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MATLAB Live Editor
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4 MATLAB R2017,

Power Systems

| Where ais the planer's semmajor axis. Note that we have assamed s =
G| circular orbit so the semi-major axis is the same as the ortital distance.
The value 7, is the amount of energy reaching the pianet per unit
area. The light Gathering area of the planet can be approximated by
cross-sectional area. Then the total energy reaching the planet can be
calculated as

Renewable Energy

E =R
where R, is the planef's radus. We know Mat (he pianet must be in
thermal equilbrium - not getier hotter of coider oves time. The planet
radiate energy into space a the same rate £ receives X from fis star.
The temperature at thermal equiibrium Is called the equiibrur
femperature. We Can Use e same equation we used above 1o
caiculate the star's kuminosity but Ins Bme using the planats total

F

Al in Electrification

energy input

MATLAB in an Executable
Notebook

E = 4nRoT,
jemperature. Reamangng foc T,

where T, 15 the planefs equilbrium K
owves i
SOTER
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Use live scripts to create

that combine explanatory
text, mathematical equations, code,
and results

live scripts directly with
colleagues or students

Work in a to
eliminate context switching
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Assessment: [ Run Pretest | @ °

» @ Is the function comectly defined in Step 17 (Pretest)

> @ Is the function correctly defined in Step 27 (Pratest)

> @ ls the function correctly defined in Step 3? (Pratest)
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MATLAB Engineering Project ldeas

Gain practical experience through capstone or
final-year projects or master’s thesis

Portable Charging System for Electric Vehicles

Design a portable charger for electric vehicles.

Impact
Help make electric vehicles more reliable for general use.

Expertise Gained
Sustainability and Renewable Energy, Control, Electrification, Modeling and Simulation

Impact

Expertise Gained

Predictive Maintenance, Wind Turbines

Wind Turbine Predictive Maintenance Using Machine Learning

Improve the reliability of wind turbines by using machine learning to inform a predictive maintenance model

Contribute to providing the world with reliable green energy.

Industry 4.0, Sustainability and Renewable Energy, Machine Learning, Electrification, Modeling and Simulation,

Green Hydrogen Production
Develop @ model of a reversible fuel cell integrated into a renewable-energy microgrid structure
Impact

Contribute to the global transition to zero-emission energy sources through the production of hydrogen from
clean sources.

Expertise Gained
‘Sustainability and Renewable Energy, Electrification, Digital Twins, Modeling and Simulation
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Bosch and National Institute of Technology Calicut

Collaborate on EV Course to Prepare Students for
Power Electronics Industry

Self-Paced Courses

Power Systems

Renewable Energy “The collaboration between NIT Calicut,
_ s MathWorks, and Bosch narrowed the gap
Al in Electrification between academia and industry, producing

an electric vehicle system engineering
course that has been both well received by
our students and highly useful for them as / '_ / .
well.”

— Dr. Kumaravel Sundaramoorthy, NIT Calicut
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Arizona State University:

Al and 10T for First-Year Students

Artificial Intelligence
Internet of Things

“When | started teaching Introduction to
Engineering, there were just a handful of female
students. Today, about a quarter of the class is
female. Activities like the deep learning and 10T
module, which seems appealing to female
students, are likely to encourage them to continue
in the engineering program.”

- Chao Wang, PhD, Arizona State University

Exercise 1

Connecting to the camera

mera = webcam(1);

Loading the neural net named: Alexnet

nnet = alexnet;

Capturing & classifying image data
Take a picture

picture = snapshot(camera);
Resize the picture
picture = imresize(picture, [227,227]);
Classify the picture and obtain confidence score
[1abel,scores] = classify(nnet, picture);

Sorting scores in descending order

[sorte: d_scores, indices]=sort(scores, *descen d');
Show the picture with the label

imay

tit classification: ,char(label),’ score
clea

dra

', num2str

(sorte

d_scores(1))]);
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HTW Dresden:

el  Converting a Physical Lab to a Virtual Teaching Lab

Power Electronics

Power Systems

Praktikum Signale und Systeme - Versuch N4: Systemanalyse im Frequenzbereich
signal generator Siansigenerator (an chi) To s S OBERANE. oscilloscope

