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Why ROS ?

Use-case / basic requirements ¢
. '\Q R
» Teams of multiple robots ,be}‘ég@
» Small embedded platforms 00-@6
» Real-time systems
» Non-ideal networks December '17 July '18 December '18 May '19
» Production environments
» Prescribed patterns for building and structuring systems
History
» Development started in 2014
> First stable release in December 2017 http://design.ros2.org/articles/why_ros2.html
» First LTS release planned for May 2019 N8 https://index.ros.org/doc/ros2/Roadmap/
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http://www.ros.org/about-ros/
https://www.osrfoundation.org/
http://creativecommons.org/licenses/by/3.0/us/

Current Status of ROS 2 - Hands-on Feature Overview
Key Features of ROS 2

» Data Distribution Service (DDS) as middleware
» No central ROS master by DDS discovery

publish="ALLOW

chatter

» Built-in security: authentication, access control, encryption
» Run multiple nodes in one process
» No differentiation between nodelets and nodes subscribe="ALLON

chatter

xpointer="xpointe

» Efficient zero-copy communication

» Node lifecycle and (more) deterministic launch Example from https://github.com/ros2/sros2
» ROS core functionality in C for easier support of different programming languages

» Real-time ready core algorithms

» New build system ament+colcon

» Windows-support

» Use of C++14 and Python 3 standards

EK http://design.ros2.org/
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ROS 2 Governance

Introducing the ROS 2 Technical Steering Committee

» Sep 2018: Formation of ROS 2 Technical Steering Committee ... .
“broaden participation to accelerate ROS 2 delivery, starting With theSE @ .. ... woowee e cmmons e oo mes semmg o o sos

the roadmap, and please let us know if you want to participate

areas: determining the roadmap, developing core tools and libraries, i o i 10 0 i sl e i £ o Gt

Willow Garage and now Open Robotics. That approach has worked well enough, as evidenced by the

and establishing working groups to focus on important topics”

But with ROS 2, we want to broaden participation to accelerate ROS 2 delivery, starting with these areas
. determming the roadmap, developmg core tools and libraries, and es!abllsnlng \vorkmg groups to focus on
> M O nth Iy m e et' n gs important topics. To that end, we've established a Technical Steering Committee (TSC). As described in the
charter 12, the TSC comprises representatives of organizations that are contributing to the development of
ROS 2, and it has the responsibility to set the technical direction for the project

» Primarily status reports and roadmap development The founding members f e RS 2 SC are

 Lou Amadio (Microsoft)

» Members provide feedback/priorities on OSRF tasks e

. * Matt Hansen (Intel)

« Seonman Kim (LG Electronics)
and contribute own work S soomanigun oo
« Dejan Pangercic (Apex.Al)
. « Matt Spencer (Arm)

» Current workin g groups « Altson Thackston (Toyota Research instute)
« Dirk Thomas (Open Robotics)
* Yoonseok Pyo (ROBOTIS)

> N aVigati O n ’ S e C u rity’ E m b e d d e d Syste m S ’ R e a I - Ti m e ’ We're thrilled to have the support from and participation of such an esteemed group of people representing

such a diverse set of organizations!

S afety, M a n i p u I ati o n The TSC's first order of business is updating the roadmap 17 for the upcoming Crystal Clemmys release in

December. Please watch the roadmap; we're adding new features there regularly as we finalize the priorities
and resource commitments. In adA#~~ -~ T_r has already established two working groups, which >
and running: Navigatic~ * Sacurity Working Group (SWG) (post ©

https://index.ros.org/doc/ros2/Governance/
X https://discourse.ros.org/t/introducing-the-ros-2-technical-steering-committee/6132
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ROS 2 Roadmap

» Long-term roadmap at https://index.ros.org/doc/ros2/Roadmap/

» Roadmap for next release Dashing Diademata:

» Wiki: https://index.ros.org/doc/ros2/Releases/Release-Dashing-Diademata/
» Meta-ticket: https://github.com/ros2/ros2/issues/607

7 CR/AEE1-Lange | 7 May 2019
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Installation

» Binary packages for
» Ubuntu 18.04 (Bionic)
» OS X
» Windows

See https://index.ros.org/doc/ros2/Installation/

» ROS 2 Crystal can be also build directly on Ubuntu 16.04 Xenial — with exception of rqt packages
See https://index.ros.org/doc/ros2/Installation/Linux-Development-Setup/

9 CR/AEE1-Lange | 7 May 2019
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Command Line Tools

» Don’t forget to source!

» local_setup.bash applies settings from current
workspace only, i.e. without parent

» All run-time tools integrated in ros2

» https://github.com/ros2/ros2cli
» Every verb is in a separate package

» Possible to extend, cf. for example
https://github.com/ros2/sros2/

» Meta build tool: colcon
» [ater more ...

