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We are TOPPERS/Hakoniwa WG!!
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- About TOPPERS Project (Toyohashi OPen Platform for Embedded Real-time Systems)

- NPO in Japan to promote embedded systems technology and its industry by developing and
releasing high-quality open-source software, especially in real-time kernels and components

- Hakoniwa WG: working group to establish simulation technology for the IoT fields
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Agenda

What is Hakoniwa?
Our Past Achievements, especially for ROS Robot
Latest Update: hakoniwa-mros2sim i‘ﬁ 2

Fusion of Virtual and Real weaving by Hakoniwa and mRQOS 2
Wrapping Up
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Agenda

What is Hakoniwa?

What's the issue

Concept: HUB to Everything for Simulation!

Key Functions: Hakoniwa Core, Conductor and Protocol Data Unit
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Issue and Background

- IoT system spans a variety of technical domains,

so its development requires the collaboration of s
. . 1T Engineers
experts from different fields.
- Integration test and validation are so challenging —

due to these technologies’ diversity. Smartphone

- When a problem unfortunately happens, ( *é
investigating the cause and its path
In-vehicle PC .

becomes intricate.
- Costs for conducting IS Autonomous [
@ -} (il driving control |

Cloud *
B !

% Backend

Network

empirical experiments

. ) e Sensor
also increase significantly.

15O
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Let’s bring them into a BOX!!

- Arranging various technologies according to everyone's preferences
- Trying out various combinations as often we want

- Observing them according to everyone's preferences into the same box

- Bringing together things (e.qg., software) from various tech fields to perform
end-to-end integration, and verification on the desk!

-> Developing IoT/robot systems in a virtual environment Hakoniwa

Cloud
Engineers

Robot Control
Engineers BTY, why “"Hakoniwa"?

- Hako(#8) = box
- Niwa(Ji£) = garden
~a miniature garden,
one of the traditional
cultures (like “Bonsai
: i ¢

Web
Engineers

Embedded Systems
Engineers




Concept

- HUB to Everything for Simulation!

- not just a simulator,

but also a framework ﬁ Hakoniwa Library
to construct simulators (for Physics Engines)

- Hakoniwa Assets:

the components of ‘ Rub\[
g\

the simulation target

Hakoniwa
Core
(C/C++)

Hakoniwa APIs
(for prog. Languages)
(uonewolny 31sa] J0J)
SpuewWWO) BMIUOYEH

Hakoniwa Daemon
(for Remote Access)

vo.  TOPPERS



Hakoniwa Core

Functions for the seamless integration of various assets

Visualization Tool

2

Microcontroller
Simulator

Asset
Management

Hakoniwa
Asset

Synchronization

& Communication

- ’

Physics
Simulator

TOPPERS

Time

Management /

Automated Testing
Tool




Hakoniwa Conductor

Mediate simulation between assets on Hakoniwa
gRPC based communication between the server and clients

/Server-side ) [CIients—side
registration of Hakoniwa assets connect to the server
start/stop/reset of each simulation as the Hakoniwa assets
Hakoniwa Hakoniwa
assets assets

onauctor

Shared Memory

Hakoniwa Core functions




Protocol Data Unit (PDU)

Common data format to exchange in Hakoniwa
Function design is separated to asset-dependent and -independent

An example between Unity and ROS (topics)
Note: Unity and ROS are positioned as one of the "assets" in Hakoniwa

8 [z

1 0

«ROS comm. process» : ROS X _ Unity :
" «ROS» I generation o «C#» |
«C#» PDU-ROS  «C#t» «C#>» Unity-ROS '| RoS msg type H—>{ Unity-ROS Unity-ROS :
data converter Unity-ROS message ¢ > comm. API X .\k : I message message I
________________ e |
______________________________________________ |

__________ \:L o format conversion> —Hakonlwa

' «Hakoniwa robot asset comm. I/F» : el KOS e

sensing data to be sent

R Tkt

]
|
|
|
|
|
|
|
|
|
«comm. data for Hakoniwa robot asset» :
|
|
|
|
|
|
|
|
|

PDU (Protocol Data Unit)

¢

«Hakoniwa robot asset»
robot model

generation of «C#>»
«JSON» : :
ROS topic info 3  Unity-ROS Unity-ROS
: callback func. callback func.
Z\ @
ROS topic info> %5 @

S @ D o etttk

I
I

I

]

]

«JS‘(;N» generation of «C#>» [
ROS msd tvpe 3 PDU-ROS PDU-ROS :
2P converted data converted data | i

I

I

]

]

I

I

I

I

I

]

]




Distributed Simulation with Hakoniwa
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@ Server-side Hakoniwa Conductor

O Client-side Hakoniwa Conductor

O Hakoniwa Proxy for PDU

O Hakoniwa Asset

11



Agenda

Our Past Achievements, especially for ROS Robot
4 Prototypes to Ensure the Hakoniwa’s Concept
hakoniwa-ros2sim: ROS controlled Robot Simulation
Actual Use Cases
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Hakoniwa Prototypes Previously Achieved EJ,E

