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222 ) meets EMB for IoT!!

Platform for accelerating the development of robot systems

3 http://www.ros.org/about-ros/

Capabilities Ecosystem

Integration of j
Embedded Technology

« cOMmM. performance

.....
e

.

— responsiveness (latency)

ar ® — real-time performance (variation)
o The essence of ROS is Plumbing ’ = L L Power consumption

— Loosely coupled arch. of ROS nodes 4 - n ROS 2/DDS communication tech.
—— — Easy to register, delete, and restore them is also expected to be deployed

Qg - Basis is pub/sub comm. via Topic in the IoT field

N



http://www.ros.org/about-ros/

i 2 X % How to “embed”??

on SBC

[native ROS 2}

-~

micro-ROS
on EMB board

various kernels & boards

~

serial, UDP, Bluetooth trans.

fully compatible with rclc

K XRCE-DDS (with agent) /

e,
.
»
.
>
»
>
*

-

MmROS 2
on EMB board

better perf. & mem. usage

only for Topic comm.,

\

partially compatible with rclcpp

and many unsupported features

K such as QoS, Service,,, /




coo g
Dive into comm. ::: 2 i 111 2
" GPC N O ¢« RTPS: comm. protocol of DDS

— SPDP/SEDP: autonomously
searches/establishes communication
partners/paths (w/o master)

— GPOSes are essential!l! (ROS 2 itself)

~ « micro-ROS: de-fact of EMB platform
rtps — employ Micro-XRCE-DDS (default)

P
@ >»agent is necessary as the master
RTPS communication directly
% from EMB without an agent!!

X GPC: General Purpose Computer

EMB' Embedded Micro-controller Board

THE UNlVERSlTY OF TOKYO




Software Stack iﬁ 2

pub/sub messaging for Topic
partially compliant with rclcpp

MROS 2 application
MROS 2 API
MROS 2 comm. lib. autonomous communication
RTPS (embeddedRTPS) in accordance with RTPS specification
UDP stack (IwIp)
CMSIS wrapper
Kernel (asp3, Mbed, POSIX)
HAL library
Embedded devices

lightweight and efficient process
by C/C++ for <~200MHz / <~1MB

contributes perf. and mem. usage

real-time kernels for EMB ]

:



NOte: em bEddEd RTPS [A. Kampmann+ ITSC'2019]

e Portable RTPS implementation by C++

- |WI P (Raw MOde) fo r U D P/I P embedded-software-laboratory/embeddedRT]|
—Micro-CDR for serialization ‘ \ ot e ke
*71 Y18

] https://github.com/embedded- o
software-laboratory/embeddedRTPS

e Main features and contributions

—Discovery: SPDP & SEDP features A
—Interoperability: tested with FastDDS 2.3.1 ~— Domain Pamcciiam
—Qo0S Policies: support best-effort & reliable — oosgoren
—UDP Multicast: support multicast locators T S N
v'Message size is limited to buffer size of IwIP v



https://github.com/embedded-software-laboratory/embeddedRTPS

workspace > echoback_string > €+ app.cpp

#include "mbed.h"
#include "mros2.h"

y 'P"]!Ef’IEE!! 18
e ttln Sta ' ' 19 #include "std_msgs/msg/string.hpp"
. N #include "EthernetInterface.h

q r m 1 void userCallback(std_msgs::msg::String *msg)
82 {
33 printf("subscribed msg: 'S%s'\r\n", msg->data.c_str());
o Steps for embedded board MBE v

int main() {

EthernetInterface network;
network.set_dhcp(false);
network.set_network(IP_ADDRESS, SUBNET_MASK,
DEFAULT_GATEWAY) ;

nsapi_size_or_error_t result = network.connect();

$ git clone https://github.com/mROS-base/mros2-mbed
$ cd mros2-mbed

$ ./build.bash all NUCLEO_F767ZI echoback string

$ picocom -b 115200 /dev/tty ACMO

printf("mbed mros2 start!\r\n");

printf("app name: echoback_string\r\n");
mros2::init(@, NULL);

