TIER IV ACADEMY

= E))5E

BEn> AT B

Day2 ROS /& /Hﬂj_‘|
ROS/EZ 3 : ROS 2.0 Oasghm(Cc DU T

VTierV

Intelligent Vehicle

version 1.3




CDEZB(CDLT

ROSEZE 1 : catkin EJL RS XF A
ROSEZE?2 : J— RDEKE FEWODEE - BE5t

v ROSEZE 3 : ROS2.0 OFRIFENIMEI(CDULNT
ROS JEZE 4 : TF OVER
ROS JEZE 5 : RViz TOEXR

I1Z=

® ROS EZE 1 ~ 5 TIFROSOEARMN IR E R iTxF 3

® ROS JEZE 3 : ROS2.0D&##EmIC DULNT

« ROS

v ROSOBIE

v ROSOO#ERE - Y —)LEXDIBIT
« ROS2

vROS2& (& ?
v ROS2(DH %3S DDSIC DULNT DB

@Tier \'} ROSIEZ 3 : ROS 2.0 DEIEMEI(CDNT

Intelligent Vehicle



>

\r
JiT
=t
ul

N2
JT
N
l

\npx
JUT
W
ll

Intelligent Vehicle

1. ROS &(&
2. FE

: ROS 2.0

1. A>T~
2. DDS
3. WAk

= as'))

: ROS (Robot Operating Systems)

ROSEZ 3 : ROS 2.0 DEFEImI(CDULNT



ROS/EZ] 3 : ROS 2.0 MeFfENm(CDLT

/~

% 15 : ROS (Robot Operating Systems)
1. ROS& (3

Intelligent Vehicle



ROS & (2 :ROS

ROS (Robot Operating System)

:ORY MARCHITD ST SUPY—) Lz

IN\= ROz 7SI, T/I\AARSAI/I SATZU, RHEMLY—IL.
T—AEE. /I\wIT—8H etc

L= = * 3 @ $ = & & =
. * ¥ @ % = ¥ N
B HRTHRBHASNTNDIORY k== = = ~ =
L > & & o
=PLoTr v 2 & R T
B EELQHEORY b - oY g AENENEYE!
@« i S - 4
B A—T>2YV—-X 1L e K
o P 3 & <
B H/h—K~E5E: C++, Python ¥re-= =

m EEEK . OSRF @ (’

m XJ50S : Linux
u bU ntu Open Source Robotics Foundation
@Tier \'} ROSIEZ 3 : ROS 2.0 DRIFENEIC DT 5

Intelligent Vehicle



\ BEHEIRS AT AICHIFTDROS (1/2)

ITS
(Intelligent Transport Systems) International cooperation
+ +
Internet Laws
~—
- P
o L g
A °
Interface
2 3 4

@Tier \Y] ROSIEZ 3 : ROS 2.0 DEIEMEI(CDNT

Intelligent Vehicle



| B8 X5 ACHBIFBROS (2/2)

B &hiEER

Linux (Ubuntul4.04)

CPU GNSS
(multi/many) S (GPS) SR

@Tier \'} ROSEZ 3 : ROS 2.0 DEHEEICDNT



ROS/EZ] 3 : ROS 2.0 MeFfENm(CDLT

/~

% 15 : ROS (Robot Operating Systems)
1. FE

Intelligent Vehicle



| ROS D BE
ROS (Robot Operating System) cos ROS
Ry MEFECBITDI ST T UDY —) Lz

Publish / Subscribe €5 )L
o J—RODEESEU TS RTLZIEE

o FEVIENLTT - 5EPOERD ~ I;]E
e

NEWYD

Q Displays. -
* ® Global Options
Fixed Frame wortd
Background Color I 46; 48;
Frame Rate 30
>/ Global Status: Ok N
/ » ® Grid N \
ZIN e )
7= R emred H \
» 4 Vector map
» B image N A
» B Camera
» £ Points Raw -
» 2 Vscan Points ® 4
» # Control poze =
» # Current Pose |
» @ Noxt Waypoint M... B
» @ PP Trajectory Mark B
Ry » @ Detection Range
IRY » @ Obstade
— » @ stixel <
— » @ Prius Model -
. Points Cluster -
» 0 Object Pose i
» W Lmewaypoine @

J—RK 2

ROS/EZ 3 : ROS 2.0 OFFEIMICDOLNT

@Tler Y]

||||||||||||||||||



Publish / Subscribe )L

Wiz ) —kEUTHE - BEL. FEYIZNULTT 5D
POEDZITS,
= BHAE - £EMEOR L, DEERIEADEWFRIE EE D

NEw o

Publish @] Subscribe

@ Subscribe ‘ ‘ T EIRE
J—F J—R
iR

®TierlV J—R "

eeeeeeeeeeeeeeeeee



Publish / Subscribe )L

Wiz ) —REULTHE - BEL. PEYIZNULTT—HD
POEDZITS,
= BHAE - £EMEOR L, DEERIEADEWFRIE EE D

NEw o

[Zaa)