Auswahl

Renewable Energy

Al in Electrification

g

xu
level meter ==
Pegeimesser

App created to simulate signal generator, oscilloscope, and tunable filters

Used as a standalone virtual lab and extension of the physical laboratory
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Y Self-Paced Courses Teaching Using Self Paced Online Courses

OBJECT-ORIENTED

IMAGE PROCESSING

1]

SIMSCAPE
|

OPTIMIZATION

SIMULINK <>
)/

MATLAB
) MathWorks




Y Self-Paced Courses Power Systems Simulation Onramp

Learn how to progressively build and validate power

Power Electronics : . :
systems using Simscape Electrical

Power Systems

Diesel Generators Solar

Renewable Energy _NW

Al in Electrification N

Main Grid

—op

—+rQ / n
22N 1
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Power Electronics Simulation Onramp %}J %& i

Short course on the basics of simulating power
converters in Simscape Electrical

> Self-Paced Courses

Power Electronics

Power Systems

Renewable Energy - Simulate buck converter
_ o * Model converter fidelity for speed
ARSIl « Implement closed-loop voltage control

Model fidelity

1

PV G sl = (€] 24k D DutyCycle ¢k

+p ——
Rep O s dﬂ/ﬁ 1*/{"‘}( W=
2-8 d1- 2-p :;| 2-p
=]

di- g1

Buck Converter Buck Converter Average-Value DC-DC

Ideal Semiconductar Switch Averaged Switch Converter

' ‘ MathWorks- . Modeling scope
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> Self-Paced Courses eep Lea 9 Onra P

Learn the basics of deep learning in 2 hours
« Convolutional neural networks

Power Systems « Working with pre-trained networks

« Transfer learning

« Evaluating network performance

Power Electronics

Renewable Energy

Al in Electrification

O

Input Convolution, Pooling, and RelU

—
Softmax Output
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Machine Learnin nram
> Self-Paced Courses ac €Lea 9 Onra P

Power Electronics

O m

/4

Power Systems

Renewable Energy e Overview of

Al in Electrification classification e

workflow IR,

« Importing data using =
datastores s |

 Engineering features 8

« Automating feature / / - 5 R
extraction s

» Training and ya mﬁ """"'j
evaluating models v =/ o
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Reinforcement Learning Onramp

Simulating with a
pretrained agent
Defining environments
and agents

Creating neural
networks

Training agents

Aarrm

[ 3 i infﬁtrain (agent,env)
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Power Electronics Course Teaching Modules

Y Power Electronics Contents

The structure of the repositary is as follows:

ction to Power Electronics
Semiconductor Device Characterisitics

. Commutation Circuits

o

8.C
* 9. PID Control
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DC Circuits Virtual Analysis Lab

Self-Paced Courses

+ -
) Power Electronics o Mutineter @
Y - o
Power Systems Ri
10 Ohm
Module Learning Goals
L+
1. Mesh Analysis +  Use mesh analysis to compute currents through a linear circuit
Re n eWab | e E n e rgy Solve the matrix form of circuit equations in MATLAB. 2 OF;:‘

Model and analyze linear circuits in Simscape
o 0 4. RC Circuits Simulate charging and discharging RC circuits
i

Al I n EleCtrIfI Catlon | 410 + Plot solutions of RC circuit differential equations

Measure the time constant of an RC circuit.

Use nodal analysis to compute voltages

Solve the matrix form of circuit equations in MATLAB.

Model and analyze linear circuiits in Simscape

5. RLC Circuits Compare the response of first and second order circuits.

Analyze a second order RLC circuit differential equation.

Solve for the natural frequency and damping in an RLC circuit

3. Thevenin and Norton Equivalent Circuits +  Explain Thevenin and Norton equivalent circuits v O Compare underdamped, overdamped, and critically damped circuits.