CR/AEE1-Lange | 7 May 2019

ri@ri-vm:~$ ros2
daemon

extension points
extensions
launch

lifecycle
ri@ri-vm:~$

ri@rl-vm: ~
ri@rl-vm: ~ 55x14

msg
multicast
node

param
pkg

security
service
srv
topic




l@rl-vm: ~ 90x24 =] ri@rl-vm: ~ 94x24
0] [talker]: 2 llo world: 248" TTMEOT T13ctenarl- T heard- [tect]
0] [talker]: s =ﬂ’10 249"
) lker] ld: 250°'

'F‘:':sou jopWros/crystaI/setup bash source /OPVTOS/CVYStaVSQt“p bash

\f ta ke| : Publishing: 'Hello

':'ro§25r qdém 7 ros2 run demo nhodes_py listener

LE \‘o
kke|_
_.ﬁlker::

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

e N e = T =]

Publ
Publ
Publ
Publ
Publ
: Publ
: Publ
1: Publ
: Publ
: Publ
: Publ
: Publ
: Publ
: Publ

[ ol N T T I T T Ty Ty A H

1
shin
shin
shin
shin
shin
shin
shing: '
shin
shin
shin
shin
shin
shin

=1

ri@rl-vm: ~ 94x24

_source / /opt/ros/crystal/setup bash

_ros2 topic list,..

‘ros2 topic hZ'/cha'tter

;jrosz toplc pub /chatter std_msgs/String
“ data: 'test' "
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training@training-vm: ~fros2_sample_ws 119x65 training@training-vm: ~jros2_sample_ws 119x65

/homej/training/ros2_sample_ws/install/kobuki_bringup/share/kobuki_bringup/config/kobuki.rviz* - RViz
File Panels Help

%7 Move Camera & s Camera =3 Measure + 2D Pose Estimate 2D Nav Goal @ Publish Point

[ Displays
Glob

map
W 48; 48; 48
30

0K
v

<Fixed Frame>
10

4]

1

Lines

[ 160; 160; 164

5

n File -finstall/kobuki_descripti...

cd ../..

colcon build

source install/loca
ros2 launch kobuki_

Second window:
ros2 run odom_to_tf

CR/AEE1-Lange | 7 May 2019
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ROS 2 Architecture

rcl* — language-specific ROS client libraries
rcl — C library

» Ensures same core algorithms in all
language-specific client libraries

rmw — ROS middleware interface
» Hide specifics of DDS implementations

» Streamline QoS configuration

rmw_* — DDS adapters

CR/AEE1-Lange | 7 May 2019

rcl

rmw
Specific rmw_adapter

Specific DDS implementation
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ROS 2 Layer by Layer: DDS and rmw

» You should be the experts after yesterday’s talks (-:

» FastRTPS is the default distributed with ROS 2

» Instructions for OpenSplice and RTI Connext:
https://index.ros.org/doc/ros2/Installation/Linux-
Install-Debians/#install-additional-rmw-implementations

» Adapters for those both are T —
provided as binary packages - ’ - y oee

RTI Connext, Fast RTPS, ...

» rmw defines interface to be implemented by adapters

» E.g., search rmw_get publisher_names_and_types by node in
https://github.com/ros2/rmw/, https://github.com/ros2/rmw_fastrtps/ and https://github.com/ros2/rmw_connext/

CR/AEE1-Lange | 7 May 2019
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ROS 2 Layer by Layer: Other Middlewares

rmw defines few basic concepts only:
» some endpoint naming

» publish-subscribe

» request-response

Several non-DDS implementations have
been developed, for example:

» OPC UA — an M2M communication protocol
https://www.elektrotechnik.vogel.de/mit-opc-ua-
gelingt-die-nahtlose-integration-mobiler-
robotersysteme-a-537411/ (in Germany only)

» Intel’s Distributed Publish & Subscribe for loT
https://github.com/ros2/rmw_dps

16 CR/AEE1-Lange | 7 May 2019

rcl

rmw
Specific rmw_adapter

Other middleware
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ROS 2 Layer by Layer: rcl = ROS Client Support Library

rcl implements major ROS concepts in C

» node, naming, publisher, subscription, service, action,
lifecycle, time, logging, ... rcl

» Very well documented API: https://github.com/ros2/rcl/ rmw

» Allows use of custom allocator (e.g., TLSF)
https://github.com/ros2/rcutils -> include/rcutils/allocator.h

» Lacks of execution management — no threads on rcl layer Specific DDS implementation

Specific rmw_adapter

https://index.ros.org/doc/ros2/Tutorials/Allocator-Template-Tutorial/
X http://www.gii.upv.es/tisf/

17 CR/AEE1-Lange | 7 May 2019 BOSCH
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int main(int argc, char* argv[]) Cu rrent Status Of ROS 2

rcl _init options_t initOptions = rcl _get zero_initialized init_options();

rcl_init_options_init(&initOptions, rcutils_get_default_allocator()); S i m p | e S u bs C ri pti O n

rcl_context_t context = rcl_get zero_initialized_context();
rcl_init(argc, argv, &initOptions, &context); Wlth rCI
rcl init options_fini(&initOptions);

rcl_node_t node = rcl_get zero_initialized_node();
rcl_node_options_t nodeOptions = rcl_node_get_default_options();
rcl_node_init(&node, "rcl_int32_subscriber”, "", &context, &nodeOptions);

const rosidl _message_type_support_t * typeSupport = ROSIDL_GET_MSG_TYPE_SUPPORT(std_msgs, msg, Int32);
rcl_subscription_t subscription = rcl_get_zero_initialized_subscription();

rcl_subscription_options_t subscriptionOptions = rcl_subscription_get default_options();
rcl_subscription_init(&subscription, &node, typeSupport, "std_msgs_msg Int32", &subscriptionOptions);

rcl_wait_set_t waitSet = rcl_get_zero_initialized wait_set();

rcl _wait_set_init(&waitSet, 1, @, 0, 0, 0, rcl _get default_allocator());
size_t index;

rcl_wait_set_add_subscription(&waitSet, &subscription, &index);
rcl_wait(&waitSet, RCL_MS_TO_NS(1000));

