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Warum ein neuer Treiber? 5
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Kurzeinfiihrung RSI @I

<Rob TYPE=“KUKA">

<Rist X=“149.0" Y=%19.5" . />

<Rsol X=“150.0" Y=%20.0" .. />
<Delay D=“42" />
[...]

</Rob>
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250Hz

<SEN Type="“SensorName”>

UDP Server
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<AK Al1=“0.07” A2="0.1" .. />

</Sen>
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Basisstruktur 50

ros2_control

FZI

Controller 1 - update

)
)

)
(
Controller 2 - update(
)
)

Timing abhangig
A von anderen
Komponenten

(
(

read

Controller 1 - update()

Regelzyklus
A verzogert bis
Paket kommt
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Asynchrone Kommunikationsstruktur

ros2_control Control Thread

packetReceived ()

Controller 1 - update()

Controller 2 - update /()

packetReceived ()

Controller 1 - update()
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Fertig implementiert - Was nun? @I

— Treiber implementiert
- hardware interface steht
— Robot Description gebaut

- Movelt aufgesetzt

Problem: Roboter fangt an zu “zittern”

ca. 150s nach Beginn der Trajektorie
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Kein Vortrag ohne plotjuggler 5

X
3
W/joint_states/rmd_kuka_jeint_a1/position
W/joint_states/rmd_kuka_jeint_a2/position
27 S . k . B/joint_states/rmd_kuka_joint_a3/position
C p I e S . H/joint_states/rmd_kuka_jeint_a4/position
q) 1] H/joint_states/rmd_kuka_jeint_as/position
(e E " b B/joint_states/rmd_kuka_joint_a6/position
c I Ubersprungener Wert?
=
Z Synchronisierungsproblem?
_“ —
o .
Sampling Fehler?
-3 - . . T T T T T T
662 670 672 674
0.1
W/joint_states/rmd_kuka_jeint_al/poesition[Derivative]
W/joint_states/rmd_kuka_jeint_a2/pesitign[Derivative]
L-*‘ B/jgi [Derivative]

Derivative]

nk stiates/rnjd_Kuka_jeint_33/positign
jding states/rmd_Kuka_joint_34/positiar

0.05 | ™ m/ig
1 B/jding states/rmd_Kuka_jeint_35/posit i prerivgt
T L y - T ulEa__|0|nf_“%n Derivati
J | ie] 7
] 19 vy

L

1 -
| + h

-0.05 1 r

0.1 -,

[
7aN

A
L
:&T

e ——

c
@
5=
&
~
.20
©
A=
=
=
O
(%]
@
O

T T T T T
662 664 670 672 674

8 FZI Forschungszentrum Informatik 11.12.2024



Wie debuggt man so etwas?

Lange Laufzeit: Bis zu 5 Minuten bis Probleme auftreten

Hohe Frequenz: 250Hz Regelfrequenz

@mi

\ Tests an Hardware: Potentielle Beschadigung der Getriebe
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LTTng - ros2_tracing @I

- ros2_tracing: Instrumentation fiir ROS 2 Pakete
- Tracing Instrumentation fiir Kernpakete
- Integration in launch Action, CLI Kommando, ...
— Default backend: Linux Trace Toolkit: next generation

- Per-CPU Buffering, effizientes binares Trace Format, ...

— Workflow:
1. Definiere Tracepoints
2. Rufe Tracepoints in eigenem Code auf
3. Session Daemon zeichnet Trace auf

4. Analyse kann spater durchgefiihrt werden



]
TTNG UST TRACEPOINT EVENT (

kuka rsi driver,

= —

iHardware interface::return type
iKukaRsiHardwareInterface: : read (
const rclcpp::Time& time,
const rclcpp::Duration& period

LTTNG UST TP ARGS (
unsigned long, time nsec,
unsigned long, period nsec
)
LTTNG UST TP FIELDS (
lttng ust field integer (
unsigned long, time nsec, time nsec
) lttng ust field integer (
unsigned long, period nsec, period nsec

lttng ust tracepoint (
kuka rsi driver,
14
time.nanoseconds (),
period.nanoseconds ()
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Tracing: Trace aufzeichnen @l

[

]

launch description.add action
Trace (
session name=“kuka rsi driver”,
events ust=][

~/.ros/tracing/kuka rsi driver

~—
———————————————— -
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Tracing: Analyse - Trace Compass

File Tools Window Help

I Project Explorer x = g

& kuka_rsi_driver
( Experiments [0]
~ (2 Traces[1]

2024-09-26_Tracing_rmd-linear_s¢
> [ Views

&2 External Analyses

[& Reports

B2 Control x
&L "3 4

type filter text

13

%: Resources S Control Flow = Statistics X § =8
Global - 2024-09-26_Tracing_rmd-linear_search

Global Events in selection

~ E12024- _Tracing_rmdH

~ [=Event Types
[Elkuka_rsi_driver:cmd 24.9 % 255,315 (247 % 29
T

[E kuka_rsi_driver:reac| 25 % 247 % 29
5 T

kukajsw,dr\ver:rsw,; 25% 255,328 (25.6% 30
—~ - =

[Elkuka_rsi_driver:writ) 25 % 255,325 (24.7 % 29

W kuka_rsi_driverrsi_packet_received B kuka_rsi_driverread W kuka_rsi_driverrsi_packet_received M kuka_rsi_driverread
W kuka_rsi_driverwrite M kuka_rsi_driver:cmd_sync W kuka_rsi_drivercmd_sync M kuka_rsi_driver:write