MROS2_DEBUG("mROS 2 initialization is completed\r\n");

mros2::Node node = mros2::Node::create_node
("mros2_node");
mros2::Publisher pub = node.

o Step for the host
create_publisher<std_msgs::msg::String>("to_linux", 10);

$ docker run --rm -it --net=host ros:humble /bin/bash ¥ 49 | mrosz::Subscriber sub = node.

create_subscription<std_msgs::msg::String>("to_stm", 10,

-¢ "mkdir -p ~/ros2/src && cd ~/ros2/src | EEGEIEEE

osDelay(100) ;

git clone https://github.com/mROS-base/mros2-host-examples && | TR I YRSNIATSI
cd mros2-host-examples && T O
colcon build --packages-select mros2_echoreply_string && I .
. (TARGET_NAME) + ": " + std::to_string(count++);
Cd ../ && SOUI'CG 1nStall/Setup.baSh && printf("publishing msg: Fgzss'\r\n“, mgg.data.c_str() H
. % 59 pub.publish(msg);
ros2 run mros2_echoreply string echoreply node osbelay (1060);

}

() |mROS-base/mros2 e



https://github.com/mROS-base/mros2-mbed
https://github.com/mROS-base/mros2-host-examples

Currently Supported m

‘ ‘ . mROS-base/mros2-asp3-f767zi

- : ‘ = J

reference implementation of mROS 2 for STM32 i N — =) "H
NUCLEO-F767Z1 with TOPPERS/ASP3 kernel Rk ol

* 14 ¥2

STM32F769
‘ kit

arm _ S B Lbuntu®
<

| / Nucleo-144

STM32F746

M B | | Discovery kit |

mROS-base/mros2-posix

reference implementation of mROS 2 for POSIX

‘ ‘ . mROS-base/mros2-mbed :
ol layer
reference implementation of mROS 2 for Mbed 1‘ | ' '
*29 Ya oy

MROS-base/mros2




Evaluation mros2@v0.3.1 with Foxy

FROS
4>[ /to_stm ]\ By —
4—[ /to_linux }/ TNy

STM32 NUCLEO-F/67Z1

Ubuntu20
on RPi4

Round-Trip Time for UInt16, Twist, String by rclepp::WallTimer.get clock() on the host

uros-serial uros-udp uros-rtps mros2-asp3 mros2-mbed
API rclc (galactic) mROS 2 API v0.3.1
RTPS Micro XRCE DDS embeddedRTPS
protocol USART UDP RTPS on UDP
RTOS FreeRTOS v2 TOPPERS/ASP3 Mbed OS 6
compiler 8.3.1 9.3.1 7.3.1 10.3.1 "
-base/mros

https://qithub.com/mROS-base/eval/releases/tag/v0.1.1 10



https://github.com/mROS-base/eval/releases/tag/v0.1.1

Evaluation Results

e UINt1l6 [ms] e TWist [ms]

uros- uros- uros- mros2- mros2-

uros- uros- uros- mros2- mros2-

serial udp rtps asp3 mbed

avg 11.710{ 2.109| 5.182| 0.570| 0.646| | avg 19.530( 2.304| 5.508| 0.593| 0.703

serial udp rtps asp3 mbed

max | 17.370| 4.240| 11.190| 0.810| 0.940| | max | 25.510| 11.250] 9.860( 0.850| 0.880
min 7.590| 1.900| 1.940( 0.490| 0.560]{ | min 15.590f 2.050| 2.610| 0.520| 0.640
std.p 3.094| 0.244| 2.684| 0.067| 0.081||std.p 3.666| 0.904| 1.551| 0.065] 0.042

o Stl‘il’]g’-o W Uros-serial B uros-udp Wmros2-asp3 M mros2-mbed e Mem size (binary for Twist)
25.0 uros- uros- uros- mros2- mros2-
: i serial udp rtps asp3 mbed
Em text | 209,836| 233,656 174,752 90,551| 393,312
Euso I3 . ' data 356|  356|  576| 16,632] 3,336
S 10.0 M bss 110,280| 108,160| 282,016/ 111,800| 70,688
50l o : total |320,472(342,172|457,334(225,983|469,336

length of String 1 1



) twitter.com/takasehideki
V. "ron yori run" 1505066116921524228
nfd RU N The RUN is mightier than the word