// Check waitSet for available messages

std_msgs__msg_ Int32 msg;

rmw_message_info_t messagelnfo;
rcl_take(&subscription, &msg, &messageInfo);
printf("Message data is %1d\n", msg.data);

TP tion firi(Ssubscription, Snode); https://github.com/micro-.ROS/micro-ROS_experiments
,retm o; - branch measure_allocations
CR/AEE1-Lange | 7 May 2019 BOSCH
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ROS 2 Layer by Layer: Waitsets

rmw DDS
» SELECT-like mechanism % I
to query for messages on 2 Topic ‘laser’
subscribed topics ‘;“
5 |
rmw_wait A‘ @ wait Topic ‘camera’
» Does not provide information on —rmw take qé el T
the message count, i.e. current - message S | Topic ‘odometry’
queue size o
| = | DDS client

19 CR/AEE1-Lange | 7 May 2019 BOSCH




Current Status of ROS 2 - Hands-on Feature Overview
ROS 2 Layer by Layer: rclcpp Architecture

rclcpp wraps rcl into C++ data types and brings
» Execution management
» Intraprocess communication

» Parameters

» Callback_groups

rcl

» Listeners for graph, parameters
rmw

Specific rmw_adapter

> Allows dynamic creation and deletion of almost everything Specific DDS implementation
> Elaborate architecture

CR/AEE1-Lange | 7 May 2019
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ROS 2 Layer by Layer: rclcpp Architecture

rclcpp\

© Node

std::
std::
std::
std::

shared_ptr<rclcpp::
shared_ptrerclcpp::
shared_ptr<rclcpp::

shared_ptrerclcpp::
sshared_ptr<rclcpp::

node_interfaces:

node_interfaces:
node_interfaces:
node_interfaces:
node_interfaces::

NodeBaselnterface= node_base_
NodeGraphinterface> node_graph_
Nodelogginginterface= node_logging_
NodeTimersinterface> node_timers_
NodeTopicsinterface= node_topics

std::shared_ptr<rclcpp::node_interfaces:: NodeServicesinterface> node_services_
std::;shared_ptr<rclcpp:node_interfaces::NodeParametersinterface= node_parameters_
| #{ std::shared_ptrerclcpp::node_interfaces::NodeClockinterface= node_clock_
|
> ’ « —
rclcpp.node_interfaces
Fi A
©Nodeclocklnterface ©NodeParameterslnterface ©NodeSeNiceslnter‘face ©NodeTopicsInter‘face ©NodeTimersInterface ©NodeLogginglnter‘face ©NodeGraphInter‘face ©NodeBaseInter‘face

-

|
@Nodeclcck

-

@ NodeParameters

-

|
@NodeServices

-

|
@NodeTopics

-

|
@NodeTimers

-

1
©Nodechging

-

|
@NodeGraph

-

|
@NodeBase

» https://github.com/ros2/rclcpp/ = include/rclcpp/node_interfaces

2 1 CR/AEE1-Lange | 7 May 2019
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class MyNode : public rclcpp::Node {

public: Simple Subscription
MyNode() : Node("my_node") { o
auto callback = [this](const std_msgs::msg::String::SharedPtr msg) -> void { \Alrtr] r(:IC:F)F)
RCLCPP_INFO(this->get logger(), "I heard: [%s]", msg->data.c_str());
}s
sub_ = create_subscription<std msgs::msg::String>("/chatter", callback);
}
private:

rclcpp::Subscription<std msgs::msg::String>::SharedPtr sub_;

}s
int main(int argc, char * argv[]) {
rclcpp::init(argc, argv);

auto node = std::make_shared<MyNode>(topic);
rclcpp::spin(node);

rclcpp: :shutdown();
return 0;

CR/AEE1-Lange | 7 May 2019
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ROS 2 Layer by Layer: rclcpp Parameters

» Managed with node — no parameter server
» Handy tooling with ros2 param

» Typed (and to be declared from Dashing on)
» ... but nice template in rclcpp/node.hpp

» Old semantics — no declaration — still available
via NodeOptions

CR/AEE1-Lange | 7 May 2019

template<typename ParameterT>
auto
declare_parameter(
const std::string & name,
const ParameterT & default_wvalue,
const rcl_interfaces::msg::ParameterDescriptor & parameter_descriptor =

rcl_interfaces::msg::ParameterDescriptor());

rclcpp: :Parameter parameter;
if (nodelnterface-:get_parameter(name, parameter)) {

value = parameter.as_double();

