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Al-Based Models for Predicting Electricity Demand

’ ‘ Prondstico de Demanda
Challenge 4 Dia siguiente y semanal
. _/’IA/ Ver 20205
= Forecast energy demand across the entire country ey T
= Increase grid stability and maximize power generated Rutadearchivo | C:Preditor Damanda S Sek
DIA SIGUIENTE SEMANAL GRAFICA RESULTADO DATA ENTRADA HAE AYUDA
= o T — Prondstico para el 02 Dec 2020, Normal, R, @ &) ©) (4
Solution o )| i 8
= Use MATLAB to develop Al algorithms e | 4
Método de prediccién | Red Neuronal ¥ ,/
000 7
Resu |tS Demand prediction App

= Prediction error halved
= Models updated rapidly for pandemic-related changes
= Production tool developed and deployed in 6 months

‘MATLAB made the project straightforward for us

with toolboxes that are easy to learn and use.”
- Lead engineer, Administrador del Mercado Mayorista

Link to user story 7


https://www.mathworks.com/company/user_stories/administrador-del-mercado-mayorista-develops-ai-based-models-for-predicting-electricity-demand.html
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Key Industries

Aerospace and Defense Automotive

|

Metals, Materials, Mining Neuroscience Railway Systems Semiconductors Software and Internet
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Artificial Intelligence Megatrend

ARTIFICIAL INTELLIGENCE

Any technique that enables machines to mimic

human intelligence
MACHINE LEARNING
Statistical methods that enable machines to
“‘learn” tasks from data without explicitly
programming

4\ MathWorks

DEEP LEARNING

Neural networks with many layers that learn
representations and tasks “directly” from data
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Today, we see Al applications in all fields of engineering
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Al is more than just a model...

Success with Al requires more than data and training an Al model. You need high-quality data, staff
with skills for Al work, and an end-to-end Al workflow. Start with the workflow.

L ) ) L ) 4
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DEF:]
Preparation

Data cleansing
and preparation

Human insight

Simulation-
generated data

Access historical
load and weather
data

Al is more than just a model...

(2) AlModeling

@ Model design
and tuning

= Hardware
mofmo -
i accelerated training

* Interoperability

Machine
Learning and
Deep Learning

Simulation

and Test @ Deployment

. Embedded
» devices

Integration with
complex systems

Edge, cloud,
desktop

— X System verification
—+v/ and validation

System Enterprise
simulation systems
e
|:_|J

Testing with new Deployment to
data before enterprise with an

deployment app
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Data preparation is crucial for the success of Al

Data
Preparation

(2) Al Modeling

Simulation
and test

@ Deployment

R

AUTOMOTIVE

2

Ground Truth
Labeler

Audio Labeler

e’

Image Labeler

o ol il infl il i

Signal Labeler

&

Lidar Labeler

Use labeling apps for deep learning workflows like
semantic segmentation

4\ MathWorks

SIGMAL PROCESSING AND COMMUMICATIONS

IMAGE PROCESSING AND COMPUTER VISION

Video Labeler

17
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Importing data and leveraging interoperability

Sl Thursday 7/9/2023

10:50 Options for processing and visualizing 3D data in MATLAB

a.m
Introducing the possibilities of working with 3D data and their environment visualization in MATLAB - vector and scalar volume data,

pointcloud and others.

Anna Tochackova, Humusoft Friday 8/9/2023

(_') PyTor‘Ch 10:45 Demo showcase

Data 1F TensorFlow

Preparation ( I «  Semantic segmentation of lungs

. Pretrained ONNX™ 3-D U-Net neural network

. Extract surface of the lungs to create a model for 3D printer

(2) Al Modeling

Simulation

and test O PyTorch

@ Deployment

18
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Complex, Al-driven systems require integration and simulation

SIMULATION MODELING FORMAT
[ J Open ~ i Stop Time - o - 1
op g N » = s W \& % ==
s - = o - ; S =
New Library o5 FGE Signal o Step Pause Step Stop Data Logic Bird's-Eye
- = Print - Browser : awe Table Fast Restart Back - Forward Inspector Analyzer Scope
FILE | LIBRARY | PREPARE | SIMULATE | REVIEW RESULTS -

HighwayLaneFollowingTestBench

° |

HighwayLaneFollowingTestBench P

Matrics Assassment

Referenced Files
lojradsu] Apedodd

&«
E3 [ Highway Lane Following Test Bench | [EETr T,
| 542 f 24 6
mis) | .
DEF:]
Preparation - | ) -
Q""‘ﬂ?ﬂ"_‘?‘ﬂf 3"‘”“"’1 ViSiOﬂ Detector tane detectcns | ='==""9—="9':m=]
= - misd VEhiCIE i
= 3D | =" Lane Following —|< 1 w  Dvnamlcs i}
) ] | | Scenario = e = Controller AR —— y e T
Simulation | —
and Test :

Sensor Fusion = Metrics

Metrics Assesamant

Lane Following Decislon Logle and Controller

Forward Vehicle Seraor Fusion

@ Deployment

Simulstion 30 Scenans

Copyright 2018-2020 The MathWorks, Inc.

