' XHHE

T
9'!



=4

ROt Of|x| 2A T
ROt H|QI AA FE

3xamples_widget.py
it self.radio_button_led_on.isChecked():
request.data =

elif self.radio button_led off.isChecked():

Line: 119~ 144

request.data =

' .format(wait_count))

wait count = 1
self.service_client.wait_for_ service(timeout_sec=8.5):

if wait count > 5:
return
self.node.get logger().error(’Se
wait_count += 1

future = self.service client.call async(request)

le rclpy.ok():
if future.done():
it future.result()
response = future.result()
(}.info(
] ‘. format(response.message))

self.node.get

HE E11 request 42 E True EE= FalseE X|HotH 2H

2t radio button®| 25 &E

call_led_service



ROt KX 24 7 F4
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examples_widget.py

Line : 88 ~ 101

set led status(self, request, response):
if request.data:
self.push_button led status.setText( ON")
self.push_button led status.setStyleSheet( ' color:
response.success =
response.message = 'LED ON'
request.data:

self.push button led status.setText( OFF")
self.push button led status.setStyleSheet(' ')

response. success =

response.message = 'LED OFF°

response. success =

retTurn response

r
gol

|.

r

Mb|A S2H0|HES| QFS &0t 2[5t e+
SetBool MH|A QIE|HO|AE A2SHH request.data 20l [t HEQ| MEHE HA
HE HEfQL Mt HAO| MSHMOR A=EM, 1 AME ‘success'? ‘message’ H=0i| HOt AH|A S20[AE0 Hiet

[
t

roh

tS 22L0|HEN|A 2het
C
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examples_widget.py

Line : 163 ~ 169

shutdown widget(self):
-update timer.stop()
.publish_timer.stop()
-node.destroy_client(self.service client)

.node.destroy_service(self.service serwver)
-node.destroy_ subscription(self.subscriber)
.node.destroy publisher(self.publisher)

examples.py2| shutdown_plugin 47} S&5t= g4

rqt_example =EE MaliS E{O]E ZOA ctrl + ¢ (SIGINT) A5 L= UISIHOIM Q] 2 27| HE



ROt E2{19!1 oj|H| Al
Turtlesim Node &= Of||

7|X| 2=

= cd ~/rgt_example
= colcon build

= source install/setup.bash



RQt S2|121 of|x]| &lH
Turtlesim Node &= 0f|A|

7|X| 2=

= DIk ‘gt_gui_main() found no plugin matching~'1t Z2 0f|2] 244 A

- $ 'rqt ——force—discover’ HZ0{ Al3H

IR
rir

- 'rm ~/.config/ros.org/rqt_gui.ini° AN Z AN I}

Ol Al

=

510l

=

|

| rqt_example_Examples - rgt
|
[ERQT Example

Topic Publisher Example

wfx key: increase/decrease linear velocity
a/d key: increase/decrease angular velocit
space key, s key: force stop

Service Client Example

LED ON LED OFF

[ o key: LED On / f key: LED Off )

= O
D@ -
Topic Subscriber Example
v @
~/ X
\
- I_
/
N / :
i1 i1
! m/s | rad/s

Service Server Example

LED Status

Oon/off




ROt 2191 OjIxj] Al
Turtlesim Node &= Of||

SIX| O}

X TurtleSim - X rgt_example_ Examples - rgt - o X

ERQT Example D@ - C

Topic Publisher Example Topic Subscriber Example

w
a S d )

X
wix key: increase/decrease linear velocity
a/d key: increase/decrease angular velocil i1 i
space key, s key: force stop Il m/s Il rad/s