BOSCH



https://github.com/ros2/rclcpp/tree/master/rclcpp/include/rclcpp

Current Status of ROS 2 - Hands-on Feature Overview
ROS 2 Layer by Layer: rclcpp — Node Composition and Executor

User code ROS client library rmw DDS
r ) =]
)
Node 1 .~~add_node g I
onNewLaserData(...) ~~~~~ 4+ Topic ‘laser’
\_ J ~~~~ @
LN ;
~N Executor =
Node 2 (Single or multi-threaded) . .
onNewLaserData(..) L-2dd.node ____ > rmw_wait A‘ % wait Topic ‘camera’
onCameraImage(.:j - Wait for DDS queue SCTJ
\ J v - Take item from queue rmw_take . E take > III
',a” - Call corresponding callback ¢ message o I
( q A ’,af’ with this item &) Topic ‘odometry’
Node 3 —’Ead node @
- o
processOdometry(..)« / > DDS cli
\ y message ‘ — ‘ client

24 CR/AEE1-Lange | 7 May 2019 BOSCH
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ROS 2 Layer by Layer: rclcpp — Node Composition and Executor

- » |__add_node Eﬁngﬂe
[Node Llstenel’} > Threaded

Executor

int main(int argc, char * argv[]) {
rclcpp::init(argc, argv);
auto node = rclcpp::Node::make_shared("listener");
auto sub = node->create subscription<std msgs::msg::String>("/chatter", callback);
rclcpp::spin(node);
rclcpp: :shutdown();

95 cRAEELLange 17 May 2019 BOSCH
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ROS 2 Layer by Layer: rclcpp — Node Composition and Executor

int main(int argc, char * argv[]) {

[ ) rclcpp::init(argc, argv);
Node “Talker” k. add_node ,
“~~\ rclcpp: :executors::SingleThreadedExecutor executor;
. J S
~
( ~ " auto talker_node = std::make_shared<Talker>();
- executor.add node(talker node);
Node “Listener” [-=¥2-"28% 5 Single -nodet 1099
L ) Threaded auto listener_node = std::make shared<Listener>();
Executor executor.add node(listener _node);
executor.spin();
rclcpp: :shutdown();
}
CR/AEE1-Lange | 7 May 2019 BOSCH
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ROS 2 Layer by Layer: Executor Semantics

» Analyzed and described current semantics of Executor implementation
with models from real-time community

» Daniel Casini, Tobias BlaB3, Ingo Liitkebohle and Bjérn Brandenburg: “Response-Time Analysis of ROS 2
Processing Chains under Reservation-Based Scheduling”, ECRTS 2019, to appear.

» https://github.com/boschresearch/ros2_response_time_analysis

» Complicated semantics consisting of
- Priority scheduling on first level and
- Round-robin for subscriptions on second level

» See https://github.com/ros2/rclcpp/blob/master/rclcpp/src/rclcpp/executor.cpp#L540
» On-going discussion in several GitHub issues and real-time working group

CR/AEE1-Lange | 7 May 2019
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ROS 2 Layer by Layer: Managed Nodes (aka Lifecycle)

Lifecycle design niplasenrassors
by Biggs & Foote, 2015

» Inspired by OMG RTC

M d Lf I Unconfigured Configuring Activating Shutting Down
anage I ecyc e C:;ii‘:ef - SUCCES! act.i ‘ - succes: Shutdow - succes
7y
Concepts:

S Cleaning Up Cleanp  +ecs Deactivating ok
» Primary states | o BREEAL e BRI

» Transition states

» Transitions

. Error Processing
Tool: ros2 lifecycle

https://design.ros2.org/articles/node_lifecycle.html
X https://github.com/bosch-robotics-cr/rosl_lifecycle

28 CR/AEE1-Lange | 7 May 2019 BOSCH
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ROS 2 Layer by Layer: rclpy

class QdomToT+(Mode):

def __init_ (self):
super({).__init_ ('odom_to_tF"')

self.last_position = VWector3()
self.last_orientation = Quaternion()
o
> https://glthub.com/rOSZ/rCIpy/ self.last_orientation.x = 8.8
self.last_orientation.y = 8.8

self.last_orientation. 8.0

2]
LI}

self.last_orientation.w = 1.8

» Well-developed and maintained
. self.sub_robot_pose = self.create_subscription(Vector3, "/robot_pose”, sel
soe and used for mOSt Command Ilne tOOIS self.pub_tf = self.create_publisher(TFMessage, “/tf")

self.tf_timer = self.create_timer(®.85, self.tf_timer_callback)

def robot_pose_callback(self, msg):
self.last_position.x = msg.x;
self.last_position.y = msg.y;
self.last_ocrientation.z = math.sin(msg.z / Z2.8);

self.last_ocrientation.w = math.cos(msg.z / 2.8);

Example from https://github.com/micro-ROS/micro-ROS_kobuki_demo

2 9 CR/AEE1-Lange | 7 May 2019 BOSCH
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from setuptools import find_packages