3
—+ I LB

@Tier N ROS/EH 3 : ROS 2.0 DEFEIMEIC DT 11

Intelligent Vehicle



Publish / Subscribe )L

Wiz ) —REULTHE - BEL. PEYIZNULTT—HD
POEDZITS,
= BHAE - £EMEOR L, DEERIEADEWFRIE EE D

NEW! hEw D

<:

& @
= =}

@Tier \'} ROSIEZ 3 : ROS 2.0 DEIEMEI(CDNT

Intelligent Vehicle




| ROS D 45 E

TCP/UDP or HEXEU H#hR1E
- L User Code
- L g
0

Hardware

SEB”NY -
(FIARARSA)NPSALITS5)

GAZEBO

@Tier \Y) ROSIEZ 3 : ROS 2.0 DEIFTENEIC DT 13

Intelligent Vehicle



| ROS D 1BE

Gazebo:3D¥YpiE> =3 L —%4 RViz:3DREALYW—)L

587173GUI CROS L DIELNFER RHEICS R LRRRE SR TS
\

[(B&E7—4]

® SLixL/ztz>HY7—%4 (rosbag
J7A1I)

® IEELIEDT—4

GAZEBO Nitowars

@Tier \Y) ROSEZE 3 : ROS 2.0 DEFHEEICDLNT 14

Intelligent Vehicle



| ROS D 45 E

TCP/UDP or HEXEU H#hR1E
- L User Code
- L g
0

Hardware

SEB”NY -
(FIARARSA)NPSALITS5)

GAZEBO

@Tier \Y) ROSIEZ 3 : ROS 2.0 DEIFTENEIC DT 15

Intelligent Vehicle



| ROS D 45 E

R

User Code

Nl

NON

VA,

Hardware

— bk

2,000 XDV I D177\ . 0 ~
o — TR SEERNYITT—S
(FINAARSAINPSA4T3V)

FRARATIR - [EERALEE - RERILIE
IREEBE(CHR— 0

Lo pcl &8

@Tier \Y) ROSIEZ 3 : ROS 2.0 DEIFTENEIC DT 16

Intelligent Vehicle



| ROS D 7T UL —> 5 >4
7 LAk

I\ T —= 1 YPIRERE

/ — I : ImageProccessing Image.msg

Header header

Camera.cpp ImageProcessing.cpp | | Detection.h uint32 height
uint32 width

string encoding

uint8[] dataV

SAFLETIV

(om0 =

@Tier \Y ROSIEZE 3 : ROS 2.0 DRIFENEC DT 17

Image
Proccessing




ROS/EZ] 3 : ROS 2.0 MeFfENm(CDLT

=525 : ROS 2.0
1. >t~

Intelligent Vehicle

18



| ROS2: a>tTF ~

TR, B3R - 0 MY TREEEF(CRF(2007.11-) =NTeht-

mLLWI1I—-RT—2X

~

A """!; L o of ]
:Lﬂ? 1

B

&qh

SR

@Tier \'} ROSIEZ 3 : ROS 2.0 DEIEMEI(CDNT

Intelligent Vehicle

19




| ROS2: a>tTF ~

TR, B3R - 0 MY TREEEF(CRF(2007.11-) =NTeht-

MLWIL—-RTF—2X
- -

ROS 2 DBIFENSEST 72
(alphakRh 2 fao

@Tier \'} ROSIEZ 3 : ROS 2.0 DEIEMEI(CDNT

Intelligent Vehicle



ROS2: >t~

DDS (Data Distribution Service) e d DDS
. TZAFAED Publish / Subscribe @&t

o ¥R
- Publish / Subscribe €5 )L
- QoS (Quality of Service) D{R:LE
DN R ) s

o FIA=EIT

- ZwS a3z oUFa DIVIRERIR (BE, 5 L, fiohA, fMZEH etc.)
- U7)LEA L | #BiAFH = AT I
' ! : B?

