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CLASSICAL VERSUS NEW APPROACH IN OPTIMIZATION
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Evolution Based Optimization

Less function calls 
Local optimum
Typical for few design variables
Typical for convex systems

more function calls (expensive) 
global optimum
Typical for many design variables
Typical for convex and concave systems

This is 
solved 

here by ML



Linear Drive Optimization by AI | 11.06.2024 | Chafic Abu Antoun 6

DRIVE OPTIMIZATION TYPES AND EXAMPLES
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Evolution Based Optimization proved superiority

Before 2015 many motors were electro-
thermally optimized  using gradient based 

methods like SQP for example:
Brushless AC / Switch Reluctance

Since 2015 many linear and rotary motors were electro-
thermally optimized  using evolution based methods 
like Particle Swarm or Genetic Algorithm for example:

Switch Reluctance / Inductive / Brushed
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MACHINE LEARNING AND EVOLUTION METHODS 

Evolutionary algorithm is broadly based on the principle of biological evolution (survival of the fittest)
Learning through generations to reach an optimum generation of design variables

Covariance Matrix Adaptation Evolution Strategy
The covariance matrix of the distribution is updated (incrementally) such that the likelihood of previously successful search steps is increased.
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OPTIMIZATION USING GENETIC ALGORITHM

Classical Algorithm Genetic Algorithm

Generates a single point at each iteration. The sequence of points 
approaches an optimal solution.

Generates a population of points at each iteration. The best point in 
the population approaches an optimal solution.

Selects the next point in the sequence by a deterministic 
computation.

Selects the next population by computation which uses random 
number generators.

https://en.wikipedia.org/wiki/Genetic_algorithm

https://en.wikipedia.org/wiki/Genetic_algorithm
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MACHINE LEARNING  A MODEL WITH EXPERIENCE 

• Available material
• Manufacturing process
• Geometrical design
• Design settings

• Weight
• Cost
• Quality
• Handling 
• Robustness 
• Lifetime

Inputs
X

Outputs
Y

𝑌𝑌 = 𝑓𝑓 𝑋𝑋

experiences

Nowadays, our 
experiences
are saved data
on drives, 
clouds, clusters, 
…
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MACHINE LEARNING CATEGORIES

Machine 
Learning

Unsupervised Clustering 

Supervised

Classification

Regression

Reinforced

+ evolutionary optimization
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EXAMPLE OF INDUCTIVE THOMSON COIL

Lorentz Force

A Published Thomson Coil

https://www.mdpi.com/2076-0825/11/6/154
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DRIVE REQUIREMENTS UNDER CHANGING CONSTRAINTS

1. High energy
2. Low weight
3. Customer usage frequency
4. High efficiency

Charging power

Charging speed

Windings

Capacitance

Voltage

Geometry

Material

Temperature

Inputs, limitations and constraints Outputs Target

How to Optimize?

Current 
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MACHINE LEARNING (REGRESSION) 

Discrete 
experimental 

data

Discrete 
simulation 

data
Input

X
Output

Y
𝑌𝑌 = 𝑓𝑓 𝑋𝑋

Continuous function Y of any X

Train data by 
machine learning 

𝑋𝑋 =

𝐺𝐺𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣  1
𝐺𝐺𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣  2

⋮
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸  𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 6

⋮

𝑌𝑌 =

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 1
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 2

⋮
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 5

⋮
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 12

⋮
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 16
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 17

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 18

Within input boundaries
 a continues function is created by training discrete data
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MACHINE LEARNING – REGRESSION – INDUCTION DRIVE 

Machine learning by
Gaussian Process Regression

Any 
Input

X

Output
Y

𝑌𝑌 = 𝑓𝑓 𝑋𝑋

Continuous function

Accurate Emag FEM 
simulations

Train discrete data to get 
continuous function

En
er

gy
 

Drive mass 

698 FEM
Simulation 

discrete data

m
ax

im
iz

e

minimize
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OBJECTIVES (IMPORTANT FEATURES)

1 2 3 4 5 6 7 8 9 10

Feature Index

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Fe
at

ur
e 

W
ei

gh
t

objective1

objective2

objective1*objective2

Feature importance depends on a 
defined objective
It is so fast and easy to see the effect 
of each feature on different objectives

ef
fic

ie
nc

y

weight

constant lifetime 
(as constraints)

One suggestion of how objectives
can be limited by constraints using

genetic algorithm

Optimum 
objective lines
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GENETIC ALGORITHM FINDS AN OPTIMUM IN 5 MINUTES

Charging power

Charging speed

Windings

Capacitance

Voltage

Geometry

Material

Temperature

Inputs, limitations and constraints

Optimum A 
Optimum B 

Optimum C 

Current 
Drive mass [kg]

En
er

gy
 d

en
si

ty
 [J

/k
g]

Optimum D 

Optimum E 
Within an 
accuracy of 
0.2% of 
expensive 
FEA 
simulations

Find a design with minimum 
mass that delivers fixed XXJ

Fast generations of optimum
pareto front even if we change
the constraints or objectives
then we only need few minutes
to optimize again because the
data is already there
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THANK YOU

Contact
Dr. Chafic Abu Antoun

Hilti Aktiengesellschaft
Feldkircherstrasse 100
9494 Schaan, Liechtenstein

Tel: +423- 234 3408
chafic.abuantoun@hilti.com
www.hilti.group  

mailto:chafic.abuantoun@hilti.com
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BACKUP SLIDES
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CMA-ES (COVARIANCE MATRIX ADAPTATION)
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