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ros2_control@stoglrobotics.de

. Professionelle Integration und Entwicklung von ROS and ROS 2
Robotikanwedungen

« Spezialisiert auf HW control und Integration von ROS

. Dr.-Ing. Denis Stogl

« ros2_control maintainer, Robotik Experte

« Manuel Muth

Robotik Ingenieur

« 5 Vollzeit Ingenieure
2 Praktikanten
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ros2 control - Architektur

« Architektur gedacht fur Regelung:

« Eines einzelnen Roboters

- Einer kleinen Zelle
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ros2 control - Architektur

« Architektur gedacht fur Regelung:

« Eines einzelnen Roboters

- Einer kleinen Zelle

« ROS 2 baut auf DDS auf

> ermoglicht verteilte Systeme

> Regelung mehrerer Roboter

> Potential fur Verbesserung




ros2 control - Architektur

. ControllerManager —Management der Regler

ROBOTICS
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« ResourceManager — Management der Hardware Komponenten

ControllerManager

ResourceManager

Controller A

clain

— CommandIinterface |«

Create

&

Controller B

loan

Statelnterface

export ©
Sensor

. Command-/Statelnterfaces auch Handle genannt
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ros2 control - Architektur

o Shared-Memory Architektur

. Hardware alloziert Speicher

« Regler erhalt Gber Handle Zugriff auf Speicher

ControllerManager ResourceManager
Create i
Command-/ & Sytem (Treiber)
Claim Statelnterface Export
Controller loans ALLOZIERTER

SPEICHER

Pointer




ros2 control - Architektur

. Beispiel:

« Treiber schreibt einen Zustand

ControllerManager

ResourceManager

Claim

Command-/
Statelnterface

Create
&

Sytem (Treiber)
Export |

Controller loans

Pointer —

,\ ALLOZIERTER
—> SPEICHER

= I.d (read)

§ 'ibend (write)
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ros2 control - Architektur

. Beispiel:

« Treiber schreibt einen Zustand

ControllerManager ResourceManager

Command-/ Create
Statelnterface &
Claim Export
Controller Sl
pPointer —+— ____

- I.d (read) = .ibend (write)
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ros2 control - Architektur

. Beispiel:

« Treiber schreibt einen Zustand

ControllerManager ResourceManager

Create

Command-/ & Sytem (Treiber)
Claim Statelnterface Export
ALLOZIERTER
ﬂﬂﬂﬂﬂﬂﬂﬂﬂ SPEICH

Controller loans

Pointer

- I.d (read) = .ibend (write)
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Konzept |

Computer M

Central Controller Manager

Export|Command-/Statelnteface via ROS 2 Service

Computer 1 Computer N

Sub-Controller Manager 1 ||| | Sub-Controller Manager N




1.) Verteilte Treiber JdporoCt
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Resource
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Export|Command-/Statelnterface via ROS 2 Service
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2.) Verteilte verkettet Regler Jdp 21Ok

Computer M

Central Controller Manager

Resource
Manager M

" Command- | Controller B
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imports of Loaned
Sub-Controller Command-

Managers ’ _/Stateinterfaces
> 7 V

Export|Command-/Statelnterface via ROS 2 Service

Computer 1 Computer N
Sub-Controller Manager 1 Sub-Controller Manager N
Resource | Resource |
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System 1
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System N
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Konzept

« Adaption der Handles:
o Beschreibung wird exportiert

« Erzeugen von Publishers/Subscribers

Computer 1 ROS 2 Nodes and Topics Computer 2
Sub-Controller Manager 1 Central Controller Manager
Resource Manager 1 Resource Manager
/~ Command/ /" Exported
Statelnterfaces Command/
Statelnterfaces

“Create Loans:
" here

Publish Recei | o
' eceive e
Driver for Statelnteface State _ _ State Exported o
Robot 1 N Node /] PublishStateTopic > Statelnteface
Node

\ %
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Konzept Jdp o6t
« Adaption der Handles:
« Beschreibung wird exportiert

« Erzeugen von Publishers/Subscribers
Computer 1 ROS 2 Nodes and Topics Computer 2

- Receive
Publish v ~ Central Controller Manager

Sub-Controller Manager 1
Command Command

/Create Loans:
 here

Statelnterfaces
ommandInterface
Node
Node

Resource Manager 1 PublishCommandTopic Resource Manager
/~ Command/ / \ /" Exported
Exportea
Dervbe rtfc1)r \ ReceiveCommandTopic — |
0bo Receive Publish
N Y, Y,