A A
v l) a
v \|

8 [

Solve for Thevenin and Norton equivalents

g
i.
——

Compare circuits to their Thevenin and Norton equivalents

Ay

Describe the open-loop behavior of an op amp.

Compare ideal and non-ideal op amp behavior

Analyze negative feedback op amp circuits.

Design circuits using combinations of basic op amp circuits
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Electrical Circuits Virtual Lab
Self-Paced Courses

) Power EIeCtroniCS [Example 1: RLC Circuit  }

Voltage Sensor VR1(t) »
| Voltage Senser V(t)1
W

:®E wLity Voltage Displ. ‘
T S TR

Power Systems

Renewable Energy

[ —
cltage Sensor VR2{t) VR2(l)
L \

“@L o ~,i
PS-Simulink )
Converter ijt) Display for Current
b - 035 |-
-

vO(t) Display1

Al in Electrification

. PS

TAAAAS

I
:®1 Voltage Sensor vR(t)

Wiz
R L RZ " CurrentSensor I(1) *@1
200 Ohm 01H 80 Ohm o wit)

|
0mA o
Vel + + o |
(t — L
24V vy 04uF -
Coov -

Switch 51

.|||_4 -

 Node Analysis  RC, RL, RLC Circuits
 Mesh Analysis « Op-Amps
« Amplifier Circuits « Transfer Functions
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3-Phase Power Video Series

WHAT IS 3-PHASE POWER?
FUNDAMENTALS OF

Build up your e
engineering '
knowledge on the

WHAT IS 3-PHASE POWER?

design, analysis, s ' ‘

and operation of 3-
phase electrical
power systems. sErege

TRANSFORMERS  _—_Jif}

Fundamentals of 3-Phase Electricity
Learn the fundamentals of 3-phase electricity and how balance:
phase power.

Star (Wye) and Delta-Connected Loads
Learn about Star (Wye) and Delta-Connected Loads in 3-phase |
between line measurements and phase measurements for both

Star-Star and Star-Delta Transformers
Learn about Star-Star and Star-Delta transformers in 3-phase pc
between primary and secondary voltage magnitude and phase
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Virtual Electrical Machine & Power Labs

EE 3033 Electric Power Systems Three Phase Circuit Lab
Developed Summer2020
Univerisity of Tulsa Electrical and Computer Engineering
ource Three-Phase Load W—" - -
Source Sensor  Transmission Li ine Sensor J
Ph.A Al AA A .4"./
e — 2
G
= ~ 35 : 3/ ._f |
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00 Load _ _ 7 —
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- - Voltage
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ctor Angle Power actor Angle Power Load Line

*Circuits
Power systems
*Transformers

DC Motors

*Synchronous Motors
*Induction Motors
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Hybrid-Electric Vehicle Model in Simulink

P4 HEV_ SeriesParallel * - Simulink tria! use

fe Ednt View Display
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Wind Turbine Model

) :
| A Mechanics Explorers - Mechamcs Explorer-Wind_Turtine == =o' @
File Eaplorer Simulatom View Tools Window Help v ex
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Battery Management

Design and simulate

battery and energy

storage systems

« Electrothermal cell
behavior

« Battery pack
design

- DBattery
management
systems

Battery

§°2 §¢ o

b

BUES| e

k .
att_BatteryManagementSystem_tuned * - Simufink
£8UG MODELING M \PPS

ToBat

BMS

Charger
cc/cv




Al In Electrification

@ TLAB.
) MathWorks AT INK-




Teaching Tools

Signal Processing and Machine Learning

Self-Paced Courses : .
Techniques for Sensor Data Analytics

Power Electronics
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Mercedes Benz Simulates Hardware Sensors with

Deep Neural Networks

WORKFLOW - TRANSFER

using using custom library
Deep Learning and

Toolbox Fixed Point Designer
TRAINING TRANSFER

Machine trained

learning neural net

convert Fixed point

aleorichm tra?:;: t:‘]ee::;:t‘et and Simulink model of SwW
@. scale” trained neural net integration
.‘.

powertrain
controller
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