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LAAS
g T he problem

Costly, heavy, "car-factory"
robots is not satisfying

Competitivness/versatility/avoid
"Dull Dirty Dangerous Tasks"

Partial automation is desirable
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LAAS ... .
N2 Human robot collaboration in industrial use case
__/

125 millions of holes drilled by year

75 % are done manually
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LAAS ... .
N2 Human robot collaboration in industrial use case
__/

Safety . Humanoid Robot
———  for the factory

of the future

Power
Goal : Safety and Power 125 millions of holes drilled by year
Reactivity through planning and control 75 % are done manually
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mEel ROB4FAM : Objectives
—-—/

Provide lightweight, safe, mobile, versatile manufacturing
cells

1
Humanoid robot as a
scientific flagship

Applicative transfers
through pragmatic
proof of concepts
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RCSA Collaboration : Hist

— 2013 — 2014 =— 2015 =—— 2016 =— 2017 =— 2018 =— 2019 —>

1 1 1 1 1 1 1
1 1 1 1 1 1 1
] ] " 1 . ] . .
1 . . . 1 . 1 Inauguration
Reactive Mo- 1 Walking without thin- ' Pyréne ' ROB4FAM
tion Planning ! king with a fire hose ! Inauguration !
1 1 -
' ' Acquisi-
‘ ‘ ‘ tion Tiago
' '
1 ] =
1 [ - o
, Climbing stairs e
Vision based Whole 1
body motion 1

with a ramp (LE

Climbing stairs

ROS Industrial Stuggart 2019

/ ‘boratolre Analyse et d’Architecture des Systémes LAAS-CNRS - Dec, 101" _ O. Stasse 5/25



L@‘@&s‘, P& The problem - The vision
_/

Problem 1 : Variability according to the customers
Problem 2 : Variability in the realization (humans)
Problem 3 : Variability in the delivery

Problem 4 : Collaboration with humans

Problem 5 : Certification
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pee¥4 ROB4FAM : The approach
——

Flexibility : Not being trapped in a software architecture
Open — Source : All code-source BSDv2
Composability : Variability in the delivery

wT ‘ _ -

Mechanical Modularity : Decreasing the cost —

il ‘1—1—3
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Lé@i/ State of the art 1/2 [Urata, DRC, 2013]
_—/
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e State of the art 2/2 [Nishiwaki,IJRR, 2012]
_/
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e ROB4FAM : Workpackages
——

WPI1 : Real-time/Interactive Planning
WP2 : Torque control

WP3 : SLAM
WP4 : Balance

LAAS-CNRS
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e The problem - The challenges
_/

Challenge 1 : Climbing stairs
Challenge 2 : Screwing
Challenge 3 : Drilling

Challenge 4 : Multicontacts
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« roscontrol : A *must* have

- ROS-2:

« Not enough real-time : field bus from field bus jitter
too important
« Connection with industry standard :
= Not favorable comparison with OPC UA
[Profanter,|CIT,2018]
= Not favorable comparison with PLCOpen [Fischer,

ITASE, 2019
« Yes but with ROS-2 we can use such middleware if
needed.
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t?@/p?/ ROS control - Introduction

controller_manager
hardware_interface

Real Hardware -:RobotHW rosservice:

list_controllers
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LAAS

RER ROS control

Real robot RCSotController

ROS

AbstractSotExternallnterface ‘

!

Python ‘

Effortjointinterface
Positionjointinterface
JointHandle a_{ oyn —Feature [ wes
Robot
ImuSensorHandle q\' Solver f[ Task

ForceTorqueSensorHandle Stack Of Tasks

[ Desired
Feature




LAAS

BES= ROS control

: trols
Real robot real time thread foscontolsot dynamic-graph-bridge

RCSotController T 08 nrt thread
RobotHardware
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Rosmaan] o rassuneatie]
ForceTorquesensorHandie

() rdm \
Desired
Solver Task Feature]
rosconta
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Gazebo

RobotHardware

gazebo-ros-control

Stack Of Tasks

dynamic-graph / dg-python / sot-core
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i%/ WP?2 Path planning (1/2)

BWP1 Path planning Coupling planning and control
sot-core
hpp
Agimus
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i%/ WP1 Path planning (2/2)

Embedded in the robot : planning and control
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==l \\/P2 Torque control (1/3)
_—/

BWWP2 Torque control Low level access checked
sot-torque-control
talos-torque-control

PAL torque control software layer
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oGl \\/P? Torque control (2/3)
_—/

m
[ T. Flayols and al. ICHR, 2017] [PAL Robotics - IROS 2018]
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oGl \\/P? Torque control (3/3)
_—/

DDP on one actuator [Ramuzat, ECC2020 (Submitted)]
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ROl \\/P3 Perception (1/2)
_—/

EMWP3 SLAM Visp (IRISA)
Auto-Tune ICP (Oxford)
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WP3 Perception (2/2)

[Fallon, ICHR, 2016]
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LAAS
CNRS WP4 Balance
__/
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IR Conclusion

= ROS control is nice!

Tight integration between lab and industry is much easier
with ROS

ROS-2 and real time capabilities are very important.
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Questions ?
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