[RTI Connext]

ROS/EZ 3 : ROS 2.0 OFFEIMICDOLNT

21



ROSEZ 3 : ROS 2.0 DEFENEIC DT
25 : ROS 2.0
2. DDS

Intelligent Vehicle

22



ROS2 : DDS/#&k

=
----- ‘lllIIIIIIIIIIIlllllllll;lllllllllll
L]

E) g Paléticipant: 7\ (Participant )
Data

Data Data Data
Reader Reader Writer
|
Quality of Service Policy

|
Real-Time Publish/Subscribe (RTPS) Protocol

/" Participant;

Data Data
Writer Writer
Publisher
v

Distributed Network

@Tier \'} ROSIEZ 3 : ROS 2.0 DEIHFEMEICDNT

Intelligent Vehicle



ROS2 : DDS/QoS

4 EParticipant H|3T0RY\

Dat U datal

ata

QOS data2
7

Data
Reader

4 i’articipant )

QoS

data3
o
\ ata / \
RELIABIRITY
—datad—data3data2[ datal[—
<>

DEADLINE period
@Tier \") ROSEZE 3 : ROS 2.0 DRFFEECDLNT

Intelligent Vehicle

24



ROS2 : DDS/QoS

EEIDIEDFERE & R T5

: ALL (7C) or LAST (fER DY)

/ EPa rticipant story BEDEREENTE

U datal . RELIABLE or BEST EFFORT
Data

QOS data2 ; Y
7

data3
X =1y BRI
RELIABIRITY
—datad4[—]data3[—]data2[—datal
>

DEADLINE period
™TierV ROSHEE 3 : ROS 2.0 DEHEIEIC DT 25

||||||||||||||||||



| ROS2 : DDS/Q0S

- QoS Policy QoS Policy -

DURABILITY
DURABILITY_SERVICE
HISTORY

READER DATA LIFECYCLE
WRITER DATA LIFECYCLE

LIFESPAN

ENTITY FACTORY

RESOURCE LIMITS

RELIABIRITY

TIME BASED FILTER

DEADLINE

USER DATA
TOPIS FILTER
GROUP DATA
PARTITION
PRESENTATION

DENTINATION ORDER

OWNERSHIP

OWNERSHIP STRENGTH

LIVELINESS

LATENCY BUDGET

TRANSPORT PRIORITY

X IRFIFIHFEROS2TH 7R— N [Data Distribution Service (DDS) Version 1.4 April, 2015]

ROSEZ 3 : ROS 2.0 DEFEImI(CDULNT

26



ROS2 : DDS/Vendor

SM1tE2RX HBAEU

Bik— MR

° RTI Commercial
rt' (Real-Time Connext
Innovation) Research
Commercial

>
“ :& PrismTech  OpenSplice
LGPL (v6.40D)

<> eProsima FastRTPS Apache 2

OSRF

(Open Source
(’ Robotics FreeRTPS Apache 2

Foundation)

@Tier \Y] ROSIEZ 3 : ROS 2.0 DEIEMEI(CDNT

Intelligent Vehicle

27




‘ ROS2 : DDS/Vendor DDSTERRRE ICEED o e RFAV Y

BR— MRR

° RTI Commercial
rt' (Real-Time Connext

Innovation) Research

Commercial

>
« :& PrismTech  OpenSplice
LGPL (v6.40Dd+)
<> eProsima FastRTPS Apache 2 - ©)

OSRF

(Open Source )
(’ Robotics FreeRTPS Apache 2 A\

Foundation)

@Tier \Y) ROSIEZ 3 : ROS 2.0 DEIFTENEIC DT 28

Intelligent Vehicle



‘ ROS2 : DDS/Vendor DDSTERRRE ICEED o e RFAV Y

RTI Commercial
(Real-Time Connext
Innovation) Research

Bik— MR

Commercial

>
“ :"’ PrismTech plice
LGPL (v6.40D)

@Tier \Y] ROSIEZ 3 : ROS 2.0 DEIEMEI(CDNT

Intelligent Vehicle

29



‘ ROS2 : DDS/Vendor DDSTERRRE ICEED o e RFAV Y

Bik— MR

RTI Commercial
(Real-Time Connext

Innovation) Research

Commercial

>
) :"’ PrismTech ~ OpenSplice
LGPL (v6.4D3)

@Tier v ROSIEZ 3 : ROS 2.0 DEIFTENEIC DT 30

Intelligent Vehicle



ROS2 : DDS/Vendor

SAE2R  HBAEY HBiR— MR

<> eProsima FastRTPS Apache 2 - ©)

OSRF

(Open Source
(’ Robotics FreeRTPS Apache 2 - AN

Foundation)

@Tier v ROSEZE 3 : ROS 2.0 DEFHEEICDLNT 31

Intelligent Vehicle



ROS2 : DDS/Vendor

SAE2R  HBAEY HBiR— MR

. Commercial v

rt) °
I
O
©
OSRF

(Open Source )

Robotics FreeRTPS Apache 2 JAN
Foundation)

@Tier v ROSEZE 3 : ROS 2.0 DEFHEEICDLNT 32

Intelligent Vehicle



ROS/EZ] 3 : ROS 2.0 MeFfENm(CDLT

525 : ROS 2.0
3.