Oy b1 ORy b2

093 L(C++) J0Y35AL(C++)
f N X #ROS
Microcomputer-controlled

\,A: DRy~ 1D
I‘ObOt SimU|atiOn Q unlty : —— docker M

Oohybk2 o
ROSKEws

O7Ry MEl4E
J0954L(C++)

Collaborative snmulatlon of
multiple robots

Integration with
ROShEYS :> & Bontu® . .
(et —%) ey reinforcement learning
Virtual Learmning Env @ valuation values
ROS controlled ( e )|
Robot Simulation s
< | | (1 . b i
\ ot v TOPPERS T

@) control simulator



ROS controlled Robot Simulation

Docker for the platform

pre-built container image
for building & executing ros2app

able to use on multiple environments
(Windows/WSL2 as the default)

Unity for physics and V|suaI|zat|on

TurtleBot3 as the reference

ROS-TCP-Endpoint for
assets communication

TOPPERS

ROS com
o
ros2app.cpp ROS-TCP-Endpoint
terminal B terminal A

hakoniwa-ros2sim container

docker




Actual Use Cases % [

Athrill (micro-controller simulator) for ET-robocon https://www.etrobo.ip/
Group exercises (PBL) in some Japanese universities

Automotive software education for embedded engineers
https://qgithub.com/ncesnagoya/autosar os training

ew Laboresor TOPPERS



https://www.etrobo.jp/
https://github.com/ncesnagoya/autosar_os_training

Agenda

Latest Update: hakoniwa-mros2sim ©®® 2
Introduction of mROS 2

[FYI] ROSCon JP 2023 Workshop

hakoniwa-mros2sim: Simulator for mROS 2 app by Hakoniwa Tech.

—~
1

TOPPERS 1 6

i

i

H

5.‘

%

33 2
33

i3

£ °
<

33

§3

iT

§c

x



What is mROS 27?

a mROS 2 I
on EMB board

better perf. & mem. usage
partially compatible with rclcpp

only for Topic comm.,
and many unsupported features
such as QoS, Service,,, /

MROS 2 application

MROS 2 API

mMmROS 2 comm. lib.
RTPS (embeddedRTPS) |4

UDP stack (iwip)

CMSIS wrapper  [€¢—

pub/sub messaging for Topic
partially compliant with rclcpp )
J

-

autonomous communication
in accordance with RTPS specification

J

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

Kernel (asp3, Mbed, POSIX)
HAL library
Embedded devices

real-time kernels for EMB
contributes perf. and mem. usage

' Lk
yele

Yoichiro Hibara, Haruaki
e (Kot

Sudaf o2 m 2_ﬁ
yet another runtime environment
onto embedded devices

Hideki Takase, Shintaro Hoso8,
T Tanaka "

mROS-base/mros?2

agent-less and lightweight communication
library compatible with rclcpp for embedded d ...

* 151 ¥4

https://vimeo.com/showcase /9954564 /video/767140724 1/

\ o \// TOPPERS


https://vimeo.com/showcase/9954564/video/767140724
https://github.com/mROS-base/mros2

2 Currently Supported

mROS-base/mros2-asp3-f767zi d ¢ > w

) | P
reference implementation of mROS 2 for STM32 STM32F767 o7 “ "‘
NUCLEO-F767Z1 with TOPPERS/ASP3 kernel || g | ibagizee

Discovery kit

*16 Y2

mROS-base/mros2-esp32

reference implementation of mROS 2 for ESP32

boards

*27 ¥3

POSIX

mROS-base/mros2-mbed

reference implementation of mROS 2 for Mbed
0s
x40 ¥e

mROS-base/mros2-posix

reference implementation of mROS 2 for POSIX

layer

*4 ¥
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https://github.com/mROS-base/mros2-posix
https://github.com/mROS-base/mros2-asp3-f767zi
https://github.com/mROS-base/mros2-mbed
https://toppers.jp/
https://toppers.jp/
https://github.com/mROS-base/mros2-esp32

) News!!

'] ﬁf hltps://roscon.jp/2023/#workshod

HOME RFYa—ll  RRyY— MBESSIEMER TAJIL BRESE

9H25H: #&E% : ROS 20#AA Y I AIFERIMT D]

ROS 20#AH YA AV AT IR T 2HBEREREVLET, HAHTAIAVEHRC
I, KA K& DROS 2iBEIC L 2BEOR Y S OHIEAECOVWTREVET,

EERICIFETEMENLETH D, ROSCon JPOSNE R T 19/25,26MH) D
ERRUTL SV EB2OHOSMETEERA) o SMAKIZ2EARE - £BIETY
<IN,

FE2OHEMIIE. ROORY k- BEiREERALEI.