Current Status of ROS 2
ROS 2 Layer by Layer: rClpy package_name - ‘odom_to_tf

setup(
name=package_name,
version="8.8.1",
packages=Ffind_packages(exclude=["test']),
data_files=
('share/' + package_name, ['package.xml’']),
1.
install_requires=['setuptools’],
zip_safe=True,
> https://github.com/ros2/rclpy/
author_email="'ralph.lange@de.bosch.com’,
maintainer="Ralph Lange",
maintainer_email="ralph.lange@de.bosch.com"',
. o keywords=[ "odom', 'tf'],
» Well-developed and maintained Clnssifiers-|
. 'Intended Audience :: Developers',
eee and Used for mOSt Command Ilne tOOIS 'License :: OSI Approwved :: Apache Software License',
'Programming Language :: Python',
'Topic :: Software Development',

]J‘

» No need of CMakelLists.txt with colcon

tests_require=['pytest'],
but real Python package bt
'console_scripts': [
'odom_to_tf = odom_to_tf.odom_to_tf:main',
'circle_odom_publisher = odom_to_tf.circle_odom_publisher:main',
1,
1
)

Example from https://github.com/micro-ROS/micro-ROS_kobuki_demo
30 CR/AEE1-Lange | 7 May 2019 BOSCH
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Launch — Overview

» Launch files are Python scripts,

i.e. very little prescribed structure de generate launcn_description():
fmu_path = (ament_index_python.packages.get_package_share_directory('fmi_adapter_examples') +
’ r‘OSZ 1aunCh ' fshare/DampedPendulum.fmu')

fmi_adapter_description = launch.actions.IncludelaunchDescription(

launch.launch_description_sources.PythonLaunchDescriptionSource(

> Little documentation available amen'?l:_irjdex_pythufun.pa-.?kages.get_?ackage_share_director*yl:I
fmi_adapter') + '/launch/fmi_adapter_node.launch.py'),
> On'gOing diSCUSSion and developmentg launch_arguments={'fmu_path': fmu_path}.items())
. also regarding more prescribed description = launch.lLaunchDescription()

description.add_action{fmi_adapter_description)

mechanisms and structures

return description

Example from https://github.com/boschresearch/fmi_adapter_ros2

» Major know concepts from ROS 1 implemented
» Nested launch files
» Arguments
» Parameter files

CR/AEE1-Lange | 7 May 2019
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Launch — New Concepts

activate_delay_node = launch.actions.EmitEvent(event=launch_ros.events.lifecycle.Changestate(
lifecycle_node_matcher=launch.events.process.matches_action{delay_node),
transition_id=lifecycle_msgs.msg.Transition. TRAMSITION ACTIVATE))

pendulum_fmu_path = (
ament_index_python.packages.get_package_share_directory('fmi_adapter_examples') +

' fshare/DampedPendulum. fmu')

pendulum_node = launch_ros.actions.LifecycleNode(

Support for Managed Nodes (Lifecycle)

package="'fmi_adapter',

node_executable="'fmi_adapter_node',

» LaunCh aIIOWS tO register event node_name="damped_pendulum’,
handlers — e.g., on lifecycle state changes node_nEmespace=" example’,

parameters=[{

» Nodes can be started in synchronized e e oo
Stages or as a pipeline Or . y 'd': .81 # Reduce damping ratic {(default is @.1).

output="screen')

configure_pendulum_node = launch.actions.EmitEvent(
event=launch_ros.events.lifecycle.Changestate(
lifecycle_node_matcher=launch.events.process.matches_action(pendulum_node),
transition_id=1lifecycle_msgs.msg.Transition. TRANSITION_CONFIGURE))

Example from https://github.com/boschresearch/fmi_adapter_ros2

CR/AEE1-Lange | 7 May 2019 BOSCH
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Launch — New Concepts

Support for Managed Nodes (Lifecycle)

» Launch allows to register event
handlers — e.g., on lifecycle state changes

» Nodes can be started in synchronized
stages or as a pipeline or ...

Node composition from shared libraries
» https://index.ros.org/doc/ros2/Tutorials/Composition/

» Example: https://github.com/boschresearch/fmi_adapter _ros2
Branch Dashing > examples = launch

CR/AEE1-Lange | 7 May 2019

node = launch_ros.actions.ComposableNodeContainer(
node_name="'¥mi_adapter_nodes',
node_namespace="",
package="rclcpp_components',
node_executable="'component_container',
composable_node_descriptions=[
launch_ras.descriptions.ComposableNode(
package="'¥mi_adapter’',
node_plugin='fmi_adapter: :FMIAdapterdode’,
node_namespace="Jfdamped_pendulum’,
node_name="damped_pendulum',
parameters=[{
'fmu_path': pendulum_+mu_path,
'l': 25.8, # Set pendulum length to 25m.
'd': B.81 # Reduce damping ratio (default is @.1).
¥1hs
launch_ros.descriptions.ComposableNode(
package="'+mi_adapter',
node_plugin='¥fmi_adapter::FMIAdapterdode’,
node_namespace="/transport_delay’',
node_name="transport_delay"',
parameters=[{
'fmu_path': delay_ fmu_path,
'‘d': 2.33 # Set transport delay to 2.33s.
¥1)

BOSCH




System Modes

On-going activity, in the EU project
OFERA for micro-ROS

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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Extended Lifecycle and System Modes

» We observed three different but closely interwoven aspects
to be handled on the deliberation layer:

1. Task Handling: Orchestration of the actual task, the straight-

Deliberation Layer

forward, error-free flow / k ‘

2. Contingency Handling: Handling of task-specific component modes, action calls, ZT\E :ZZS ihdiagng}sis,
contingencies, e.g., expectable retries and failure attempts, restart, ahhtdown set values Evep;tﬁ ' system-state
obstacles, low battery. / '

. . . i
3. System Error Handling: Handling of exceptions, e.g., _
. Skill Layer
sensor/actuator failures.

