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Overview of 
Computational 
Intelligence
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What does “Computational Intelligence” mean?

F RO M  W I K I PE D I A W H AT  D O E S  I T  M E A N  -  P R AC T I C A L LY ?
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Why Use “Computational Intelligence”?

A  C O U NT E R  A R G U ME N T A  C A S E  F O R  C I
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What about 
Machine 
Learning?
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Computational 
Intelligence 
Approaches
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Optimization: Genetic Algorithms

I N I T I A L I Z E  A  

P O P U LAT I ON
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Initialisation

http://seb.ly/2011/02/html5-canvas-3d-particles-uniform-distribution/

E VA L UAT E , R A N K  A N D  

S E L E CT I O N

C RO S SOV E R  A N D  

M U TAT I O N

S U RV I VA L  O F  T H E  

F I T T E ST
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Evaluation aka Fitness

October 14, 2015 Slide  12

Selection



Evolutionary (Genetic) Algorithms

G UA R A N TE E D TO  G E T  O P T I M UM O U T C OM E , R I G H T ? S TAG N AT I ON I S  A  P O S S I B I L I TY …
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.. and  so  …

 

 

G E N E T I C  A L G O R I T H MS  C A N  B E  V E RY  U S E FUL  I N  

T R AV E RS I NG A  L A R G E  D E S I GN S PAC E  – H OW E V E R  

N OT  A LWAYS  T H E  B E S T  TO  F I N D  A N  O P T I M A L  

S O L U T I ON TO  A  P RO B L E M

O F T E N  “ C L A S S I C A L”  T E C H NI Q UE S  S U C H  A S  

S T E E PE ST  D E SCE NT  O R  S I M U L AT E D A N N E A L I NG  

C A N  B E  FA S T E R  A N D  B E T T E R  AT  F I N D I N G 

S O L U T I ONS  TO  P RO B L E MS  A F T E R A  G E N E T I C  

A L G O R I T H M  H A S  F O C U SE D T H E  D E S I GN  S PACE



Genetic Algorithm outline
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Can be implemented in C, C++, C#, Python or other language of your choosing



Artificial Neural Networks (ANN)

F U N DA ME NTA L LY  U S E D  F O R  C L A S S I F I C AT I O N A N  AT T E M P T  TO  M I M I C  B I O L O G I C A L  B E H AV I O UR
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Search training data 

with labels
Outputinput

One from a set of classes

No iterative procedure. 

Parameters of system are the training data.

Learning is just adding training data.

Artificial neural nets (ANN) attempt to mimic brains

…a collection of biological neurons.



Artificial Neural Networks
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Connection structure

defines the Topology 

Find the connection weights?

Find topology?

Artificial Neural Networks generally use a binary 

model for maximum computational efficiency



Implementing ANNs in Practice
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What about Machine Learning?
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Machine Learning

OutputInput

Parameters

e.g.

 Neural net,

 Nearest Neighbour,

 Many more . . .

Training data  (supervised)/

No Training (unsupervised)

Goal  (reinforcement)



Types of Machine 
Learning (ML)
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Platforms and 
Deployment

Peter Wilson - Using Techniques to the of



Standalone Implementation - Languages
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Getting Started? – head for Python
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Sharing? Jupyter Notebooks are an option

Jupyter Notebooks are a very useful technology to combine python code, a GUI, and documentation for 

sharing with customers and/or collaborators.

Execute in a browser that can be accessed locally or on a cloud service

Peter Wilson - Using Techniques to the of

Drawback:  how does one avoid 
the setup/configuration issues 
and reliably deploy the notebook?  

Pip install required Anaconda 
libraries

Jupyter Notebook Python 3.x 
(load onto PC – or setup server)

Local admin access

Access to latest source code

OS?SQL
Server 

PC Setup



Building a data science environment?
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GIT
Image project

Code project

OpenShift
Kubernetes

URL
to PoCCode

PC Setup

Pip install required Anaconda libraries

Jupyter Notebook Python 3.x 
(load onto PC – or setup server)

Local admin access

Access to latest source code

OSSQL
Server 

Reproducible Data Science environment that users interact with via Chrome.  

Hardware Freedom & 
Reproducible Environment!

Jupyter Notebook
Python 3.x

(image)

Libraries
• Numpy
• Pandas
• Matplotlib
• IPyWidgets
• Virtualenv
• SciPy
• Lmfit
• Seaborne
• Plotly

SQL lite

Container v2.0

RHEL OS



Extending to a Cloud Based Data Driven 
Modeling and Analysis Environment
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Gather and prepare data Integrate models in app dev
Model monitoring
and management

Develop model

Retrain models



Some examples 
of Computational 
Intelligence in 
Power Electronics
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For a recent review of applications of AI in power electronics see this paper:

S. Zhao, F. Blaabjerg and H. Wang, "An overview of artificial intelligence applications for power electronics", IEEE 

Transactions on Power Electronics, vol. 36, no. 4, pp. 4633-4658, 2020, doi: 10.1109/TPEL.2020.3024914



Characterization of Model Parameters
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P. Wilson and C. Vagg, "Optimization Tool for the Characterization of Electric Vehicle Battery Packs," DMC 2022, 

doi: 10.1109/DMC55175.2022.9906467.



Power Electronics System Design
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Wilson and Reznik, “Using OpenSource Technology and Tools in Power 

Electronics To Drive Innovation, Boost Productivity and Create Value”, APEC 

2023, Industry Session 28.1



Diagnostics and Reliability Prediction
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Figures From: Y. Cui, J. Hu, R. Tallam, R. Miklosovic and N. Zargari, "Reliability Monitoring and Predictive Maintenance of Power 

Electronics with Physics and Data Driven Approach Based on Machine Learning," 2023 IEEE Applied Power Electronics Conference 

and Exposition (APEC), Orlando, FL, USA, 2023, pp. 2563-2568, doi: 10.1109/APEC43580.2023.10131151.



Summary
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Summary
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Thank You & 
Questions
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