Activities turtlesim_node ~ Mar 19 15.05 $ rOSZ run mturtIeSIm turtIeSIm nOde

app.cpp - mros2-mbed - Visual Studio Code CORGSE WYGIVUUUIILULU. /1 U3 IR D) GItiiuD) 11USL WS E—

takase@vaioubuntu20: ~/ros/mROS2/github/host_ws 77x13

[1647669934.057999783] [turtlesim]: subscribed Twist msg
E; 2 TortlaSim % L=l B e [1647669934.154619486] [turtlesim]: subscribed Twist msg
[1647669934.266548199] [turtlesim]: subscribed Twist msg
[1647669934.362194732] [turtlesim]: subscribed Twist msg
[1647669934.458218470] [turtlesim]: subscribed Twist msg
[1647669934.553753336] [turtlesim]: subscribed Twist msg
[1647669934.666025614] [turtlesim]: subscribed Twist msg
[1647669934.762273524] [turtlesim]: subscribed Twist msg
[1647669934.858602174] [turtlesim]: subscribed Twist msg
[1647669934.954115202] [turtlestm]: subscribed Twist msg

:Node: :create node

& try msgs::msg::Twist> ("t

e\r\n");

tor3 linear;
tor3 angular; [MROS2LIB] create_node

ist twist; [MROS2LIB] start creating participant
[MROS2LIB] successfully created participant
[MROS2LIB] create_publisher complete.
[MROS2LIB] Initilizing Domain complete
ready to pub/sub message

publish Twist msg to turtlesim according to the input from Joystick module
Adding IPv4 Locator 192.168.11.3[MROS2LIB] publisher matched with remote subs
criber

. i )a

S : * (il»]putAO.read(') - ir)i(ie.u,.
s iy e tu rtIeSIm node e A (inputAl.read() - initialA);
> sub_uint

gar = angular;

gitignore pub publlsh(tv1st)
$ build.bash osDelay(160);
M CMakelLists.txt 2
2 TERMINAL
R LICENSE
{} mbed_app.json (+16568) | takas@@v
o | workspace/mturtle teleop joy | 1188(+1188) | 0(+0) | 1 $ gitjad

i 69(+169) | takasdav

mros2.1ib | Subtotals | 351916(+351916) 3288(+3288) | 70592 $ gitjco

README.md (+#70592) | hint: jwa

Total Static RAM memory (data + bss): 73880(+73880) bytes [mturfle

Total Flash memory (text + data): 355204(+355204) bytes 2 fifjes

creage

? OUTLINE takase@vaioubuntu20: takasq@v
> TIMELINE $ (] $ (]

» %o mturtle teleop joy @ ®2A0 (@ CMake: [Debug): Ready 3¢ NoKitSelected ¢3Build [alll ¥ [ A RunCTest --NORMAL -



