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':_’é.ﬁ/é/ t is a simulator ?

[lvaldi,ICHR,2014]

System simulators
Simulate sensors, actuators, environment
Smoothly going from simulation to real robot

Accurate representation of reality

Stability

Control simulator
Real-time

Catch the robot main dynamics

To be integrate inside the control loop

ROS 2: Etat des lieux
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':_’é.ﬁ/é/ What is a simulator ?

[lvaldi,ICHR,2014]

System simulators

B Gazebo
B Stage
B Morse
B OpenHRP
Control simulator
MuJoCo W
RBDL H
Pinocchio W
Robotran M

ROS 2: Etat des lieux
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LAAS

s Problem 1: Reality

B Impact

B OpenHRP 2.x: 800 N
B Real robot: 1300 N
B Giving up speed

B Compliant material
B Dynamics

B Vision

ROS 2: Etat des lieux
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LAAS

me=P8 Problem 2: Software flexibility
e

From simulation to real robot

Being able to change parts of the simulator

Strong middleware

Sensor simulation

ROS 2: Etat des lieux
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CEH OpenHRP architecture
——

Model Loader Bglcléiig} Scheduler
CORBA
Dynamics Controll
Simulator rotier

LAAS-CNRS ROS 2: Etat des lieux
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CEH OpenHRP architecture
——

Model Loader Bglcléiig} Scheduler
CORBA
UT Dynamics Controller
Simulator
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e Global sequence - scheduler
_/

Start

Reading torque from controllers

Compute remaining forces A

Direct dynamics with integration scheme

Detect collisions |

ROS 2: Etat des lieux
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eeH OpenHRP AIST Dynamics Simulato
—

« Uses a mixture of generalized and maximal coordinates
formulation

« The generalized coordinates are used to compute the robot
state.

. This assumes a perfect rigid body dynamics (true for a high
PID control)

« The maximal coordinates are used to compute the rest of
the world state.

« Specific compliant joint are introduced in the direct
dynamics of the robot.

LAAS-CNRS ROS 2: Etat des lieux
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LAAS .
s ODE: The problem

i-th body
_*‘ speed v, € Rdim(i)
force F; € Rdim(i)

acceleration V;
then M;v; = F;
Mv =F

ROS 2: Etat des lieux
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':_’Sf/é/ ODE: The problem

i-th constraint
speed Jnvi+ ik + o+ inve 6 =0
all together Jv+c¢c=0(1)

My = Fe 4 Fext

&

with Fe— JT) J
then Mv = JT )+ Fext

then v=M1JTN+ M-LFext

then with (1) J(M~1JTA 4 M~1Fet) 4 c =0

then A\ = b

with A=JIM1JT et b=—(IJM~1Fet 4 ¢)

LAAS-CNRS ROS 2: Etat des lieux
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t@/ ODE: The problem

WA i

Joints when everythings goes well

Error Reduction Parameter

ROS 2: Etat des lieux
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t@@/@/ Our software control architecture

Dyn Feature ‘ WPG ’
\4
‘ Solver Task ’ 'I:D:asglrjerg
A
\ g ‘
< : SoT Entity

‘p — Python <—l» ROS

\4

| : C++ server

: Process/Task

OpenHRP: controller component - ROS/Gazebo: roscontrol

LAAS-CNRS ROS 2: Etat des lieux
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LAAS , :
a8 Motion generation: the problem

‘ t
CoM . Balance (under-actuated part)

min f(u(t), v(t))

g(u(t),v(t)) <0
h(u(t),v(t)) =0

g | GIK A general problem on the time window

f(t): The cost function
u(t): The control vector
g(t): The inequality constraints

h(t): The equality constraints

LAAS-CNRS ROS 2: Etat des lieux
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.)-' )y . ’!?’ B Size of the problem
/ﬂf “

+ v .
p y - 3 1.6 x 200 x 30 = 9600 variables
4 v
¥ &1 M Non linear constraints
- M Discrete nature due to contacts
.
. t
CoM . Balanfe (under{actuated |part) Free-flyer
uy
u L€T14N I"\\ 5("[ l"ld: Ii‘m’llh:l‘lll Il Jl‘:‘l ‘I-Illlr' Nvllldl) \/
un
2
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o MuJoCo [Koenemann, IROS 2015]
—

https://www.youtube.com /watch?v=WbsQBPzQakc

ROS 2: Etat
e d’Analyse et d’Architecture des Systémes LAAS-CNRS - Lille 2017 - Sept, 29" _ O, Sta



https://www.youtube.com/watch?v=WbsQBPzQakc

pCCH Motion generation
_/

t

|
min f(u(t)7 V(t)) CoM - Balance (under-actuated part)

g(u(t),v(t)) <0
h(u(t),v(t)) =0

g | GIK A general problem on the time window

B Planning and control solve the same problem

Planning is looking for a global feasible solution

Control is looking for on online sensor grounded local solution
B Planning is too long when simulating the control

B Control can fails

Local minima leading to an incomplete behavior

Mismatch between the control and the hardware

B Accessibility set [Majumdar, ICRA Best Paper Award 2013

ROS 2: Etat des lieux
"Analyse et d’Architecture des Systemes LAAS-CNRS - Lille 2017 - Sept, 29" _ O, Stasse 17/24




% HPP [IJRR Submitted]
—

http://stevetonneau.fr/files/publications/ijrrl6 /video.mp4

ROS 2: Etat lieux
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http://stevetonneau.fr/files/publications/ijrr16/video.mp4

BCCH Take away messages
_—/

« The embodiment (mechanical body, limits and controllers)
defines the motion capabilities of the robot.

