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LConlewle

Industrial contex
" | . k .‘ 1 2 K o - N j

@ Repetitive tasks
@ No interactions between Humans and Robots

@ Fully automatized process
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Collaborative robotic

All tasks cannot be automatized!
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Synergy between the respective strengths

alaVA

v’ Perception

v’ Reasoning
v/ Adaptation
v’ Expertise
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between the respective strengths

alaVA

O

v’ Perception

v’ Reasoning
v/ Adaptation
v’ Expertise

O

v’ Precision, accuracy
v Repeatability

v Force

v Speed
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L Problematique

Advantages and interest for HRI robots

v Reduction of physical strain and injuries .
v Flexibility and adaptability - 1

v/ Optimization of the means of production

(KRUGER et al., 2009)

O Security

O Efficiency

O Ergonomics!

(Arar et al,, 2010; Lasota et al., 2014)
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L Problematique

Contributions at different layers :

Planning

What social codes and implicit rules
of interaction should be respected?

Lower layers

How the motion has to be built? =
Our work!!

(BROQUERE et al., 2010)
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LTraje(lorg generation

Trajectories

= Path + timing law

Task Planner <

Some advantages — 1 _ _
I \] [

4 X(t),X(t),X(t),X(t) and | Trajectory I >
higher derivatives can be I Planner |
controlled. SoftMotion | | |

Library I Y |

v Time-optimisation under . |
. . . | Trajectory >

kinematic constraints. I Controller |«

- A I

v Better description of the #

Sensors

motion, allowing a better
control.

Axis
Controllers

Possible architecture built around trajectories as the main
support of informations
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LTraje(lorg generation

Trajectories

Issues
Task Planner <
- Security
. I A2 [
m Efficiency I Trajectory I >
. I Planner [<
m Ergonomics
SoftMotion | | I
. Library |
Requirements I v |
| Trajectory >
J Online. I Controller [«
. __ L __1
O General conditions. # Sensors
. . Axis
O Bounded x(t), X(t), X(t) Controllers

O Time optimal.
Possible architecture built around trajectories as the main
support of informations

O Asymmetric constraints.
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LTraje(lorg generation

Smooth trajectory (HoGAN, 1984)

Smoothness defined by the number of derivative of position and their
extreme values

Qualities

O Improve accuracy

I S e O Extend the life span of
’f N e the manipulators
N e O Human-friendly

Two popular models

Tinet ’ > Minimum-jerk model

Generally a trajectory with bounded jerk . Constrained—jerk model
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Minimum-jerk model

Observations

# Practice and learning — smoother
movements

# Symmetrical bell-shaped velocity
curves

#1 Smoothness is related to Jerk
(FrasH et al., 1985)

Symmetrical bell-shaped velocity curve.
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LTraje(lorg generation

Minimum-jerk model

Observations

# Practice and learning — smoother
movements

# Symmetrical bell-shaped velocity
curves

#1 Smoothness is related to Jerk
(FrasH et al., 1985)

Conclusions

m |deal movement should be the
smoothest

m Jerk minimization = fo t)2dt

Symmetrical bell-shaped velocity curve.
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Trajectory generation

Advantages
v Organizing principle

(FrasH et al., 1985)

Symmetrical bell-shaped velocity curve.
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LTraje(lorg generation

Advantages
v Organizing principle

Drawbacks
(FuasH et al., 1985) X Subjective hypothesis

X Lack of flexibility

Symmetrical bell-shaped velocity curve.
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LTraje(lorg generation

Constrained-jerk model

Principle :

# Kinematic
constraints
specified

/ # Time

7 . . .

2 (— Positiontm) — — — AR, optimization
=== Velocity(m/s)
— = eccration(/ ) problem
— Jerk(m/s") Jmin

Advantages Drawbacks
v Flexibility X Kinematic bounds have to be
defined
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LTraje(lorg generation

Cubic vs quintic?

gt = ap + art + art® + azt> + ast* + ast®

1t t?2 td to®

0 1 2ty 3t2 4t2 5t 22 32
0 0 2 6t 12t° 20t3 2 2
1 tr t2 t3 ot te° aa | | ar
0 1 2tr 3t2 42 5t Z: :::
0 0 2 6t 12t 20t

One quintic is enough to join two arbitrary conditions ... but!
m Runge’s phenomenon

> Complexity. And simpler solutions exists !
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LTraje(lorg generation

Acceleration/Velocity Frame

Amax

green area = admissible
conditions

C;, Cr = Initial/final
conditions

Parabolas defined by
Jmin/Jmax

C;, Cr define four parabolas

Acceleration

Green borders

= Vmim Vmax» Amim Amax

Vmin holds on point C

Amin

0
vmin Velocity Vma

A seven cubic segment trajectory
(Jmina Amim JmaXa Vmim JmaXa AmaXa Jmin)
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rajectory generation

fferent types of trajectory
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Trajectory generation

Algorithm

Acceleration

Acceleration
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Velocity
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Compute the local
parabolas

Compute the singular
limit trajectories

From x¢, determine what
are the possible
sequences of trajectories.

For each possible
sequence compute the
time optimum trajectory.

Choose the faster
trajectory.
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LTraje(lorg generation

Third order trajectory generation : Algorithm

: ‘ % Compute the local
b parabolas

& Compute the singular
: ’ limit trajectories

2 From x¢, determine what
are the possible
sequences of trajectories.

% For each possible
sequence compute the
time optimum trajectory.

2 Choose the faster
trajectory.
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LTrajer,lorg generation

Third order trajectory generation : Algorithm

: ’ % Compute the local
’ parabolas

% Compute the singular
T ‘ limit trajectories

% From x¢, determine what
are the possible
sequences of trajectories.

% For each possible
sequence compute the
time optimum trajectory.

2, Choose the faster
trajectory.
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LTraje(lorg generation

Third order trajectory generation : Algorithm
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Compute the local
parabolas

Compute the singular
limit trajectories

From x¢, determine what
are the possible
sequences of trajectories.

For each possible
sequence compute the
time optimum trajectory.

Choose the faster
trajectory.
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Third order trajectory generation : Algorithm

: ’ % Compute the local
’ parabolas

% Compute the singular
T ‘ limit trajectories

2 From x¢, determine what
are the possible
sequences of trajectories.

% For each possible
sequence compute the
time optimum trajectory.

2 Choose the faster
trajectory.
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LTrajer,lorg generation

Harsh points in trajectory generations : short motions
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Trajectory generation

Harsh points in trajectory generations : short motions
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rajectory generation

Thanks a lot!!! Questions ?
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