https://twitter.com/takasehideki/status/1505066116921524228

sd DRUN!! part II

Activities () Terminal ~ Oct 18 17:56 % P DI

M v taka... BNlN= = o @ [¥1 ~  root@vaio... 2 E= - 0 X [+~ Q= -
bed onto GR_MANGO: 8' [INFO] [1666083382.069946119] [mros2_ec subscribed msg: 'Hello from
subscribed msg: 'Hello from mros2-m , horeply_node]: bed onto GR_MANGO: 8'
bed onto ARCH_MAX: 11' Publishing msg: 'Hello from mros2-posix publishing msg: 'Hello from
publishing msg: 'Hello from mros2-m onto Linux: 9' bed onto ARCH_MAX: 11'
bed onto NUCLEO F767ZI: 17' . [INFO] [1666083382.252364857] [mros2_ec /t h bl subscribed msg: 'Hello from
subscribed msg: 'Hello from mros2-m horeply_node]: O um e bed onto ARCH_MAX: 11'
bed onto NUCLEO_F767ZL; Subscribed msg: 'Hello from mros2-mbed e «_Hello from
subscribed msg: 'Hg Sonto ARCH_MAX: 12' 17
:ﬁgszme?;ﬁyc m I‘OSZ-m bed 2 I]E]él:ig%y[;gg:??BBSZ. 252416826] [mros2_ec L m rosz_m bed from
Sobacribed nooe \NUCLEO_F767Z1 Tk - ARCH_MAX .
bed onto ARCH_MAX: o B [INFO] [1666083382.939647869] [mros2_ec €l1lo from
publishing msg: 'Hello TTO ~ horeply_node]: e et MAX: 12
bed onto NUCLEO_F767ZI: 18' d Subscribed msg: 'Hello from mros2-mbed - subscribed msg: 'Hello from
subscribed msg: 'Hello from mros2-m A onto NUCLEO_F767ZI: 18' 3 bed onto ARCH_MAX: 12'
bed onto NUCLEO_F767ZI: 18' - [INFO] [1666083382.939714989] [mros2_ec subscribed msg: 'Hello from
subscribed msg: 'Hello from mros2-p o4 d Shoreply_node]: bed onto NUCLEO_F767ZI: 18'
osix onto Linux: 10' , Publishing msg: 'Hello from mros2-mbed subscribed msg: 'Hello from
subscribed msg: 'Hello from mros2-m onto NUCLEO_F767ZI: 18' osix onto Linux: 10'
bed onto GR_MANGO: 10' E [INFO] [1666083383.070050272] [mros2_ec subscribed msg: 'Hello from

~ W horeply_node]: ‘bed onto GR_MANGO: 10'

Subscribed msg: 'Hello from mros2-posix

I 4 ubu... (@]

onto Linux: 10' A v takas.. Q = =
=T " |[INFO] [1666083383.070122490] [mros2_ec - —
LOG_DEBUG : 00000008.972 : [MROS2LI , horeply_node]: , Z‘;bf‘,ﬁigbigcﬂsﬂ;\x.”ﬂp i
B] subscriber matched with remote p v Publishing msg: 'Hello from mros2-posix 5 i
ublisher onto Linux: 16' ngzgzlbﬁﬂcfzg'p72§;}? I;?N
subscribed msg: 'Hello from mros2-m J [INFO] [1666083383.911524106] [mros2_ec [oubtishi -

B lishing msg: 'Hello from

bed onto GR_MANGO: 9' horeply_node]: tO hllmble P <Pl M
publishing msg: 'Hellg Su?scg;bﬁzNgég:léﬂello from mros2-mbed B N001.211o from
osix onto Linux: 9, . Sz
subscribed msg: ” S33Ramd 11603496 ] [mrosz_ec ‘\.~ ‘ erSZ'mbed from
osix onto Linux 1 ”
subscribed msg: gB[[l lo from mros2-mbed GR MANGO / from
bed onto ARCH_MA? (w/o ROS 2) -
subscribed msg: 'He ello from

bed onto NUCLEO_F767ZI: TI®

publishing msg: 'Hello from mros2-p " : ($ |

A 'ed onto NUCLEO_F767ZI: 18"

subscribed msg: 'Hello from
six onto Linux: 10'
publishing msg: 'Hello from
ed onto GR_MANGO: 10'
subscribed msg: 'Hello from
ed onto GR_MANGO: 10'

osix onto Linux: 10'

subscribed msg: 'Hello from mros2-p
osix onto Linux: 10'

subscribed msg: 'Hello from mros2-m
bed onto GR_MANGO: 10'