Service Client Example Service Server Example
LED Status
LED ON LED OFF

Oon/Off
(o key: LED On [ f key: LED Off ) 5




ROt 2191 OjIxj] Al
Turtlesim Node &1E 0| A|

= x| I} ros2 launch rqgt_example turtlesim. launch.py

turtlesim.launch.py X

generate launch description():

gInf g=['Exe

namespace="'t
package=
executable="'rqgt
name='rqt exampl
output=

package="1
executable="tu

output=




ol

ROt S2{19! Ojjxj] Al
Turtlesim Node &= Of||

x TurtleSim B X rgt_example__Examples - rqt

ERQT Example

Topic Publisher Example

X

w(x key: increasefdecrease linear velocity
a/d key: increasef/decrease angular veloci
space key, s key: force stop

Service Client Example

(JLEDON () LED OFF

[ o key: LED On / f key: LED Off )

— a X
D@ -0
( )
Topic Subscriber Example
(]
oo 7
L. Um/s . radss
Service Server Example
LED Status
. _omoR y,




ROt =221 Ojxj] AlH
Turtlesim Node $1= 0| A|

M=Z& HO|Z28 "1, source install/setup.bash &,
ros2 topic echo /turtlel/cmd_vel 2 Sal|, ETI(| &

og
Iy
ir
v
o
®)

Topic Subscriber Example
ol
vl "
/ A
| - angular:
¥: 0.0
N y: 8.0
z: -B.2
o _ 7
. lmy/s Il . rad/s




AXGHM Build
sEIAT

S
-

S~

3

SIMEE: B7H/EA

Al H 7|

2=Ms6iA Bu

RQT Example

Topic Publisher Example

ild off 27|

w/x key: increase/decrease linear velocity
a/d key: increase/decrease angular veloci
space key, s key: force stop

Service Client Example

LED ON LED OFF

[ o key: LED On / f key: LED Off )

Shutdown

C) GitHub https://github.com/ros—visualization

the RQt example.

= 0O
D@ -0
Topic Subscriber Example
N
vl "
7 b
| | 1
||I .'
4 /
\:‘.x__ _— _,/
Mo i
L lmys Ll . rad/s
Service Server Example
LED Status
on/Off
—

S ros2 run rqt_example rqt_example -

-fo

rce-discover
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Lifecycle

create

Unconfigured shutdown

CleaningUp Configuring

ShuttingDown
shutdown

deactivate
destroy




Lifecycle

Lifecycle

Lifecycle
ROS20|ME Eo| ME) HE|E 2|5 Lifecycle CIE{HO|A X2
LE= £ MEf(Unconfigured, Inactive, Active, Finalized)2t M2t & E{(Configuring, CleaningUp §)& 74
LEE HAMCR 2| I HEf Mets Solf LEF 74, &def, dlgdsat, del 7ts
[AI-R EI‘l ]
= L EJ} EH| SUK|
= OFZ] HIo|E 5% Otgt AEHOIX]
= QMHSHA| A& 7hset AEfQIX]
ALE]

= Pl 20| Eof HE| HatE EEtoH

o

2



Lifecycle

Lifecycle
OSe =F/l2 Z2MAE 2EXOE He|otV| o ZEMAL| HEHE FOlotdl, HJEH| Hets
D2 MAS HEl= Z2MA, B2 Z22 AHEe| 2 (R0 et H2lE
D2 MAL| HEi= Xe| A, w2 M, H22] &d SO 2fo) HatE = US
exit
/{ running I » terminated
dispatch .f' 1 _ \sleep
I' ‘/| preemption ;
ready - asleep
/’ 3 walikeup 3
created K swapping /I."I swapping
\ suspended |/ suspended
ready blocked

wakeup

=

il
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Lifecycle

* ROS20j|M= Lifecycle QUEIHI0|AS Soll ==2| JEH =tQI0[Lt X{EH, W X7t 7ts

= OfAl: 72t MME Saf W2 0|0|X| YRS YZksH= E

C2 SRA|7| HO| FHHEIRI] SAIS 98t EET MHE TR S0l

A LCZ SX
DfoF L Cop SRS TEO 0247t A SIQICHH KAl 1 SAS HET O3S SHZS CHS KHAIE!
S Z2A7|0 &HE 02 LCE S5

]
= 2tF9| Hisrz Qlal 0|2 ofl @2 +~ YUHH olfd &=
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create