Intelligent Vehicle

33



| st

ROS1 D AF I ROS2D3AF I
IEED
ROS2
D572 NS5ATS IIA7Y FSATSY
SRLYLT
A DDSHSRAL,
TCPROS / UDPROS
DDS
oS/ Linux Linux/Windows/Mac/RTOS/No OS

@Tier \Y ROSHEZ 3 : ROS 2.0 DEIFHEEIC DT 34

eeeeeeeeeeeeeeeeee



| ROS2 : #BK

1. DDSZ=HRLTE(E
(SF 7T Ee

@Tier v ROSEZE 3 : ROS 2.0 DEFHEEICDLNT 35

Intelligent Vehicle



| ROS2 : #8R%  [BAZErR...]

RTPST O R)LICKD
ERIKIRDIE{S

@Tier v ROSEZE 3 : ROS 2.0 DEFHEEICDLNT 36

Intelligent Vehicle



| ROS2 : 381

ROS1
SIAIB

nodelet

— -
- b .

TCP/UDP TNL_EXEY -
ROS2
inter-process intra-process
[ /I
------ v

TCP/UDP,
DDSOHEEFAEY

-
N e e -

™TierlV

Intelligent Vehicle

ROSER 3 : ROS 2.0 DEFENEICDULNT




| ROS2 : 381

ROS1
SIAIB

TCP/UDP

nodelet

ROS2

—
- =

-~
N, —m e ——

rosl_bridge

inter-process

IE
(Cros2)(ros2

TCP/UDP,
DDSOHEEFAEY

-
N e e -

™TierlV

Intelligent Vehicle

ROSER 3 : ROS 2.0 DEFENEICDULNT

m
Cros1 ) (gos>

38




| ROS2 : #5AFs - UTILEA I
| 44> | InProgress | FutureWork _

ARM A-class

_ ey I ; A i
5 —4vy N CEE e e 32-bit MCU 8/16-bit MCU
RAM 1-16GB 4-256KB 1-32KB
Windows, OS X, 16 OS
0> Linux (Ubuntu14.04, RTOS (Xenomai, PREEMPT RT)
16.04)
O—RYYD
e UVIVFA L

® QoS MY R— MLEX

® AEVUEIM : TLSF (Two Level Segregate Fit) allocatord>FF
® RTOS_ETOOENME

® intra-process (XBXEUFIAH) DOU7ILF A LML

o fHiAdH
® FreeRTPS (ROS2 [MFERE DDS) DBIF
CEEDHR— ~

@Tier v ROSTE 3 : ROS 2.0 DEFHFEIC DT 39

Intelligent Vehicle



ROS/EZ] 3 : ROS 2.0 MeFfENm(CDLT

Jif

55

\[1jx

Intelligent Vehicle

'S

8D

40



X E&D

ROS (Robot Operating System)

- Publish / Subscribe EFJ)UICEKD., J—REULTPZTUS—2 3> %/ER
-EERWY—IL AT Y - )\Wwh—= HREGE(CH)FATRIEE

Publish/Subscribe 5L TCP/UDP or ATV HMRIE
o J—ROESLUTIATLZIBE User Code

o MEYIENLTF—FEPDED | =k g
hEvo C=EH-
4 0
I Hardware
g A -YI1L-3> 2ERNvr-3

@ (FINAARSANPSA4T5Y)
. S
GAZEBO @

ROS 2

- U7)LIA I - $BAFHFE AT ANDXF it
- DDS (Data Distribution Service) Z=#IF
- QoS (Quality of Service) Z{R:il

@Tier \'} ROSIEZ 3 : ROS 2.0 DEIEMEI(CDNT



~TierlV

Intelligent Vehicle

www.tierd.jp

42



ROS/EZ] 3 : ROS 2.0 MeFfENm(CDLT

Appendix

Intelligent Vehicle

43



| s~k

B OSRF/ROS.org - [http://wiki.ros.org/], [http://wiki.ros.org/ja]
B OSRF/ROS2 wiki — [https://github.com/ros2/ros2/wiki]

B OSRF/ROS2 Design - [http://design.ros2.org/]

M OSRF/FreeRTPS - [https://github.com/ros2/freertps]

B ROSCon2015 - [http://roscon.ros.org/2015/]

B ROSCon2016 - [http://roscon.ros.org/2016/]

M RTI/Connext - [http://www.rti.com/]
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