o X

mros2-m
mros2-m
mros2-m
mros2-m
mros2-m
mros2-p
mros2-m
mros2-m
mros2-m
mros2-p

mros2-m

m} X

mros2-mb
mros2-mb
mros2-mb
mros2-mb
mros2-po
mros2-mb
mros2-mb
mros2-po
mros2-mb

mros2-mb

13



Activities 8 rqt_plot Oct 18 17:51

Take a Photo

EMatPlot
Topic|/to_pid/datal | | =-~

AEI PQ =X B

rqt_plot__Plot - rqt - 0 x

DI#@ - o
v/ autoscroll | 00 | %

400
—— /to_control/data
300 1" — /to_pid/data

wheeled inverted
pendulum

200 A

100 A

04

—100 A

—200 A

—300 1

[MROS2LIB] mros2_init task start

mROS 2 initialization is completed

[MROS2LIB] create_node

[MROS2LIB] start creating participant

[MROS2LIB] successfully created participant
[MROS2LIB] create_publisher complete.

[MROS2LIB] create_subscription complete.

ready to pub/sub message

[MROS2LIB] Initilizing Domain complete

[MROS2LIB] subscriber matched with remote publisher
[MROS2LIB] publisher matched with remote subscriber
mbed micro ros2 start!

[MROS2LIB] mros2_init task start

mROS 2 initialization is completed

[MROS2LIB] create_node

[MROS2LIB] start creating participant

[MROS2LIB] successfully created participant
[MROS2LIB] create_publisher complete.

[MROS2LIB] create_subscription complete.

ready to pub/sub message

[MROS2LIB] Initilizing Domain complete

[MROS2LIB] subscriber matched with remote publisher
[MROS2LIB] publisher matched with remote subscriber

MROS2LIB] publisher matched with remote subscriber
CTRL-A Z for help 115200 8N1 NOR Minicom 2.8

Photo Video Burst Effects

151.4

151.6

[MROS2LIB] mros2_init task start

mROS 2 initialization is completed

[MROS2LIB] create_node

[MROS2LIB] start creating participant
[MROS2LIB] successfully created participant
[MROS2LIB] create_publisher complete.
[MROS2LIB] create_subscription complete.

ready to pub/sub message

[MROS2LIB] Initilizing Domain complete
[MROS2LIB] publisher matched with remote subsr
[MROS2LIB] subscriber matched with remote pubr
mbed micro ros2 start!

[MROS2LIB] mros2_init task start

mROS 2 initialization is completed

[MROS2LIB] create_node

[MROS2LIB] start creating participant
[MROS2LIB] successfully created participant
[MROS2LIB] create_publisher complete.
[MROS2LIB] create_subscription complete.

ready to pub/sub message

[MROS2LIB] Initilizing Domain complete
[MROS2LIB] publisher matched with remote subsr
[MROS2LIB] subscriber matched with remote pubr

MROS2LIB] publisher matched with remote subsr
CTRL-A Z for help 115200 8N1 NOR Minico

14




Conclusion

« Agent-less and lightweight runtime environment for ROS 2

e Our Contribution

— mROS 2 enables programs running on embedded devices to
communicate autonomously with nodes on the native ROS 2

— mROS 2 would contribute to the construction of distributed robot
systems with excellent communication performance

If you wanna communicate only with Topic,

please consider to try our mROS 2
as one of the candidates> %

™) mROS-base/mros2 - 15

0



Check now!! & What’s next??

‘ ‘ . mROS-base/mros2
agent-less and lightweight communication
library compatible with rclcpp for embedded d ...
w104 Y7

https://github.com/mROS-base/mros2

C Please give us the Star! J'

& your contribution!! <o
U 4

« porting to other boards and kernels
o implement new targets with POSIX-compliant RTOS

o support QoS control, Service, Action, ...

MROS-bas° design a dedicated board for real robots??



https://github.com/mROS-base/mros2