Statelnterfaces | .- N Command/
Commandinterface
Command Command | |||\




Evaluation JdporoCt
Robot Cell 1 Robot Cell 2
« 2 Roboterzellen N N
« KUKA KR3 R 540 4 74
. ready2 educate - -
g g

« 1 Netzwerk Switch I—I I—I

« Separates Netzwerk _
Data Switch

3 verschiedene Computer I ‘ I

. RT-PREEMPT: 5.15.0-1048-realtime| PC1 PC2 PC3

« Kein zusatzlicher Netzwerkverkehr
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« DDS Middlewares und QoS Profile:

DDS
QoS Lemeer Fast DDS Cyclone DDS Connext DDS
Profil
Sensor Profil X X X

Reliable Profil X X X




Evaluation

« DDS Middlewares und QoS Profile:
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Policy

QoS
Profil

Reliability

Sensor Profil

BEST_EFFORT

Reliable Profil
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Evaluation: Verteilte Treiber Jp2TOCL

ROBOTICS
Computer 1
Central Controller Manager

Resource

Manager M _ .
f N JointTrajecotry

Command- Controller
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imports of Loaned
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Evaluation: Vertelilte Treiber

« Fast DDS & Sensor Profil
e, Data/s1_sensor_fast_dds/s1_5?'p_§?r_fast_dds1 [999.8 sps]
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Evaluation: Verteilte Treiber Jp2TOCL

o Connext DDS & Sensor Profil

Data/s1l_sensor connex _dds/sl_sensor connex_ddsl [999.9 sps]
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Evaluation: Vertelilte Treiber

« Ubersicht Kombinationen

AVG over Ascending Edges

Fast DDS sensor s Fast DDS reliable 015Cyclone DDS sensor 015Cyclone DDS reliable
0.10 A 0.10 A 0.10 A 0.10 A
0.05 A 0.05 A 0.05 A 0.05 A
(] (] (2] (9] (]
] ] ] ] ]
5 0.004 = 0.00A = 0.00- = 0.00- =]
p S 3 3 3
—0.05 A —0.05 A —0.05 A —0.05 A
—0.10 —-0.10 —0.10 —0.10 1
-0.15 T -0.15 T -0.15 T -0.15 T
1 1 1 1
Outlier: 8.0 Outlier: 90.667 Outlier: 2.667 Outlier: 0.0
Score: 0.999 Score: 0.998 Score: 0.999 Score: 0.999

MSE 0.829 x 1e-3 MSE 1.193 x 1e-3 MSE 0.68 x le-3 MSE 0.851 x 1e-3

015Connext DDS sensor

0.10 4 ——

0.05 -

0.00 +

—0.05 A

—0.10 4

-0.15 T
1
Outlier: 90.667
Score: 0.997
MSE 1.655 x 1e-3

Values

ROBOTICS
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01(Sionnext DDS reliable

0.10 A

0.05 A

0.00 A

—0.05 A

—0.10 A

-0.15

1

Outlier: 68.667
Score: 0.996
MSE 2.351 x 1le-3



Eval.: Verteilte verkettete Regler JP>196t
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Eval.: Verteilte verkettete Regler JP>196t

o Fast DDS vs Connect DDS mit Sensor Profil
Fast DDS Connext DDS
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Vielen Dank!
ROSCON 2023

Manuel Muth M.Sc.
Dr. Denis Stogl
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Szenario 1

o Verteilte Treiber: Fast DDS sensor vs Connext DDS sensor

.o Fast DDS sensor — - Connext DDS sensor
8.5 .51
’gs.o- Ea_OA
E E
v ©
o v
c 75 g,
< ©
17 2
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Time (s) Time (s)
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Szenario 1

o Verteilte Treiber: Connext DDS Sensor Profil

Ascending Deviation 1

Data/s1l_sensor_connex_dds/sl _sensor_connex_ddsl [999.9 sps] Ascending & Descending

Ascending Deviation 2

Ascending Deviation 3

Descending Deviation 1

Descending Deviation 2

ROBOTICS
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Descending Deviation 3

