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ros2_control - the Reusable
Kernel for Robots



ros2_control@stoglrobotics.de AP TOGL

e Professional support for ros2_control
o and ROS/ROS2

e CxO: Dr.-Ing. Denis Stogl
o ros2_control maintainer

2 full-time engineers
2 long-term Freelancers
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HW management and abstraction
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ros2 control — Kernel for ROS 2




ros2_control — Kernel for ROS 2 dl“ﬂ?ﬁ:‘g

3rd party ros2_control & friends

_________________

> Movelt2 \\
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N AV 2

<your_cool_app>

Controller
Management

7

Maximize resources spent on - Leverage existing controllers - Leverage simulation backend
actual client application - Implement custom ones, extend existing - Real robot backend - extend existing ones or create your own & ®
CC-BY: Denis Stogl, Bence Magyar (ros2 control) &




3rd party

> Movelt2

<your cool app>

Maximize resources spent on - Leverage existing controllers
actual client application

ros2_control & friends

Controller Management

arm controller

status broadcaster |5

base_controller

tool controller

<cool_controller>

e

Resource Management

Simulation

dp2ToGt

HW Interface|

Arm
HW Interface,

HW Interface|

oo A Position
@ Velocity
B Acceleration

@ 10s
A Status

@ <cool_itf>

- Implement custom ones, extend existing

- Leverage simulation backend
- Real robot backend - extend existing ones or create your own




Use-Case: Force Compensation along Trajectories s.ll“

Starting point: a manipulator working with JTC &)

Path planning

et F ) €CLOTY COMMAN i

Joint Trajectory
Controller

> Movelt2
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Arm

Hardware
Interface
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@ Position
@ Velocity

CC-BY: Denis Stogl (Stogl Robotics)
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ROBOTICS

1. “l need also a sensor for Force Control”

Ask yourself a Question:

“How many communications paths are there?”




y STOGL

Modelling complex hardware — individual components s.ll"Roaoms

Path planning

——trajectory command—

Joint Trajectory
Controller

> Movelt2
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Joint State
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Arm

Hardware
Interface

joint_states

Force Torque State
Broadcaster

Force Torque
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Hardware
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@ Position
@ Velocity
M Force

CC-BY: Denis Stogl (Stogl Robotics)



Modelling complex hardware — “bus through arm”

Path planning

—trajectory command—

Joint Trajectory
Controller

> Movelt2
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Joint State
Broadcaster

joint_states

rench msg—{Force Torque State

Broadcaster

Arm
-+
Force Torque
Sensor

Hardware
Interface

ROBOTICS

JT-. STOGL

@ Position
@ Velocity
M Force
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2. “l don’t have the hardware when | work remotely” & d

Use Mock Hardware! (or simulators)

> Movelt2

CC-BY: Denis Stogl (Stogl Robotics)

<ros2_control name="rrbot real" type="system">

<hardware=

<plugin>ros2 control deme hardware/RRBotSystemPositionOnlyHardware</plugin>
<param name="hw _start duration sec"=0.0</param>

<param name="hw_stop duration_sec"=3.0</param=

<param name="hw_slowdown factor">2.8</param>

<hardware=

Path planning ——trajectory command=-

Joint Trajectory
Controller

Mocked Arm

—

Joint State
Broadcaster

Hardware
Interface

Mocked Force

joint_states

Force Torque State
Broadcaster

orque Sensor

Hardware
Interface

<hardware>
<plugin=mock components/GenericSystem</plugin=

ROBOTICS

T-;STOGL

—=\

mock_components/GenericSystem
(re—

i

—/ =\

maock_components/GenericSystem

@ Position
@ Velocity
B Force

<ros2_control name="rrbot mock" type="system"=

<param name="fake sensor commands">True</param>
<param name="state following offset">0.0</param>

</hardware>
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3. & “l have my controller!” ‘_|T‘t STOGL

Your Cool
Path planning [=—trajectory command=—#{ Force/Torque A
Controller
Hardware
Interface

2 Movelt2 -
— e e

— Force Torque
joint_states Sensor

Hardware . Position
Interf :
Force Torque State nertace Velocity

Broadcaster . ; . . Force

. . . CC-BY: Denis Stogl (Stogl Robotics)
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ROBOTICS

4. “Oh, but my robot ends in torque limits, can | detect this?” ‘-IT" STOGL

Just add interfaces for it!

Your Cool
Path planning [=trajectory command=—®{ Force/Torque Arm
Controller
Hardware
} Interface
Joint State
r | Broadcaster
Force Torque
joint_states Sensor
Hardware . Position
Interface .
rench msg_,gForge TodrquetState : Velomty
roadacasier . . Force
& el

CC-BY: Denis Stogl (Stogl Robaotics)
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5. “My colleagues want to use my algorithm for teleoperation...” (= ‘_lT‘; STOGL

No problem — new subscriber in the controller!