/—%

configure

ErrorProcessing ‘

CleaningUp

Configuring

g

Y

ClE&W

Inactivate

shutdown

shutdown

Deactivating

Activating

Finalized ‘

destroy

)

deatW

:

shutdow

ShuttingDown A
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Lifecycle

Lifecycle
create
. Unconfigured shutdown
configure
ErrorProcessing ‘ CleaningUp Configuring ;
cleaW
Inactivate — P ShuttingDown ‘ =0 A}
shutdown
v activate
Finalized ‘ Deactivating Activating 4 Unconfigured: 'E7t M-l 229 AEY, 0f2] LY 0| CIA| ZHE = U= HEY
deaW Inactivate: .eE7t SEE +olX| Y= HH. O2t0|E S5, ET Y7 1= 7t
destrgy shutdow

Activate

)

Finalized: ‘=S 7} 2|0 SHAIE|7| X AR} L= C7t OFR|E)7| F CIHZ0|L} LS

HAIZ ZIRE 4 QU A



Lifecycle
Lifecycle

create

shutdown

P  Unconfigured

/ configure
CleaningUp Configuring &

i

ErrorProcessing

destroy

)

cleaW
Inactivate P ShuttingDown
shutdown
activate SEA
‘ Deactivating Activating J

i na: C= M5 Qo) Qs M AsH

deaW shutdow Configuring: EE F4517| 2loll B0t 4

Activate CleaningUp: L=E7t HS MAEIQS T MBS SUSH DIEE 2HY 43
Activating: ..E7t &2 £d617| M OrX[2 Z=H| 2P 43
Deactivating : =E7t &2 £alo7| M2 S0PH= MY 8
3t 2k 23

ShuttingDown: '=E7} TR E|7| M EHQ

ErrorProcessing: AF2XAF ZE=7}¢



Lifecycle
Lifecycle

s X}
. crear Unconfigured shutdown ==
/"m Create: ES MM =7| MEE AH
ErrorProcessing ‘ CleaningUp Configuring 4 Configure: =EE {14510 =H| MEHZ D5
deamT g Cleanup: l=E8 £7|35101 0| AEI2 £S5
—» Shumngnowng Activate: =EZ EX43I510] 7158 88 4 UH &
Deactivate: ==& H|2dolol0] S2= HE
Shutdown: =EZ QoA S=ot= 24
= HE2|0AM 20| HA

Destroy: .=

activate
Activating 4

v
Finalized ‘ Deactivating
deaW shutdow

Activate

destroy

Y
®



Lifecycle
Lifecycle

' 02 3

O

Oz LSS 43 (Z7] O EHOI'Z0A A3)

$ ros2 run lifecycle lifecycle_talker

$ ros2 run lifecycle lifecycle_Llistener

$ ros2 run lifecycle lifecycle_service_client




Lifecycle
Lifecycle

= |c_clientE ASHA|Z A| Ic_talkere| MEf7} configure = Inactive = Activate - Inactive

Active = Inactivate = Finalized?| A2 XalE|=

[INFO]
[INFO]
[WARN]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[WARN]
[INFO]
[INFO]
[INFO]
[TNFO]
[INFO]

[WARN]
[INFO]

tiNFO]
[INFO]

[1734957585.
[1734957586.
[1734957586.
[
[

1734957587
1734957588

[1734957595.
[1734957597.
[1734957598.

1734957605.
1734957606.
1734957606.
1734957607.

[1734957615.
[1734957617.

1734957625

1734957626
1734957627

[1734957635.
[1734957645.

584383029]
5846798851
584834264 ]

.584579847]
.584537043]

584612628]
585062244]
584647883]

5853115651
584640621]
584859103]
584641216]

5852838461
5858020351

[ .585313310]
[1734957626.
[
[

584621985]

.584858428]
.584537851]

586532316]
584812617]

[lc_talker]:
[lc_talker]:

= A=

on_configure() is called.
Lifecycle publisher is currently inactive.