» The mechanisms being used to orchestrate the skills are

service and action calls, re-parameterizations, set values,

activating/deactivating of components, etc.
» Function-oriented calls vs. system-oriented calls

intermixed and implicit in code
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Current Status of ROS 2 - Hands-on Feature Overview
Extended Lifecycle and System Modes

» Assumption: System is built from nodes
with lifecycle

» Introducing:

1. Modes

— Specialize ACTIVE state

— Set of values or ranges for node parameters
2. Notion of (sub)system

— Collection of nodes and (sub)systems
(system of system)

3. Modes for (sub)systems
— (Sub)system get same lifecycle as nodes

— Modes of (sub)systems specify modes of
their parts
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Mode
Manager

System
> 0+>0

Vision Pipeline

-

Drive-Base

Model file

system hierarchy

Requested mode

+
states and modes

Inferred mode

Observation ! Inference

L

Sensor Fusion Path Control Camera Driver

Object Detection

Param_1 Param_2 Param_5 Qq Param_1
Param_3 Param_7 Param_6

Param_4

“‘ Param_9

https://micro-ros.github.io/system_modes/
W3 https://github.com/microROS/system_modes
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# Clone system_modes
colcon build & source install/local_setup.bash
ros2 run system_modes_examples drive_base

52 rl@rl-vm: ~/system_modes_ws 116x12

# New bash
ros2 run system_modes_examples manipulator

# New bash

ros2 run system_modes mode-manager --modelfile

R src/system_modes/system_modes_examples/example_modes.yaml

# New bash

ros2 run system_modes mode-monitor --modelfile
src/system_modes/system_modes_examples/example_modes.yaml

# New bash

ros2 service call /actuation/change_state lifecycle_msgs/ChangeState
"{transition: {id: 1, label: configure}}"

ros2 service call /actuation/change_state lifecycle_msgs/ChangeState
"{transition: {id: 3, label: activate}}"

ros2 service call /actuation/change_mode system_modes/ChangeMode
"{node_name: 'actuation', mode_name: 'PERFORMANCE'}"

ros2 service call /drive_base/change_mode system_modes/ChangeMode
"{node_name: 'drive_base', mode_name: 'SLOW'}*

ros2 service call /manipulator/change_mode system_modes/ChangeMode
"{node_name: 'manipulator', mode_name: 'WEAK'}"

E\ https://github.com/micro-ROS/system_modes/tree/master/system_modes_examples
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Real-Time

On-going activity, partially in the
EU project OFERA for micro-ROS
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Current Status of ROS 2 - Hands-on Feature Overview
Callback-group-level Executor

é N\ ( )
Drive-Base node Other node
B onEmergencyStopMsg B
onCmdVel l
publishWheelTicks
l reportDiagnosticsData
. J V,

Executor Executor

OS Scheduler
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Current Status of ROS 2 - Hands-on Feature Overview
Callback-group-level Executor

User code ROS client library rmw
o T T ————— — -
r
Node 1 : :
— i — 1 Ll TN c c ' %
. . rmw_wait wait
(N y---= Single- or Multi- | 1 @ 1 (1
Node 2 - \—————’ . 3” threaded Executor I rmw take _ = take . TOpiC ‘laser’
- S -r'm Homogeneous scheduling  |¢ - T e
_" N g B4 . message =
— \\,; | O properties for all threads I "
L P I | S
g S X o= Topic ‘camera’
4 \\ | oD | @
Node 3-~ 0 ! o
S~ I% |_rmw_wait E wait | B}
] ~~_ 1 9% | Q Topic ‘od ;
¢ | N‘l‘~~ . . I rmw take & take opic ‘odometry
. * Single- or Multi- |3 <« IR - >
! threaded Executor |1 Me°°%€° | = DDS client
| Homogeneous scheduling I
I properties for all threads |
O |
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Current Status of ROS 2 - Hands-on Feature Overview

Callback-group-level Executor

/ Ping Node

rt_receive_rate

Configurable
be send_period

\_

Measured
be receive_rate

Short string with
simple counter

Configurable /% @__ /rt_ping
rt_send_period
Measured /rt_pong

< i Configurable
8 rt_busy_ loop
________ burns cpu cycles

/ Pong Node \

""""" Configurable
8 be_busy_loop
________ burns cpu cycles
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/

/be_ping

be pon

S /be_pong
rt: real-time be: best effort

With SCHED_FIFO
and core pinning:

