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Bringing ROS 2 on Microcontrollers
What is the Robot Operating System? (ros.org)
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Bringing ROS 2 on Microcontrollers
The ROS Equation
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Plumbing Tools Capabilities Ecosystem
- Process management - Visualization - Control - Shared development
- Communication - Simulation - Perception - Robot models
- Device drivers - Data recording - Planning - Documentation
- Data models - Monitoring - Manipulation - Exchange
- Language-independence - Market
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Bringing ROS 2 on Microcontrollers
Architectural Principles Robot's computer Remote laptop

ROS PN . Registration
» Basic entity: Nodes (components) which exchange messages Master

» Can be distributed across machines

» Standard communication patterns

Visualization
— Topics: Publish-Subscribe (1 — n, uni-directional, async) N

— Services: Request-Response (n — 1, bi-directional, sync+async)

— Actions: Advanced Request-Response (1-1, multi-state) ‘Laser e y——

» Nodes comprised of callables (functions),
which are data- or time-triggered Serial link

— Implemented in C++, Python, ...

Laser

— Run-to-completion Hardware

» Further core functionalities: Parameters, coordinate
transformation, diagnostics, ...
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Bringing ROS 2 on Microcontrollers
ROS goes for series development

Key features of ROS 2
» Data Distribution Service (DDS) as middleware

» Run multiple nodes in one process

» Node Iifecycle ROS Client Support Library (rcl)
(o] ] concc'ep'.cs like nodes, publisher
> Deterministic |au nCh subscription, parameters, ...

» ROS core functionality implemented in C B e e e

» Real-time-ready core algorithms DDS Middleware
» Support of Windows and MacOS e oS mechaniams. -

Rich QoS mechanisms

» Backed by Technical Steering Committee with Intel, Amazon, Linux / Windows / MacOS
Microsoft, Bosch, Arm, Apex.Al, Toyota Research, TARDEC,

LG Electronics, eProsima, Acutronic Robotics, ...
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Bringing ROS 2 on Microcontrollers
ROS is great for development
ONn MICroprocessors ...

... but robots are networks of computing devices!
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Bringing ROS 2 on Microcontrollers
Why microcontrollers?

Hardware access
» GPIOs, PWM generators, ...
» Buses such as CAN, UART, SPI I2C

Hard, low-latency real-time

Sarety WA ~1otor R ] » Context switching in less than 100 cycles

Control
et MCU [ B

| Comm SESS : -t
; gx“ A= Power saving
‘ ) j_ » Linux single-board computer requires 10 to
_— S ;
e 100x more power than an MCU

Safety
» Number of safety-certified RTOS available
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Bringing ROS 2 on Microcontrollers
EU project OFERA (Open Framework for Embedded Robot Applications)

Our mission: Bridge the gap between MCUs
and larger processors by

I Al
l e I z O S
» Seamless integration of MCUs with ROS 2

» Ease portability of ROS 2 code to MCUs
» Ensure long-term maintenance of micro-ROS stack

The OFERA project is funded by the European
Union‘s Horizon 2020 research and innovation
programme under grant agreement No 780785
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Bringing ROS 2 on Microcontrollers
New DDS-XRCE Standard

» Data Distribution Service

» OMG standard since 2004

» DDS-XRCE for

—_—
— + o ..........
( ? [ <« XRCE [ DDS eXtremely
O """"" Global-Data-Space Resource

Constrained
@% o~ Environments
... brings DDS on MCUs

CLIENTS

Open-source at github.com/eProsima/Micro-XRCE-DDS » DDS-XRCE standard is advanced
by OFERA partner eProsima

The OFERA project is funded by the European
Union‘s Horizon 2020 research and innovation
programme under grant agreement No 780785
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Bringing ROS 2 on Microcontrollers
Architecture

@ FIWARE

TWO typ es Of A P IS . PRZEMYSLOWY INSTYTUT

AUTOMATYKI | POMIAROW

micro-ROS client library

1. Plain C API based on rcl
for embedded developers

Predictabl Syst Embedded | |7
r—:rfeécutziione myosd(zr: trrzn:forsw @ BOSCH
ROS Client Support Library (rcl)

ROS Middleware Interface (rmw)