Model Data Editor
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Complex, Al-driven systems require integration and simulation

Friday 8/9/2023

10:45 Demo showcase

¢ AI and Model-Based Design
k. A classification model based on AI (deep learning) as part of a wider algorithm created in the Simulink environment. The
,‘! algorithm is implemented on the Raspberry PI platform using automatic code generation in the C language.

-'_ 4 \4 R — -8
YT

Jaros

lav Jir—kovsky, Humusoft

Data
Preparation Image classification
* Algorithm based on deep learning

(2) Al Modeling

Control system
* Model in Simulink and Stateflow

Simulation
and Test
Deployment
@ Deployment « Standalone application

» Leverage C-code generation

Hardware
* Raspberry Pi 4, webcam
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What are the gaps between the skills of new
engineers and what the industry requires?

&\ MathWorks
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Technical Skills — Existing gaps

Skills Gap Survey in Recent Engineering Graduates (ASEE, 2020):

Artificial Simulation Model-Based Systems Systems Integration and

Intelligence Engineering Systems Thinking

T A Ry TRy

@ @

B Very prepared ™ Somewhat prepared ™ Very little preparation Not prepared at all ™ Gained skill after graduation



https://www.asee.org/documents/cmc/2020-SURVEY-FOR-SKILLS-GAPS-IN-RECENT-ENGINEERING-GRADUATES.pdf
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1 - 2classes
» Overview on theory
» Domain-specific applications

* Readings
» Self-paced courses

* [Problem] Continue problem from
class on MATLAB Online

* [Guided project] Work on examples of
Al problems in the course domain




Prof. Oge Marques
Florida Atlantic University

Image denoising using deep learning
(C) Dge Marques, PhD - 2828

Goal: Build and evaluate image denoising solutions using deep leaming architectures.

Learning objecti

Leam 1o Semantic image segmentation using deep learning

= Leam ho! (C) Oge Marques, PhD - 2820
= Getacqu
Goal: Build and evaluate semantic image segmentation solutions using deep leaming architectures.

Table of Conten{ Learning objectives:

= Leam hew to implement an image segmentation workflow in MATLAB

Part 1. Noise typ = Leamn how to implement and evaluate contemporary (deep-learning-based) semantic image segmentation technigues in MATLAB
Effects of diffe = Get acquainted with representative datasets and problems in image segmentation
Assess differe
Your turn (
Part 2: Denoising

Table of Contents

Your turn (s
Your turn ( . ) )
ouUrurm (s part 4- semantic image segmentation creating and training your own network
Part 3: Training y Example code
Your turn (s Step 1.1: Collect labeled training data (triangles)
Part 4: (OPTION Step 1.2: Create a semantic segmentation network and understand what each (group of) layer(s) is doing

Your turn (s Step 1.3 Train network Dee p Lea rn i ng

Step 1.4 Evaluate results visually (displaying a test image and overlaying predicted labels)
Step 1.5 Evaluate results quantitatively using different metrics (class accuracy, loU) 0 nram p
Your turn (step 5 of the guidelines)
Part 1: Nois| (OPTIONAL) Your turn (step 6 of the guidelines)
(OPTIONAL) Your turn (step 7 of the guidelines)
Effects of diff| = P22 Semantic image segmentation using a pretrained network
Example code

Step 2.1: Get the labeled data (CamVid dataset)

Step 2.2 Explore, understand, and prepare the data

Step 2.3 Create network

Step 2.4 Train network

Step 2.5 Evaluate results visually (displaying a test image and overlaying predicted labels)

Step 2.6 Evaluate results quantitatively using different mefrics (class accuracy, loU)

Step 2.7 (OPTIONAL) Repeat steps 7 through 14 using different pretrained netwarks, training options, data augmentation options, and/or metrics.
Supporting Functions

imnoise() allow]



https://github.com/MathWorks-Teaching-Resources/deep-learning-for-image-processing

