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Optimization techniq

* Development of the simplex method by Dantzig
programming problems

e The enunciation of the principle of optimality in 1957 b
programming problems,

» Work by Kuhn and Tucker in 1951 on the necessary an
for the optimal solution of programming problems laid t
research in non-linear programming.

e The contributions of Zoutendijk and Rosen to nonlinea
the early 1960s have been very significant.

e Work of Carroll and Fiacco and McCormick facilitated
to be solved by using the well-known techniques of uncon
e Geometric programming was developed in the 1960s




Meéthodes d optimisation

Methodes basées sur le calcul Méthodes guidées Meéthodes énumeératives
de maniére pseudo-
/ \ aleatoires \
Méihodes dinectes: - Méthodes analytiques Programmation dynamique
Newton  Fibonacci Méthodes évolutionnistes  Reenit Sinulg

[\
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Optimization techniques

L.R.P.

PlatE foRme Francaise de Réalité Virtuelle

SP1 : Niveau physique et moteur

Lot 1.2 : Modélisation de la commande permettant d'assurer I'équilibre
du mannequin pour une simulation interactive en RV

Partenaires :

LRP

CEA LIST

EADS CCR

avec la participation de : INRS




Mobile robot desig
Task specification exa




Task-based topolog

Problem statement :

Finding the best feasable configuration from the current configu
given task is a combinatorial optimization problem.




To create (i.e. to design) artefacts that are cap

= Quantitative descriptions of robot performances are key issues

= In robotics, the performance measure depends on the nature of the
system and the nature of the task.

A performance measure assigns a humerical value (the cost) to a
system and a particular manner (control & programming) of executing
this task.

= Finding the "best” system and the "best” way to execute the task
can be translated into an optimization problem.

= The formulation of appropriate objective functions requires to take
into account task variability (MO).




Analysis of the design p

» Task complexity (complex trajectories,
constraints, highly constraint environme

- Specificity of the surgical practices

- Creative design




What makes EAS ¢

% Some advantages of evolutionary design
= problems specification:

complex tasks (specification)
task diversity (adaptation)

= objective functions:

irregularities, non-valuated paramete



Illustration of Microsurgic

Instrument for
Minimally Invasive Coronary Artery By

Complex motion of suture
with a circular needle

-Insertion constraints and
obstacle avoidance

- High force transmission
capacities
(thread)




Illustration of Microsurgic
Micro-Active Endoscope & Colc

-Controllable tigh’r bends in the
3D space of The endoscope

*Adaptation of the local

curvature to the interior

geometry in reaction to
inferactions

-Sterilization
(140° during 20 minutes)




Active endoscope

Example of proposed design

Distal portion of an active endoscope Illustration of a t

Segments L
/) Optical fiber bundels

+ tool chanels
+ image guides
Elastomer
sheath-._

™ viewing tip




Micro-suturing instrume
Example of proposed design

Dextrous instrument for thoracic minimally invasive surgery




Design approac

" Task-oriented design of systems and their as

o1t 12.1. 1w  Topological description

, Mij= 0 =»Pas d'Intcractions |

Mechanical systems

=»Liaison d'Axe Y

=»Liaison d"Axe Z

=»Liaison d'Axe X

JCINTS (T)  SEGMENTS (S) WHEELS (W) MCDULAR ROBOT

SELECTION
MUTATION
CROSSOVER

REPARATIONS

Evaluation Associated Control



Illustrations through
research developme
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1.EVOLUTIONARY OP
OF MECHANICAL AND CO




Considered problem

L.R.P.

& Design of the distal portion of endoscopic syste

System requirements
1) Controllable tight bends in the 3D space

2) Adaptation of the local curvature to .
the interior geometry in reaction fo interactions




L.R.P.

System des

& Endoscope structure

:
ka Optical fiber bundels
+ tool chanels

+ image guides

actuators

& Reactive control strategies

Agent = 1 segment
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Principles of the

& Basic principles of Evolutionary Algo

ALGORITHM Genetic % % %

(1) RANDOM INITIALIZATION Traits <~ Infroduction

IF (! CONDITION) DO: %ﬁ%ﬁ

(2) EVALUATION (1) Populaticn

(3) SELECTION
(4) CROSSOVER
{5) MUTATION

(6) REPLACING




Genetic Algorith

L.R.P.

& Encoding
Genome composed of a string of real numbers w

Conftrol Length of Lenght Joint orientation
strategy 1st module | 2nd module between modules

2n genes

& Genetic operator
sarithmetic crossover :



Application to colonoscopy

& Function description

& Task evaluation
For the particular application, a fitness function is :

Fitness : a/(X Rotations) + b/(X Contacts) + (Penetrating Distance)



L.R.P.

Application to colo

& GA design

GA : Steady state

Percentage of replacement : 50%

Population size : 50

Max. number of generations : 70
Crossover probability : 0.9
Mutation probability : 0.01
Fitness scaling : Linear

= Exemple of results :

a)




2.Synthesis of evalua




Synthesis of evaluati

L.E.P.
& Previous works

o F. Chapelle, Ph. Bidaud - A closed form for inverse ki
general 6R manipulators using genetic programming = in P
Robotics and Automation - Seoul 2001

= Analytical functions approximating simulati
evaluation functions based on Evolutionar
using genetic programming
o Evolutionary search to computer programs
encoded as tree-structures

o Nodes can be functions or terminals,




Synthesis of evaluatic

L.R.P.