1
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= 2024-09-26_Tracing_rmd-linear_search X = A

A <srch> <srch>  <srch> <srch> <srch> <srch>

Gut fiir ersten Uberblick

Nicht beliebig hilfreich flir Analyse
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Il 2024-09-26_Tracing_rmd-linear_search
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Problem 1 - Analyse =

— Tiefergehende Analyse: babeltrace = Erst aufzeichnen, spater verschiedene Auswertungen durchfiihren °
iwrite_periods = [] i
ifor msg in bt2.TraceCollectionMessagelterator (path): i
i if not isinstance (msg, bt2. EventMessageConst): i
i continue i
i t = msg.default clock snapshot.ns from origin i
i if msg.event.name == " " i
i write perilods.append((t, t - last write t)) :
| last write t =t i
F o o o o o o e B B S S B B B S B B S B B B B B B B B a3
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Problem 1 - Analyse =

15

time [ms]

FZI

| —— Time between consecutive reads

—— Expected period for 250 Hz

________________________________________________

________________________________________________

______________________________

________________________________________________

______________________________

______________________________________________________________________________

______________________________

Write () -
Periode

Problem: Regelfrequenz fallt ab

Ursache: Steigende Ausfihrungsdauer in jtc

i
0 50

i
100

time [s]
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Problem 1 - Losung
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Alle Probleme beseitigt? @I

— Problem upstream repariert

—~ Neue Experimente

0.1 7
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Problem 2 - Analyse

5
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Write () - Periode I Zeit seit letztem write ()
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Problem 2 - L6sung @I

ros2_control Synchronization Interpolation
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Heaptrack 5

— Realtime Komponenten mussen Jitter minimieren start_robot.launch.py R

— Keine dynamischen Speicher Allokationen!

launch description.add action(
Node (
package="controller manager",
executable="ros2 control node",
output="screen",

- Generelle Design Entscheidungen
— Pre-Allokation aller Objekte mit dynamischer GroRe i parameters=| E

— Streaming-basierter XML-Parser 1ibexpat statt
DOM-Basierter tinyxml

controllers file,

1,

prefix=[“heaptrack”],

— Aber: Schwierig Ergebnis manuell zu beurteilen
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Heaptrack =
FZ)

File Filter Settings
File Filter Settings
File Filter Settings

Sun

Sur
i_di Summary Bottom-Up Caller / Callee | Top-Down Flame Graph Consumed | Allocations | Temporary Alle | ¢ Setacks Offe NSIC h t l IC h NIC h t m

normalen Kontrollzyklus

I_dr "
Selected Stack: |1/5

filter by function... filter by file.. filter by module..

+ Allocations | | Backirace =>» Kein Problem

_clone3inlibcso.6

80742 start_thread in libc.so.6
72312 . -
<unresolved function= in libst...
4978 .
kuka_rsi_driver::ControlThrea...
- 9105314 . . . .
rcutils_log_internal in libreutil...
9105314 . o
<unresolved function= in librc...
. . <unresolved function= in librc...
_<std:allocator<veid= > >:publishing... 929471 rel loqging multiole outout \
|| » ctoryControllerState_<std:allocator<v... 1161405 -099Ing | ple_output. write () 183
. . rcl_logging_rosout_output_ha...
3 JointState_<std::allocator<void> > >zp.. 2246079 B Do
e <unresolved function= in librc...

¢ relcppiSignalHandler:deferred_signa 51 ;n;;v‘wﬁ_lljlt;“:: I:‘d:’;g::;?g O run ( ) 2 O l 6 l 5 2
» main:{lambda()#1}:operator(){) cons 1604762 - - o

kuka_rsi_driver::ControlThread::run() it _rsi_driverso 2016164

<unresolved function= in libd...
<unresolved function= in libr...

v reutils_log_internal in libreutils.so 12 cunresolved functions in libr
+ kuka_rsi_driver:RsiParser:parseBuffa igned long) in libkuka_rsi_driver.so 2016152 R A
e - o s <unresolved function® in libr...
= kuka_rsi_driver:XmlParser:parseBUl¥r{unsigned long) in libkuka_rsi_driverso 2016152
b XML_ParserReset in libexpat.so.1 77544 . .
» XML_ParseBuffer in libexpat.so.1 1938608 Al lO ka tl onim
v <unresolved function= in librmw_cyclonedds_cpp.so 15488
» <unresolved function> in liblttng-ust.so.1 4634 KO ntI’O l lzyklu )
b <unresolved function> in libddsc.s0.0 18283
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kuka_rsi_driver

— Open Source (BSD 3-Clause)

— Einschrankung: Nur Treiber, kein URDF etc.

Gemessene End-Effektor Pose

pose broadcaster/PoseBroadcaster

22

Drehmomente in joint states
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Speed-Scaling auf Teach Pendant
(SOV_PRO)

ros2 controllers #1191

Asynchrone Kommunikation

RSI Simulator

Einbindung externer
Komponenten
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Anwendung @I
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Kontakt 50
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FZI Forschungszentrum Informatik

Robert Wilbrandt

Haid-und-Neu-Str. 10-14
76131 Karlsruhe

+49 721 9654 - 230
wilbrandt@fzi.de

"u
ol -
https://github.com/

fzi-forschungszentrum-
informatik/kuka rsi driver

www.fzi.de
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