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= Purpose of research
= Solution strategy

= Introduction to Genetic Algorithms (GA’s)
= Concept of GAs
= Basic Algorithm
= Representation

= Simplorer and Matlab implementation
= Conclusions and future work
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Purpose of research =~ i

= To investigate a new method (Diploid GA)
of motor control

= To use Simplorer to evaluate design
performance

= To consider a broad optimization function
for parameter evaluation
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* Speed Control of DC Motors
= Controller tuning (finding Kp & Ki)

= Aerospace Applications
= Flywheel energy storage
= Flight control trim surfaces
= Hydraulics
= Fans
= Thrust vector control
* Fuel pumps

Cleveland State

qa University Aerospace Power & Electronics Simulation Workshop 2004 4




P —
ISSL’

Presentation Overview i peinaa

= Purpose of research
= Solution strategy

= Introduction to Genetic Algorithms (GA’s)
= Concept of GAs
= Basic Algorithm
= Representation

= Simplorer and Matlab implementation
= Conclusions and future work

Cleveland State

_ﬁa‘ﬁUn Iversity Aerospace Power & Electronics Simulation Workshop 2004 5




Speed

f y »

Cleveland State . : :
QEI University Aerospace PowS W(E(Dcs Simulation Workshop @U R R



Optimization function I s alaaly

1.2k

Minimize Overshoots i

0.53k

0.52K

0.8k o5tk
.

LSk
.45k —
Em B82m E8mEEmTOmT2m T4m7TEmTEmB80m &3m t [s]

0.4k
0.2k
ole”
0.2k
20m 40m 60m 80m 0.1 0121 [5]
I
ﬁ .54k CMTR TGS WAL
E O EMIF_1M [rpen]
= BE= L
= 0. 51k =0 = HEETT. WAL
u -
a D EZk
[
D51k
0. Bk 7
D4k

B2 S & 2m T4 TS T Em 80inn E3m t [s]
I
0. F8k Ak = CHTRTORSU
o EMP_1H [rpen]
10 = HEET1. WAL

053k
D 51k
] | } | 1 1 _
0 2000 4000 00D 000 10000 i
time 0.4k
£ S8 S0 B3 25 SBm 0. 1 0.1 t [=]

Cleveland State

?Un Iversity Aerospace Power & Electronics Simulation Workshop 2004 7



. . . . e S.zz:f_,:::
Optimization function II =~ ez o

o

F, =¢@i2),0,(1))

F, =w, max, i,(1) +(k, O,

T kZ Om

tc + k3 Om

+k, O

)

sl s2

min F, ormax 1/ F,

() is the maximum overshoot
m

ia is the rotor current

kl- are the weighting factors
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= Introduction to Genetic Algorithms (GA’s
= Concept of GAs
= Basic Algorithm
» Representation
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= Genetic algorithms (GA’s) are a technique to
solve problems which need optimization

= GA’s are a subclass of Evolutionary
Computing

Charles Darwin
The Origin of Species

With a special Introduction by JULIAN HUXLEY

= GA’s are based on Darwin’s
theory of evolution
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Most often one is looking for the best solution in a specific subset
of solutions

= This subset is called the search space (or state space)
= Every point in the search space is a possible solution

Therefore every point has a fitness value, depending on the
problem definition

« GA’s are used to search the T
search space for the best ALOWN T S N 00 N O O B |
solution, e.g. a minimum “\\ A ™
. . Y S N VG S S
= Difficulties are the local VA
minima and the starting SN S S A S
. A T N T H SR A
point of the search IR
AR LI LR I I R
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= Starting with a subset of n randomly chosen solutions
from the search space (i.e. chromosomes). This is the
population

= This population is used to produce a next generation of
individuals by reproduction

= Individuals with higher fitness have more chance to
reproduce (i.e. natural selection)
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The Basic Algorithm = mesem

L=

0O START . Create random popul ati on of n
chr onosones

1 FITNESS : Evaluate fitness f(x) of each
chronosone i n the popul ation

2 NEW POPULATI ON

0O SELECTI ON . Based on f(x)

1 RECOWVBI NATI ON : Cross-over chronmosones

2 MJTATI ON . Mut ate chronbpsones

3 ACCEPTATI ON . Reject or accept new one

3 REPLACE : Replace old wth new popul ation: the
new gener ati on

4 TEST . Test problemcriterium
5 LOCP . Continue step 1 — 4 until criteriumis
sati sfi ed

Cleveland State
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» Genetic information is stored in
the chromosomes

= Each chromosome is build of
DNA

= The chromosome is divided in
parts: genes

= Genes code for properties

= The posibilities of the genes for
one property is called: allele

= Every gene has an unique
position on the chromosome:
locus

C :__1___:._;?&-1?] and State

qE’ University Aerospace Power & Electronics Simulation Workshop 2004 14




E=E==

ISSL
Types of GAs

P

By

[i
L=

Haploid GAs
=Easy to use
"Less Computation

Diploid GAs

*Good for Dynamic
Environments

*More Diversity

=
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= The entire combination of genes
is called genotype

= A genotype develops to a
phenotype

=  Alleles can be either dominant
Or recessive

= Dominant alleles will always
express from the genotype to
the phenotype

= Recessive alleles can survive in
the population for many
generations, without being
expressed
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implementation: Matlab Processing ¢~
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Simplorer and Matlab 1ISSL/
. . . . Industrial Space Systems Lab
implementation: Simplorer Processing T
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) Conclusions and Future ssL’
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CREATE work

= Considering the optimization criteria we
have achieved satisfactory results. Longer
GA runs are expected to perform even
better

= This can be expanded to encompass more
parameters from the system

= Real time implementation (on-line tuning)

= Comparison with other tuning methods /
haploid GA’s
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