« We need to connect the accessibility set of our controllers to
the planner.

« We need an efficient computation of the mechanical
quantities

« We need to break down the problem complexity with small
but representative problems

« We need to push higher the semantic level of our motion
controllers

LAAS-CNRS ROS 2: Etat des lieux
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BCCH Motion generation: the constraints
_/

|
min f(u(t)7 V(l’)) CoM - Balance (under-actuated part)

g(u(t),v(t)) <0 ‘
h(u(t),v(t)) = 0

IK A general problem on the time window

(Ml (q)q + N1 (q, q)q =+ Gl (q) = Tl (q)u + Cir(q))\ Actuated dynamics of the robot
Mg(q)q + Ng(q7 q)q + Gg(q) = C;(q))\ Underactuated dynamics of the robot
f()\) S ]: General balance criteria

< Upmjp < U < Umax Torques limits
Elmin < E] < amax Joints limits
d(Bi(q),Bj(q)) > €,Vp(i,j) € P (self-)collisions

& =Ji(q)g+Ji(9)d Tasks

LAAS-CNRS ROS 2: Etat des lieux
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peCH Motion generation: the con
_—/

CoM -nder-actuated part)

IK A general problem on the time window

Pattern generator
Focus on the underactuated part ¢
Model predictive control

Simplifying the walking problem to con-
trol only the CoM reference

(Ml (q)q + N1 (q, q)q =+ Gl (q) = Tl (q)u + Cir(q))\ Actuated dynamics of the robot
Mg(q)q + Ng(q, q)q + GQ(q) = C;(q))\ Underactuated dynamics of the robot
f()\) € F General balance criteria

< Upmjp < U < Umax Torques limits
Elmin < E] < amax Joints limits
d(Bi(q),Bj(q)) > €,Vp(i,j) € P (self-)collisions

(& =Ji(9)q +Ji(q)g Tasks

LAAS-CNRS ROS 2: Etat des lieux
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peCH Motion generation: the con
_—/

|
Inverse dynamics CoM - Balance (under-actuated part)

Focus on the inertia matrix g

IK A general problem on the time window

Forces

Complete constraints

(Ml(q)q + Nl(q: q)q =+ G1 (q) = T1 (q)u =+ C;r(q)/\ Actuated dynamics of the robot
Mg(q)q + Ng(q7 q)q + Gg(q) = C;(q))\ Underactuated dynamics of the robot
f()\) S ]: General balance criteria

< Umin <u< Umax Torques limits
E/min < a < amax Joints limits
d(Bi(q),Bj(q)) > €,Vp(i,j) € P (self-)collisions

& =Ji(a)g+Ji(q)g Tosks

LAAS-CNRS ROS 2: Etat des lieux
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LAAS :
=28 Motion control: Instantaneous control

CoM -nder-actuated part)

a

Inverse dynamics

Focus on the inertia matrix IK A general problem on the time window
Forces

Complete constraints

Ignore the actuator dynamics

(Ml( )q + Nl( )q + Gl (q) Tl (q)u —+ CI(q))\ Actuated dynamics of the robot
M2(q)4 + Na(q, §)g + Ga(q) = Cg (q)A Underactuated dynamics of the robot
f( ) S ]: General balance criteria

< umm <u< umax Torques limits
Amin < 4 < Qmax Joints limits
d(Bi(q),Bj(q)) > ¢€,Vp(i,j) € P (self-)collisions
(& =Ji(a)a +Ji(q)q Tasks

LAAS-CNRS ROS 2: Etat des lieux
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pECH Actuator dynamics
——/

Classical actuator SEA - Romeo - [IROS 2017] Mc Kibben Muscle - [IROS 2016]

Actuator dynamics: necessity to control

(d)(u) = 7} Actuators dynamics

M1 (q)q + N1 (q, q)q + Gl (q) = Tl (q)TJ + Cir (q)f Actuated dynamics of the robot

MQ (q)q + N2 (q7 q)q + G2 (q) = C;— (q)f Underactuated dynamics of the robot

< f(f) S ]: General balance criteria

Upmin < U < Umax Torques limits

qmin < a < é:]max Joints limits

d(Bi(q), Bj(q)) >€,Vp(i,j) € P (self-)collisions

(& = Ji(q)g + Ji(q)g Tasks

LAAS-CNRS ROS 2: Etat des lieux
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el Torque control with HRP-2
__/

A. Del Prete, T. Flayols

LAAS-CNRS ROS 2: Etat des lieux
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LAAS .
me=P8 Conclusion - Take away messages
_—/

We need better Dynamics Engine

We need better Contact model

We need better Vision Rendering

We need better Actuator simulator

My best wish : Aist Dynamic Simulator +
Blender Rendering + Gazebo

LAAS-CNRS ROS 2: Etat des lieux
d
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