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ABOUT ME

Postdoc at CNRS-LIRMM in Montpellier, France

Research Interests
Model-based Whole-Body Control
Interaction through Forces
Redundant Robots & Multi-Robot Systems
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ROBOTS WITH A SENSE OF TOUCH

Admittance/Impedance-control for
human-robot interaction

Exploiting contact forces for intention
detection & adaptive control

Torque-controlled robots enable
impact / collision detection

Next step: How to exploit impacts with
existing robots?
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P. Mohammadi et al (RAM, 2019) ,,Compliant Humanoids Moving Toward Rehabilitation Applications“.
Video: https://youtu.be/v2zFpngoe_Q
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EXAMPLE: BALANCING WITH A QUADRUPED

Standing on 45 degree M8 .
angled stool with 8
interaction

N. Dehio et al (ICRA, 2018) ,,Modeling and Control of Multi-Arm and Multi-Leg Robots:
Compensating for Object Dynamics during Grasping”. Video: https://youtu.be/Ao-0W9chAd4
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EXAMPLE: COLLABORATIVE OBJECT HANDLING

N. Dehio et al (ICRA, 2018) ,,Modeling and Control of Multi-Arm and Multi-Leg Robots:
Compensating for Object Dynamics during Grasping”. Video: https://youtu.be/Ao-0W9chAd4
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EXAMPLE: COLLABORATIVE OBJECT HANDLING
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N. Dehio et al (ICRA, 2018) ,,Modeling and Control of Multi-Arm and Multi-Leg Robots:
Compensating for Object Dynamics during Grasping”. Video: https://youtu.be/Ao-0W9chAd4
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MOTIVATION

Providers of process automation for logistics are seeking for new technologies to
reduce the cycle time of take-and-put operations using robots.

Copyright H2020 EU project I.AM. (illustration by Visueeltjes) \
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WHAT IS IMPACT-AWARE MANIPULATION?
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CHALLENGES

- Avoiding hardware damage
Nonsmooth dynamics, discontinuities

Impact propagation on robot structure (including floating-base)
Integration of shock-absorbing, deformable materials
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OPEN SOURCE SOFTWARE FRAMEWORK MC RTC

High performance C++ libraries

SpaceVecAlg (SVA) RBDyn Tasks
Spatial vector algebra Rigid body dynamics J
C++11 implementation algorithms implementation QB soluer, Iowelovel facks and

constraints system

M) pepper |
/' Unified controller interface (mc_rtc) - -—

= Single interface for integration with simulation/robots = v g

= Unified controller interface to build new controllers (Python/C++) | ROS Y ® 0o

= Extensive tooling to program complex controller " o060 )
o High performance logging and log analysis tools i"‘f!!'atm. . ...)
o Server-based GUI ] J .

& c x -.a
o Statecharts (extended FSM) implementation

e Y
Command Sensor data ¢

Ll \g ¢
(desired joint position/torque) (encoders, forces, IMUs...) NG )
=
Simulation/Control interface i
Light software layer above existing simulation softwares/control framework
OpenRTM see ROS }wep V-REP
R TN S

Available: https://jrl-umi3218.github.io/mc_rtc
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OPEN SOURCE SOFTWARE FRAMEWORK MC RTC

- Single interface to write a controller

Even more extensible by plugins

High-level tasks (e.g. force control, visual servoing, whole-body stabilization)
. Controller logging facilities
- GUI for interactive control and monitoring

Extensible state-charts facilities

Available: https://jrl-umi3218.github.io/mc_rtc
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OPEN SOURCE SOFTWARE FRAMEWORK MC RTC

Everything available at: https://github.com/jrl-umi3218/mc rtc

Operating systems B O T

@mcﬁrtc Interfaces Robots Tutorials APl documentation JSON/YAML documentation O

- Linux
Humanoid in aircraft manufacturing: operating a circuit-

° M a C O S breaker
. W i N d O WS Key features

Simple tools for complex problems
|7| p plex p

Design a complex robotic applications on complex robots using simple
graphical tools.

Extensible interface

Write new components to solve your specific problem and integrate with
me_rtc using our lean C++/Python API.

Run the same code in simulator(s) or on the robot. Use one of the
existing interface or create your own.

Use your bot

® Write once, run everywhere
@

Use your own robot in the framework, a single URDF file is enough to get
you started. You can also use one of the available robots.



https://github.com/jrl-umi3218/mc_rtc
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IMPACT-AWARE QP-CONTROL

At impact, a QP can become unfeasible at the next
iteration because of state jumps

Problem

Impact location is difficult to plan
Impact timing is difficult to plan

J. Wang et al (2020) “Impact-Aware Task-Space Quadratic-Programming Control”
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IMPACT-AWARE QP-CONTROL

lllustrative 2-DoF example
. . AN N N W \ \ NN\ \ \ \
At impact, a QP can become unfeasible at the next s00 J\[0 S TR e e

iteration because of state jumps

k= [—18.9;55.8]" m/s? lt wi tl mpact-awareness

400 A

Approach
- Always assume impact in the next iteration

- Use impact model to predict state jumps

- Formulate constraints for post-impact states

- Let the QP determine the maximum velocity for desired
impacts

-> Can be seen as a 1-iteration MPC

qy, [rad/s’]
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J. Wang et al (2020) “Impact-Aware Task-Space Quadratic-Programming Control”
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J. Wang et al (2020) “Impact-Aware Task-Space Quadratic-Programming Control”.
Video: https://youtu.be/v1Jfy8-jiwE
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IMPACT-AWARE QP-CONTROL

No knowledge needed for...
- Exact contact localization
- Exact impact timing

- No need of reset map

-> Approach applies to existing, rigid robots

J. Wang et al (2020) “Impact-Aware Task-Space Quadratic-Programming Control”
https://arxiv.org/abs/2006.01987
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https://arxiv.org/abs/2006.01987
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IMPACT DATA COLLECTION

Which data are you interested in?
- Joint encoders

Force plates

IMUs

Motion capture

High-speed camera
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