Path planning

Servoing

Your Cool
———trajectory command=—#] Force/Torque
r_p Controller
command
)
Joint State
Broadcaster

Arm

Hardware
Interface

>Moveltz [ |

joint_states

Force Torque State
Broadcaster

Force Torque

Sensor

Hardware © Position

Interface ’ Ve!ocity
o0 0 B rForce
& W Status
00

CC-BY: Denis Stogl (Stogl Robotics)



6. “My controller is getting too complex” %+ AP TOGL

Admittance Controller
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6. “My controller is getting too complex”

No problem - use controller’s chaining!

Controller Manager

Joint Trajectory
Controller

Admittance
Controller

Limiting
Controller

CC-BY: Denis Stogl (Stogl Robotics)
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Chaining Controllers — great introspection

state_interfaces

elbow_joint_position

$ ros2 control view_controller_chains

joint_trajectory controller )

elbow joint position

elbow_joint_velocity

shoulder lift_joint_position

admittance_controller

shoulder lift joint velocity

admittance controller elbow joint position

shoulder pan_joint_position

/

admittance_controller_elbow_joint_velocity

shoulder_pan_joint_velocity

admittance_controller shoulder lift joint_position

wrist_1_joint_position

admittance controller shoulder lift joint velocity

wrist_1_joint_velocity

admittance_controller shoulder pan_joint position

wrist_2_joint_position

admittance_controller shoulder pan_joint velocity

wrist 2 joint velocity

admittance_controller wrist 1 _joint_position

wrist_3_joint position

admittance_controller wrist_1_joint_velocity

/

wrist_3_joint_velocity

admittance_controller wrist 2 joint_position

N

admittance controller wrist 2 joint velocity

ROBOTICS

JT-. STOGL

admittance _controller wrist 3 joint position

admittance_controller wrist 3 joint velocity

elbow joint_velocity

i

elbow joint_position

shoulder lift_joint position

elbow _joint_velocity

shoulder lift joint velocity

shoulder lift_joint_position

command_interfaces

elbow joint_position

shoulder lift_joint_position

shoulder_pan_joint_position

shoulder pan joint position

shoulder lift joint velocity

shoulder_pan_joint_velocity

shoulder pan joint position

tep_fts_sensor_force.x

shoulder_pan_joint_velocity

tep_fts_sensor force.y

tcp_fts_sensor_force.x

tep fts sensor force.z

tcp fts sensor force.y

wrist_1_joint_position

wrist_2 joint position

o wrist_3_joint_position

tcp_fts_sensor_torque.x

tcp_fts_sensor force.z

tcp fts sensor torque.y

tcp_fts_sensor torque.x

'

tep_fts sensor_torque.z

tep fts sensor torque.y

wrist_1_joint_position

tep_fts_sensor_torque.z

wrist_1_joint_velocity

wrist_1_joint_position

V4

wrist_2 joint position

wrist_1_joint_velocity

wrist_2_joint_velocity

wrist_2_joint_position

wrist_3_joint_position

wrist_2_joint_velocity

wrist_3_joint_velocity

wrist_3_joint_position

wrist_3 joint_velocity




Chaining Controllers — arbitrary architecture
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Controller Manager

ROBOTICS

JT-. STOGL

Diff Drive Controller

Limiting
Controller

PID Left Wheels

PID Left Wheels

C-BY: Denis Stogl (Stogl Rabolics)



Chaining Controllers — arbitrary architecture 1.|‘|-“ AR
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’t " For better overview, not all topics and parameters are shown for all controllers.
b e Please check controllers' description below for more details.
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What's hext?

e Chaining for state interfaces - Estimators

e Complex interface - vectors, (strings)

e Controllers: GPIO, Steering, Mechanum, etc.

e [nterfaces to PLCs

® “SR —ros2_control box*

>

Path planning

[ trajectory command—p}

Servoing

> Movelt2

application

my cool

q.) —twist command#}

ROBOTICS

dT-. STOGL

@ Position
@ Velocity

H Force . .
A 10s
WA Status

CC-BY: Denis Stogl {Stogl Robotics’



People behind ros2_ control
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Karsten Knese, Victor Lopez, Jordan Palacios,
Tyler Weaver, Mark Szitanics, Anas Abou Allaban,
Paul Gesel, Tony Najjar, Andy Zelenak, Olivier
Stasse, Felix Exner, Sachin Kumar, Noel Jiménez
Garcia, Jaron Lundwall, Alejandro Hernandez
Cordero, Maciej Bednarczyk, Patrick Roncagliolo,
Matt Reynolds, Colin MacKenzie, El Jawad Alaa,
Auguste Bourgois, Vatan Aksoy, Tony Najjar, Erick
G. Islas-Osuna, Christoph Frohlich, Tezer, Tim
Clephas, Lovro Ilvanov, Jafar Abdi, Michael
Wiznitzer, Patrick Roncagliolo, Bence Magyatr,
Denis Stogl and many more!

Control WG meeting
every second Wednesday .4
at 7/pm CET (Jan, 11th) &
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