- High priority
real-time thread

Low priority
real-time thread

BOSCH




Current Status of ROS 2 - Hands-on Feature Overview
Callback-group-level Executor

4 A 4 )
Ping Node Pong Node

9 12,0

@ B P|======7 E 10,0
-—— _9_____ E 8,0
Eﬂ 6,0
a
o 4,0
_8_ > _______ '§ 2,0 3
@ 8 @ . 0,0 @ ®
___.< ——————— 0 20 40 60 80 100 120 140 160
. J . J real-time busy loop (in ms)
EXGCUtOI’ Executor —@— real-time —@— best effort ===== ideal real-time ===== ideal best-effort
E\ github.com/boschresearch/ros2_examples - meta-executor
43 CR/AEE1-Lange | 7 May 2019 BOSCH




Bridge to ROS 1




Current Status of ROS 2 - Hands-on Feature Overview
Bridge to ROS 1

ROS 2
Talker

ROS 1
Listener

dynamic
bridge

/chatter (DDS) /chatter (ROS 1)
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oG

training@training-vm: ~ 80x24 training@training-vm: ~ 80x24
NF

smumce /opt/roslcrystal/setup bash sudo apt 1nsta11 ros- crystal rosl-bridge*
'sz Pun ¢emo nqdes'cpp talker source /opt/ros/melodic/setup.bash

: sguécga/thﬁnQSIGnystalﬁlogél;satuquash
; P0S2:-run-rosil.bridge  dynamic bridge :

£

( [ 4 i [H 11) World:
Lo le disk ge. Usage 5 B]: [Hello Wor
41: [Hello Wor
started roslaunch server http://training-vm:4 INF 5 7.363714925]: [Hello Wor
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[Hello World:
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[Hello World:
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[Hello Wor
). : [Hello Wor
process[master] started with pid [6842] \F . »]: I he [Hello Wor

s e EeE-toptresymelodic/setup.bash ros “jloﬂib/ﬁgtqb bash
Fﬂﬁﬁﬂf TEEKSZﬁ?;?&Eﬁ““””““” ; ﬁh%ﬁ%@f?fL“iutg”lbi“ 1mshéner
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Current Status of ROS 2 - Hands-on Feature Overview

Security

» Use of DDS Security mechanisms

» https://www.omg.org/spec/DDS-SECURITY/
» Version 1.1 is from July 2018

» SROS2 put convenience tooling on top:
ros2 security

» https://github.com/ros2/sros2

» Requires rebuild with
colcon build --cmake-args -DSECURITY=0ON

{?xml version="1.8" encoding="UTF-8"2>
{policy wversion="@.1.8"
wmlns:xi="http:/fwww.w3.org/ 2881/ XInclude":>
<profiles>
¢profile ns="/" node="talker":»
<xi:include href="common/node.xml"
wpointer="xpointer(/profile/*)"/>
{topics publish="ALLOW" >
<topicrchatter</topics
<ftopics>
<fprofile
<profile ns="/" node="1listener">
<xi:include href="common/node.xml"
xpointer="xpointer(/profile/*)}" />
<topics subscribe="ALLOW" >
<topicrchatter</topics
</topics>
¢/profiles
<fprofiles>
{fpolicy>

» Nice demo by Karsten and Mikael from ROSCon ‘18 (and recently updated) at
https://github.com/Karsten1987/roscon2018/tree/master/confbot_security
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Current Status of ROS 2 - Hands-on Feature Overview
FMI_Adapter

» Example: ActiveShuttle DevKit at Bosch

» Problem with lever to caster wheels e
» Slipping drive wheels
» Blocking caster wheels 7

» Root cause: Bore friction

LF = Left Front

Wywheel RF

ST

WCP‘\)(U’ | FN\- Contact Patch ’ /do ﬁ
7
Bk PVCP Pc.rB
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RB = Right Back
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Current Status of ROS 2 - Hands-on Feature Overview
FMI_Adapter

20 Left motor (wj/o filter)
» Model-based approach: Path Filter reduces J\W S Right motor (/o filter)
bore fnc“on r \\ — |_eft motor (w/ filter)
10 _ = Right motor (w/ filter)
» Realized with generic ::ROS-fmiz= wrapper
< 0
Path  |Xas.des| Path Filter | X4s,rit | Engine —
tracker “|(FMIAdapter) | driver
10 F \ /
. . . . \ /
» Reduction of peak currents, jerk, oscillations S )
_20 Wiy | | | |
15 15.5 16 16.5 17 17.5

time [s]

Schroder et al.: “Enhanced Motion Control of a Self-Driving Vehicle Using Modelica,
We FMI and ROS”, Modelica Conference 2019
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Current Status of ROS 2 - Hands-on Feature Overview
FMI_Adapter