& Configuration parameters of the evolutionar
Population size : 5000
Max. number of generations : 70
Selection : Tournament
Crossover Probability : 100
Fitness scaling : Linear
Creation type : Ramped half and half
Replacement : Steady state
Max depth for creation : 6
Max depth for crossover : 17

& Set of functions and terminals
Functions




Synthesis of evalu

L.ERP
& Results :
0 36000 times faster than the ‘real” e

0 good solutions are found after only 4




Synthesis of evaluc

L.E.P.
= Results :
0 some features observed in solutions:
- the number of modules is minimum

- the length of modules close to the distal end
- the best control strategy is the one which red

0 robustness of the "pseudo-fitness” functio
Evolution with and without insertion of a pre-ev
into the initial population

8000

7000

30 40 50 60
Generation




3. Design and Control of




Design and Control of SMA

Antagonist SMA actuato

Active endoscope




@ Design of SMA antagonist actuators

L.R.P. Antagonist SMA actuators

Performances of micro-actuators :

Relative Comparisons - Ten Actuator Methods

Method Eiiciency  Speed  Fower Density
1 Electromagnetic high fast high
2 Electrostatic very high  fast oW
3 Thermomechanical — very high  medium  medium
4 Phase Change very high  medium high

5 Piezoelectric very high  fast high
6 Shape Memory low  medium  very high

7 Magnetostrictive medum  fast very high

8 Electrorheological ~ medium — medium  medium

9 Electrohydrodynamic  medium  medium oW
10 Diamagnetism high fast high




Design of SMA antc

Antagonist SM

Phase transition in SMA :

State diagram
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Design of SMA an

Antagonist S

. Mechanical cycles
Antagonist SMA actuators: c*r 4 ]
Austenite / —
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Active endoscof
Control of antagonist SMA ¢
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Active endoscope
Control of antagonist SMA actu

. Phase identification through electrical
resistance estimation

| Threshold for I
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4. Sumultaneous mechanical a




Considered problem

L.R.P.

& Design of dextrous instruments for heart surge

System requirements
1) Replication of open-air surgical gesture

2) Adapted to minimally invasive surgery

/ Force Sensor .

Position Sensor




System design

L.R.P.

& Endoscope structure :

Parameters : Number of module,Length of modules, Rotoid joint direction

& Control strategies :
Inverse Kinematics with redundancy optimisation:

dq =3 dX + (I-7*9) VF



Application to Coronary Artery Bypass
LRP. Grafting

& Task description :

= Evaluation : * Distance to obstacles
*elc...

-Single Objective

*Score is a linear combination of each objective score

‘Result = One Instrument, optimal for the set of oefficients
Multi-objective:

* 3 objectives: precision in the gesture, manipulability, length

(the multi-objective optimization is based on the Non-Dominated Sorting Genetic Algorithm)
* Results are Pareto front (surface) of the optimal solutions
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Implementc

Input: Topology + Modules Task specification

bﬁﬁ =

<Typel,Lengthl >
<Type2,Length2 >
<Type3,Length3 >

<Cvfr_1_nov>

Maximum Speed

= Maximum Torqgue |

Joint range

Outputs

*ﬁj—*ﬁ =

Path following capabilities

:> Manipulability
Maximum Joint Torque

Minimum Distance to organs

Control algorithm

ra gl
9




Result

Trajectory= 2050;
Distance= 0.9,
Manip= 30722 ;

Torque= 11.7

Instrument 2

EI 7 = Instrument 1
120 = Instrument 2

= Instrument 3
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@ Results of Single Objective Optimisation

L.R.P.

Score = a.Trajectory + b.Manipulability + c.Number of modules

Higher coeff. : manipulability Higher coeff. : number of modules

Base + 25 modules Base + 4 modules
Module length =minimum Module length =minimum



Results of Multiple C

Scorel: Trajectory; Score2: Manipulabili
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Compliant micromechanis

* How to design micromechanical
structures which approximate

mechanisms ??

(illustration : micro-gripper)

* Lumped (a) or distributed (b) compliance !

SMERIST T T oane

(b)

Zone fixée
au substrat

TiNi

Résine SUS

Si non poli




Compliant micromecha

* Main advantages:

- The reduction in the total number of par
offered by compliant mechanisms is a sig
in the fabrication of micro mechanisms.

Compliant micro mechanisms may be fab
technology and materials similar to those
fabrication of integrated circuits.




Structural design methods

L.R.P.

Homogenisation method Flexible beam network

S
e

The optimization method

solves the problem of distributing
a limited amount of material

in a design space.

(a) ground structure (b) full ground structure

Result from Ipoutre



Compliant micromech
Beam model

Beam model :




Compliant micromechanis
Network model

Assembling : A = Z A

Au=p

Multi-load : K load couples (up¥)
Design variable : thickness




Compliant micromechanisms
(from Ipoutre)

Fixe point




Compliant micromechanis

Building block assembly methc

» Building blocks :

- Assembly optimization method :

Problem specific




Compliant micromech
Building block assembly

- Design problem and parameters: "
22 1 3 4 25

’\ 8 8 8 8
al al al
mor T T

- Stochastic optimisation :

Best individual

?

U#LHH'HH —»—  Parents ——= Stop 7

— — —

a— m—

-

v ——

BigsiGieie

A\







Rythmic control sy




Réseau hybride a oscillateurs n
neurone

Ewvolution
|parameters
and topalagy b

A

&
Evolution

[parameters
and topology]

o

Wing-beat
neural
controller

Tail neural
controller

air speed

diehdral

internal twist
external twist

external sweep

tail pitch

attitude

Aerodynamic
simulator




Axe 4-aire

Reticular and reco

Axe 2-aire

[

Connecteur

e

Axe de rotation
d'une mobilité

Axe 3-aire




Tensegrity rob
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