= Pi:Co Classic3 YAV OX YR (RHEEICEH)
= Pi:Co Classic3 FH ESP32-S3V+ AV R—K (SMERAH - F5IF0 A

FEETR. TRARYY—DRHETZO0RY hEERALET,

i RT CORPORATION

https://roscon.jp/
2023 /#workshop

« Ubuntu 22.04 LTS (R4 T+« 14 YA h—=ILENfcHD - DockerEDIRIEERE AT
= ROS 2 Humble Hawksbill

= USB Type-AR—hk 10

= BHRLAN & ERLAN DX

WRE

» FROBBEBSTHE - WA
» ROS 2 HumbleDAHKF 12—k U PIL DAE%Z Intermediate LFTEEEINTWVWDH
» HDAHRRAAVEFOY T U FHRRICEKRDS S

ISR S contents is public!!

." @ T (only in JP:D
\

HERORHFER. ROBROPCEZARBL RSV BENHD XY,

Lab#9. IPC, IST, UTokyo TOPP E Rs

Comwputing Sycéew Laboratory



https://roscon.jp/2023/#workshop
https://roscon.jp/2023/#workshop

hakoniwa-mros2sim :D
- Target: mros2 app & robot

T toppers/hakoniwa-mros2sim

TOPPERT L, <,

i RT CORPORATION

Pi:Co Classic3 (MicroMouse)
https://rt-net.ip/products/pico-classic3/

. . . mROS-base/rcjp2023_mros2

ROSCon JP 2023 BN EREBANMDY —XJ1—R
ROSCon JP 2023 BN EREBANMDY —XJ1—R
*o Yo

https://github.com/mROS- )

P \%éﬁxl |l

TOPPERS

’ base/rcip2023 mros?2
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https://github.com/toppers/hakoniwa-mros2sim
https://rt-net.jp/products/pico-classic3/
https://rt-net.jp/products/pico-classic3/
https://github.com/mROS-base/rcjp2023_mros2
https://github.com/mROS-base/rcjp2023_mros2

Agenda

Fusion of Virtual and Real weaving by Hakoniwa and mROS 2
Hakoniwa’s Future Vision for Robotic Service

Expected System in the Future and its Architecture Design

Integration of mMROS 2 into Hakoniwa Communication

Demonstration!!

DT

ew Laboresor TOPPERS 2 1



Our Future Vision for Robotic Service

How to Integrate?

Coverage of ROS £

Al Analysis Generative Al Agent
Space Space

Robot Service
Networks

Cloud Service

/{ Robot
Robot

Controller

IWE T =\

Gaming

Virtual Service

How to Integrate?

Micro
Controller

Challenges faced in
the embedded
systems domain

Challenges faced in
the cloud domain

Coverage of ROS

22



Fusion of Virtual and Real

- Integration of Virtual and Real in Simulation

Generative Al Agent
Space

Al Analysis
Space

Virtual

23



Expected System in the Future

Virtual Robot
(Digital Twin)

Virtual Signal

Virtual World

Real World

o]
L]
‘ Lab#®, IPC, IST, UTokyo
Cowputing Syctem Laboratory



Architecture Design: Overview

Central ] (MQTT)
Server |

Cloud
(ROS) [ Network ]

f

| Wireless Network

Real Robot

Device

Virtual World

Virtual Robot Virtual People
Virtual Signal Al Agent

Virtual Service Virtual/Real Map

Cloud Server

mROS

Infrastructure

Sensor

Real World

25
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Architecture Design: Detail

o~

18 [z

'\k Hakoniwa Asset Hakoniwa Asset Hakoniwa Asset
AR AR COM PROTOCOL
Application N /
K SR Saries Al Agent Virtual Agent
Python) Controllers
, (Python) (Py
mros2 ROS Mros2-posix (Python)
Embedded Device
AR Device (Real Robot) S / Hakoniwa Asset
7 QLO ~
L APIS(C/C++) APIs(Python)
mros2
Embedded Device Shared Memory(PDU)
(Infrastructure)
Hakoniwa Core
APIs(Python) APIs(C#)
Hakoniwa Asset
Virtual/Real Map
(Python)
Signal Robot Agent People
T
‘ o v TOPPERS Mac (Apple Silicon)

)




but Why mROS 2?

Integration of MROS 2 communication into Hakoniwa!
lightweight but direct communication on RTPS
Mros2-posix can run on general-purpose OSes (even on macOS)

-> support mros2 communlcatlon as one of Ha <oniwa PDUs!!
Host Computer O |
O/‘/Q Embedded
Device
Hakoniwa ROS 2 Proxy ROS 2 app
Conductor Unity po— ros2- ) RTPS comm. .
(Server) ) D iy é % mros2
PDU shared memory RTOS
J Hakoniwa Core
N\ v Mac/Ubuntu Embedded Device |- 27




Demonstration!!

-

28




. Wrapping Up

TOPPERS
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Wrapping Up!

Introduction of Hakoniwa (58/Z)

HUB to Everything for Simulation!
not just a simulator, but also a framework to construct simulators

hakoniwa-ros2sim: our past achievement for ROS robot
hakoniwa-mros2sim: new simulator for mros2 robot

Fusion of Virtual and Real weaving by Hakoniwa and mROS 2
Integration of mMROS 2 into Hakoniwa Communication
Expected System in the Future and its Architecture Design

What's Next??
Open up the future by increasing the adoption in actual development scenes

and, enrich documentation, especially in English ;(

DT
Yl
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