0.2 0.2 0.2 0.2 0.2 0.2
0.1 1 0.1 0.1 —+ 0.1 0.1 4 0.1 1
0.0 0.0 0.0 0.0 0.0 0.0
("] (%] (2] ("] %] (%]
(] (V] (O] (V] (V] (0]
3 3 3 3 3 3
g g g A1 g g g T
-0.1 _E_ -0.1 5 ~0.1 8 -0.1 —0.11 T ~0.1
—-0.2 —0.21 —-0.21 —0.2 -{ —0.21 —-0.21
' E
-0.3 . -0.3 - -0.3 - -0.3 8 -0.3 , -0.3 .
1 1 1 1 1 1
Min.: -0.098 Min.: -0.108 Min.: -0.084 Min.: -0.114 Min.: -0.093 Min.: -0.073
Max.: 0.098 Max.: 0.107 Max.: 0.084 Max.: 0.122 Max.: 0.094 Max.: 0.076
Q1: -0.025 Q1l: -0.028 Q1: -0.021 Q1: -0.026 Q1l: -0.023 Q1l: -0.017
Mean: -0.003 Mean: -0.0 Mean: 0.001 Mean: -0.001 Mean: 0.0 Mean: 0.002
Q3: 0.024 Q3: 0.027 Q3: 0.021 Q3: 0.034 Q3: 0.023 Q3: 0.021
Score: 0.997 Score: 0.997 Score: 0.998 Score: 0.995 Score: 0.997 Score: 0.998
Coef.: 0.685 Coef.: 0.692 Coef.: 0.674 Coef.: -0.699 Coef.: -0.7 Coef.: -0.695
MSE: 1.993 x 1le-3 MSE: 1.942 x 1le-3 MSE: 1.029 x 1le-3 MSE: 3.214 x 1le-3 MSE: 1.583 x 1le-3 MSE: 1.050 x 1le-3
Outliers: 150 Outliers: 103 Outliers: 19 Outliers: 143 Outliers: 116 Outliers: 129




ROBOTICS

Szenario 1 Jdp o6t

o Verteilte Treiber: Fast DDS Sensor Profil

Data/s1_sensor_fast_dds/s1l_sensor_fast_ddsl [999.8 sps] Ascending & Descending

Ascending Deviation 1 Ascending Deviation 2 Ascending Deviation 3 Descending Deviation 1 Descending Deviation 2 Descending Deviation 3
0.2 0.2 0.2 0.2 0.2 0.2
0.1 0.11 0.11 0.1 0.11 0.1

0.0- 0.0 0.0 0.0 0.0- 0.0 []

("] (2] ("] (%] (")) %]
(O] (0] (O] (] (0] (O]
2 2 2 2 2 2 .
S L S ~ S L S g S
—0.1" —0.11 —0.11 —-0.1+ —0.1" —0.11
—0.2 —0.21 —0.21 —-0.21 —0.21 —0.21
-0.3 T -0.3 ' -0.3 T -0.3 - -0.3 T -0.3 -
1 1 1 1 1 1
Min.: -0.076 Min.: -0.074 Min.: -0.079 Min.: -0.069 Min.: -0.071 Min.: -0.059
Max.: 0.078 Max.: 0.08 Max.: 0.075 Max.: 0.069 Max.: 0.071 Max.: 0.068
Q1: -0.021 Q1l: -0.02 Q1: -0.02 Q1l: -0.017 Q1: -0.018 Q1: -0.018
Mean: -0.003 Mean: -0.003 Mean: -0.002 Mean: -0.003 Mean: -0.004 Mean: -0.004
Q3: 0.02 Q3: 0.021 Q3: 0.02 Q3: 0.017 Q3: 0.017 Q3: 0.016
Score: 0.999 Score: 0.998 Score: 0.999 Score: 0.999 Score: 0.999 Score: 0.999
Coef.: 0.701 Coef.: 0.7 Coef.: 0.696 Coef.: -0.708 Coef.: -0.706 Coef.: -0.708
MSE: 0.807 x l1le-3 MSE: 0.874 x 1le-3 MSE: 0.807 x l1le-3 MSE: 0.551 x 1le-3 MSE: 0.642 x le-3 MSE: 0.619 x le-3
Outliers: 0 Outliers: 24 Outliers: 0 Outliers: 2 Outliers: 6 Outliers: 0
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« Abstandsmessung mittels Distanzsensor:




Echtzeitfihigkeit ROS 2 Jdp oGt

« Seit der initialen Veroffentlichung 2018 mehrere Untersuchungen
« Echtzeit Kernel (Preempt-RT)
. Ping Pong Latenztest
« Fur initiale Version Ardent: weiche Echtzeitfahigkeit moglich [1]
. 2021 Eloquent
« Mit Nutzung von PTP
« Echtzeitfahiger Speicherverwaltung

« Verbesserung der Latenzen < 1ms — bis 1 kHz [2]

. Weitere Untersuchungen — Harte Echtzeit moglich [3]
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