FIWARE ON
Micro XRCE-DDS Middleware E&ﬁgasmmi\

2. C++ APl implemented
against rclcpp interfaces
for typical ROS developer

supjrewyouag

RTOS abstractions
Scheduler ,

device drivers RTOS NuttX extensions rOBOTICS

Additional

The OFERA project is funded by the European
Union‘s Horizon 2020 research and innovation
programme under grant agreement No 780785
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Bringing ROS 2 on Microcontrollers
micro-ROS Client Library Features: System Modes

» Task Handling: Orchestration of the actual
task, the straight-forward, error-free flow

» Contingency Handling: Handling of task-

Deliberation Layer

specific contingencies, e.g., expectable retries /
and fallure attemptS, ObStaCleS, IOW battery Cump(}nent mudes ac“nn ca"s I;zz:jt;?zzs
» System Error Handling: Handling of restart, ShuthWﬂ set values —
exceptions, e.g., sensor/actuator failures \
Skill Layer

The OFERA project is funded by the European
Union‘s Horizon 2020 research and innovation
programme under grant agreement No 780785
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Bringing ROS 2 on Microcontrollers
micro-ROS Client Library Features: System Modes

Planning + Executive (Deliberation)
I R

1 Mode manager h Diagnosis (micro-)ROS

—PT

| I
EEE The OFERAp oject is fu d d by the E p | | I
* Union's Horizon 2020 research and innovation

programme dgtg th780785

i d o\

For
modes
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Bringing ROS 2 on Microcontrollers
micro-ROS Client Library Features: System Modes

» Introduces (sub-)systems hierarchy to ROS 2 Mode Manager ™ ooy
model file ()%) ¢ Tequest
. . . . . -yaml| :
» Abstraction for hierarchical configuration,
called system modes e ;

» Mode manager manages consistent, system-wide
configuration

» See micro-ros.github.io/system_modes/ @ oo/ S

___________

subsystem

The OFERA project is funded by the European
Union‘s Horizon 2020 research and innovation
programme under grant agreement No 780785
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Bringing ROS 2 on Microcontrollers
micro-ROS Client Library Features: Predictable Execution

» First approach enables multiple executors
per operating system process

( N[ )
Drive-Base node Other node
» Executors can be configured individually B onEmergencystopMsg | || ..
using standard scheduling mechanisms onCmdVel |

publishWheelTicks
l reportDiagnosticsData
» Open-sourced prototype for ROS 2 \. J \C J

Executor Executor

OS Scheduler

» See micro-ros.github.io/real-time_executor/

The OFERA project is funded by the European
Union‘s Horizon 2020 research and innovation
programme under grant agreement No 780785
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Bringing ROS 2 on Microcontrollers
Community Use-Case: Kobuki with STM32 F4 Cortex-M4

N

ROS 2 (Crystal) running

- Visualization micro-ROS running

- Keyboard control DDS-XRCE over UDP - thin_kobuki_driver

- odometry to TF - DDS-XRCE client

- DDS <-> DDS-XRCE agent at less than 100 KB RAM

The OFERA project s funded by the European Preliminary version at github.com/micro-ROS/micro-ROS_kobuki_demo

Union‘s Horizon 2020 research and innovation
programme under grant agreement No 780785
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Bringing ROS 2 on Microcontrollers

Further information

E1557

https://micro-ros.github.io/

+ Join discussion in ROS 2 Embedded SIG
at discourse.ros.org/c/embedded

The OFERA project is funded by the European
Union‘s Horizon 2020 research and innovation
programme under grant agreement No 780785
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£F micro-ROS | ROS2 for micro-co X
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© & https://micro-ros.github.io

micro-ROS  Docs

micro-ROS

micro-ROS puts ROS2 conto microcontrollers

»
Y 4
Main ideas

The major changes compared to "regular” ROS2 is
that micro-ROS uses a Real-Time Operating
System (RTOS) instead of Linux, and DDS for
eXtremely Resource Constrained Environments
(DDS-XRCE) instead of classical DDS. Above that,
we run the ROS2 stack! Well, with a few cool
improvements for taking advantage of micro-

controller specific things, but largely the same

Updates

L)

o

Getting Started

To get you started quickly, header over to the
tutorial section. The basic ones can even be done
without a micro-controller. For more background

and details, see the documentation.

b ﬁ Q_ Suchen
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Get Involved

Source code can be found at https://github.com
/micro-ROS/ and we answer both tickets and pull
requests as usual. If you have questions on
concepts and development, you're very welcome
to post to the embedded catgory on ROS
Discourse. For usage questions, head over to ROS
Answers and please tag your question with

embedded

m
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