[LifecyclePublisher]: Trying to publish message on the

[lc_talker]:
[lc_talker]:

[lc_talker]:
[lc_talker]:
[lc_talker]:

[lc_talker]:
[lc_talker]:

Lifecycle publisher is currently inactive.
Lifecycle publisher is currently inactive.

on_activate() is called.
Lifecycle publisher is active. Publishing:
Lifecycle publisher is active. Publishing:

on_deactivate() i1s called.
Lifecycle publisher is currently inactive.

[LifecyclePublisher]: Trying to publish message on the

[lc_talker]:

[1c_talker]:
[lc_talker]:

[lc_talker]:
[lc_talker]:

Lifecycle publisher is currently inactive.

on_activate() is called.
Lifecycle publisher is active. Publishing:

on_deactivate() is called.
Lifecycle publisher is currently inactive.

[LifecyclePublisher]l: Trying to publish message on the

[lc_talker]:

[lc_talker]:

Lifecycle publisher is currently inactive.

on cleanup is called.

stol JHs

Messages are not published.

topic '/lifecycle_chatter',

Messages are not published.
Messages are not published.

[Lifecycle HelloWorld
[Lifecycle HelloWorld

Messages are not published.

topic '/lifecycle_chatter',

Messages are not published.

[Lifecycle HelloWorld

Messages are not published.

topic '/lifecycle_chatter’,

Messages are not published.

[lc_talker]: on shutdown is called from state unconfigured

but the publisher is not activated

but the publisher is not activated

but the publisher is not activated
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= Security= SROS2| QEIZ|E|Z2, DDS-SecurityS ROS20|AM At26}7] ol 2R st E3E 20}
HO7| MEA 4l
$ mkdir ~/sros2 demo

A

N

$ cd ~/sros2_demo
$ ros2 security create keystore demo keystore

55§7|Amu € ~/sr0s2_demo/demo_keystore/enclaves CIRIER| Sl IGHHT |

curity create _enclave demo _keystore /talker listener/talker
curity create “enclave demo Feuhtnre ,tq1ker listener/listener

ort ROS_SECURITY KEYSTORE=~/sros2_ demo/demo_keystore
= ¥ :FT HDS_SEIUHIT\_EHABLE true
oxport ROS_SECURITY STRATEGY=Enforce € Terminator 27l A126HA] X1 : menu = broadastall



ROS2 CLI
ROS2 CLI &5

= 2HF¥H 371
1. ROS_SECURITY_KEYSTORE : Hotdd M S HEsk= S E XI’H. demo_keystore
2. ROS_SECURITY_ENABLE : HQt MH9| On/Off 7|22 true/false HEE M. Default= false
3. ROS_SECURITY_STRATEGY : HQot MH W Enforce= AHotH HOt M MAO0| = HIAIX| SHE 2X],
Permissive| Z< H|EQF FHOXAIZ FHAAZ.

X 9 82is: 37IRKE (B Al TOLCH Ot 2t EJO|QolA AMotsHof &
ROS2 29t 7158 XI4XO2 AKSE OHOI2H ~/.bashrcoll £71510F



ROS2 CL
ROS2 CLI &&

= Security= SROS2| SEIZ|E|2, DDS-Security= ROS20{|A At23}7| $laH
talker node Alalist0] HI2E A|&!