) |
FUNCTIONAL
MOCK<UP
A =y INTERFACE
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n4C - @Source - Adams - AGX Dynamics - AMESim - ANSYS DesignXplorer - ANSYS SCADE Di
E Suite - ANSYS Simplorer - AUTOSAR Builder - AVL CRUISE - AVL CRUISE M - AVL Model.CO
Automation Studio - BEAST - Building Controls Virtual Test Bed - Cameo Simulation Toolkit (Magi
e - CarMaker - CarSim - CATIA - ControlBuild - Coral - CosiMate - CPPFMU - Cybernetica CENIT
_COSIM - DAE Tools - DAFUL - DS - FMU Export from Simulink - DS - FMU Import into Simulink - ‘
LEXIO - dSPACE SYNECT - dSPACE TargetLink - dASPACE VEQOS - Dymola - DYNA4 - Easy5 - E« \
iergyPlus - ETAS - ASCMO - ETAS - FMI-based Integration and Simulation Platform - ETAS - FML \
TAS - FMU Generator for Simulink® - ETAS - INCA-FLOW (MiL/SiL Connector) - ETAS - ISOLAR- ‘
ETAS - LABCAR-OPERATOR - Flowmaster - FMI Add-in for Excel - FMI add-on for NI VeriStand -
or Simulink - FMI Composer - FMI Library - FMI Target for Simulink Coder - FMI Toolbox for MATL
N4j - FMPy - FMU-proxy - FMUSDK - General Energy Systems (GES) - GT-SUITE - Hopsan - IBM
OS Independent Co-Simulation - IGNITE - INTO-CPS Co-simulation Orchestration Engine (COE) -
ica.org - LMS Virtual.Lab Motion - MapleSim - MESSINA - MoBA Lab - Morphee - MpCCI Coupling
LabVIEW - OpenModelica - OPTIMICA Compiler Toolkit - optiSLang - Overture - PROQOSIS - Ptolel
- RecurDyn - Scilab/Xcos FMU wrapper - Silver - SIMPACK - Simulation Workbench (SimWB) - Sin
Activate - Squish GUI Tester - SystemModeler - TLK FMI Suite - TLK TISC Suite - TRNSYS FMU E
\ation Framework - TWT FMU Trust Centre - VALDYN - Virtual Engine - WAVE-RT - XFlow - xMOL
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Current Status of ROS 2 - Hands-on Feature Overview
FMI_Adapter

Shared library

- Equations
- Solver

modelDescription.xml

(C sources)

BOSCH




Current Status of ROS 2 - Hands-on Feature Overview
FMI_Adapter

fmi_adapter node

My MOdel . .qu

Subscriptions
Input vars
Output vars
Publishers

/

Parameters

Parameter server

EK https://github.com/boschresearch/fmi_adapter_ros2
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Current Status of ROS 2 - Hands-on Feature Overview
FMI_Adapter

FMIAdapter adapter("MyModel.fmu");

vector<string> names =
adapter.getParameterNames();

adapter.setInputValue("phi", 4.5);
adapter.doStepsUntil(ros::Time::now());

double y = adapter.getOutputValue("y");

EK https://github.com/boschresearch/fmi_adapter_ros2
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Default - rqt

File Plugins Running Perspectives Help
EaMatPlot (2) pEc~? -ox
Topic|fexample,-‘yjdata| v autoscroll | 1 | @

A € > b Q

1.0 T
—— Jexample/a/data
—— Jexample/y/data
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Current Status of ROS 2 - Hands-on Feature Overview

Build Tooling (very brief overview)

Colcon + Ament + Cmake

» Colcon — meta-build system
» Can be extended for other, non-ROS environments

https://colcon.readthedocs.io/

» Ament — “iteration on catkin”

» Many handy CMake macros for
linting, package declaration, testing, ...

» colcon build, test, test-results

» but: ros2 pkg create

CR/AEE1-Lange | 7 May 2019

( fmilib dl)
(DIRECTORY include/ DESTINATION include)
(TARGETS DESTINATION lib)

( node src/ node.cpp)
( node )
(TARGETS node DESTINATION lib/

(DIRECTORY launch DESTIMATION share/

(BUILD TESTING)
(ament cmake gtest REQUIRED)
ament add gtest( test
test/ /FMIAdapterTest.cpp
ENV test fmus path= /test/fmu/
)

( test PRIVATE include)

( test )
ament target dependencies( test

(ament 1int auto REQUIRED)
ament lint auto find test dependencies()
()

ament export include directories(include)
xport libr )
export dependencies(rclcpp)

ament export dependencies(rclcpp lifecycle)

BOSCH
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Current Status of ROS 2 - Hands-on Feature Overview
Contributing

ROS 2 core packages and features
» Long-term roadmap at https://index.ros.org/doc/ros2/Roadmap/
» Meta-ticket for next release: https://github.com/ros2/ros2/issues/607

New packages
» Bloom as with ROS 1:

» https://index.ros.org/doc/ros2/Tutorials/Releasing-a-R0OS-2-package-with-bloom/
» Separate build farm instance at http://build.ros2.org/

Porting packages
» Contact ROS 1 maintainer early
» Decide about refactoring, coding guidelines, ... — maybe start with reformatting PR first
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THANK YOU

Dr. Ralph Lange

Robert Bosch GmbH, Corporate Research
Robert-Bosch-Campus 1

71272 Renningen, Germany
ralph.lange@de.bosch.com | github.com/ralph-lange
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