¢ ros2 run demo nodes cpp talker --ros-args --enclave ftalker_

2Qot 415 2O0H=E

listener/talker

MZ2 EO|20|A listener node &3l

¢ ros2 run demo_nodes py listener -0s-args --enclave /talker_

Listener/listener

. 0| ESS QI U ASEE ARSI 54 3
g =52 HHe 7(2t ASME MY o2 F40] 7t5)



victor@victor-VirtualBox: ~/sros2_demo 140x37




r \

gvictor-

VirtualBox:

I -—enclave /talker listener/talker

[INFO] [1743335530.355656954] [rcLl]:

S ros2 run demo_ nodes _cpp talker

Found security directory:

-ros-args

victor/sros2_demo/demo_keystore/enclaves/talker_listener/talker

[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]

INFO]

victor@victor-VirtualBox:

[1743335531.
[1743335532.
[1743335533.
[1743335534.
[1743335535.
[1743335536.
[1743335537.
.380389524]
[1743335539.
[1743335540.
[1743335541.

BYLEEELLET:

376817366]
376825748]
377846399]
409273611]
536408580 ]
553354812]
391649935]

433211068]
382267269]
565872989 ]

[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:

Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:

victor@victor-VirtualBox: ~ 69x19

s --enclave /talker listener/listener

[INFO] [1743335531.931306501] [rcl]:
victor/sros2_demo/demo_keystore/enclaves/talker_listener/listener
[1743335535.
[1743335536.
[1743335537.
[1743335538.
[1743335539.
[1743335540.
[1743335541.

[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]

776839627]
561147367]
465623363]
413883224]
439844327]
467968782 ]
569303689 ]

[listener]:
[listener]:
[listener]:
[listener]:
[listener]:
[listener]:
[listener]:

I heard:
heard:
heard:
heard:
heard:
heard:
heard:

'Hello
'Hello
'Hello
'Hello
'Hello
'Hello
'Hello
'Hello
'Hello
'Hello
'Hello

[Hello
[Hello
[Hello
[Hello
[Hello
[Hello
[Hello

World:
World:
World:
World:
World:
World:
World:
World:
World:
World:
World:

World:
World:
World:
World:
World:
World:
World:

/home/

== O OO NS WN =

L <)

~$ ros2 run demo_nodes_py listener --ros-arg

Found security directory: /home/

5]
6]
7]
8]
9]
10]
11]

victo

[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]

=

victor

[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]
[INFO]

INFO]

r@vice

gvic

tor-

or-virtu
[1743335531.
[1743335532.
[1743335533.
[1743335534.
[1743335535.
[1743335536.
[1743335537.
[1743335539.
[1743335539.
[1743335540.
[1743335541.

Virtu
[1743335531.
[1743335532.
[1743335533.
[1743335534.
[1743335535.
[1743335536.
[1743335537.
[1743335539.
[1743335539.
[1743335540.
[1743335541.

alBox:~9§
884296094 |
902893979]
974970439]
905606756 ]
887708207]
909588102]
894644175]
004986820]
887779320]
886731534]
885649951]

ros2

[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:
[talker]:

run demo_node
PUBLLShing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:
Publishing:

s_cpp talker

"Hello
'Hello
'Hello
'Hello
'Hello
'Hello
'Hello

Hello
'"Hello
'Hello
'Hello

World:
World:
World:
World:
Jorld:
World:
World:
World:
World:
World:
World:

alBox:
8926913807]
905896239
978221801 ]
919472599]
950490367
915053162 ]
898107485]
008296462 ]
891871550]
893601264 ]
890463236 ]

[Listener
[listener

]

| &
[Listener]:

]

[listener

[listener]:
[listener]:

S| ros2 run demo_nodes py
S EEIE
[listener]:
[listener]:
[listener]:
[listener]:

1 hearda:
heard:
heard:
heard:
heard:
heard:
heard:
heard:
heard:
heard:
heard:

o I B I B B B B B B )

listene
LEAE
[Hello
[Hello
[Hello
[Hello
[Hello
[Hello
[Hello
[Hello
[Hello
[Hello

;
World:
World:
World:
World:
World:
World:
World:
World:
World:
World:
World:

= O ONOUL A WN

- O




ROS2 CL
ROS2 CLI &&

192.168.1.32

192.168.1.55

192.168.1.78

192.168.1.99
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