HOME PLOTS APPS LIVE EDITOR INSERT VIEW % - o Gaby ~
ED:’ ﬁ |f|>[| < {Aad Heading 2 ~ ¢ Refactor Section Break D
1] =] =
i - R d Ad
New Open Save | GoTo q Sind : Code Control Task Run Section @ a1l e Run Step
e i v e N Bookmark ~ s w l@ Run to End -
FILE NAVIGATE TEXT CODE SECTION RUN a

E3] ﬁ E‘ & / > MATLAB Drive » Mach Learning for regression »

‘ WORKSPACE ‘ CURRENT FOLDER | 4,

loadForecastRegression.mlx

Can you predict future electricity demand?
1.a. Download the NYISO electricity load data
1.b. Bring the data into the MATLAB workspace
1.c. Visualize the data
2. Extract and retime the load data for NYC region
3.a. Extract features to apply regression models for load forecasting
3.b. Extract more temporal features
4.a. Split into training and testing data
4.b. Train a few machine learning models
(Optional) Feature Selection
4.c. Save the trained model
4.d. Apply and evaluate the model
Predict future load
Evaluate the predictions
Practice Problem
Further Exploration

Suggested Prework

= MATLAB Onramp — a free two-hour introductory tutorial to learn the essentials of MATLAB.
» Machine Learning for Regression: Part 1

af] ([ar] &

C.an unii nradict future alactricitv damand?

COMMAND WINDOW ‘ -

UTF-8 LF script
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WildMove Decoding Neuromechanics using Big Data

Prof. Amir Patel
University of Cape Town
African Robotics Unit ﬁ'ﬂ:’msmcs N
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WildMove Decoding Neuromechanics using Big Data

feedback control

Control Systems

‘ Simscape _ / Ny
= Toolbox Y, :
Prof. Amir Patel ‘
s University of Cape Town ARU

Y.oapsy,
4" P ﬂd'lﬂr
';F"."!a.\!l.'ll\lk"-‘

computer vision . o
trajectory optimization
African Robotics Unit AFRICAN ROBOTICS LNIT

A AR VLS A
o y s \ L
cY < EEE ) S
OpenCV ) PYDMD
Computer \ ‘Optimization
Toolbox

Vision Toolbox

Physical Robots

Machine Learning

AR
O speedgoat

PyTorch A
‘Deep Learning A Simulink
Toolbox Real-Time
31




Energy Management for a 2-Motor BEV using Model-Predictive
Control

Develop a Model-Predictive Control algerithm to optimally distribute torque in a 2-motor Battery
Electric Vehicle (BEV) powertrain.

Impact: Reduce energy consumption while maintaining best motor performance.

Expertise gained: Sustainability and Renewable Energy, Automotive, Control, Electrification,
Modeling and Simulation

Carbon Neutrality

Build a CO2 emission model from historical data and create a plan to achieve carbon neutrality in
the future.

Impact: Set up a strategy for carbon neutrality and consclidate the international collaboration.

Expertise gained: Computational Finance, Sustainability and Renewable Energy, Modeling and
Simulation, Machine Learning

_‘ MathWorks:

Climate Science and Student Competitions

Sustainability and Renewable Energy Challenge

We are excited to announce the MathWorks Sustainability and Renewable Energy
Challenge! We invite you to submit innovative solutions to environmental
challenges related to sustainability and renewable energy. Select a project from our
list and submit a solution to be eligible to win up to $1,000 (USD). Showcase your
creativity and contribute to a more sustainable future!

B2 Contact us with questions ™ January 5, 2024: Submission deadline

Coastline Prediction using Existing Climate Change Models

Develop an example that predicts and visualizes coastline impact due to rising sea levels.

Impact: Assess and plan for the potential impact of climate change.

Expertise gained: Sustainability and Renewable Energy, Modeling and Simulation

Landslide Susceptibility Mapping using Machine Learning

Develop a tool to identify and visualize geographical areas susceptible to landslides.

Impact: Identify areas that are at risk for landslides to help mitigate devastating impacts on people
and infrastructure.

Expertise gained: Sustainability and Renewable Energy, Machine Learning

32
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Improving Neck Injury Assessment with Machine Learning

Full access to MathWorks platform

N4

Prof. Magnus Kjartan Gislason N et kca re

l/‘ql/,r we
Associate professor in Biomechanics, Reykjavik University K WEINMEASURETOIMERUVE
Director of Data & Analytics, NeckCare

Campus Wide Startup
License Program

ASSESSMENT SESSION

> Patient follows pattern on the screen

CONNECT SENSOR

o

» IMU headgear measures parameters in different tests

the sensor is powered on and ready to connect

» Al with MATLAB classifies whiplash and concussions

[T TR
. |
Festars saning Agarrm
/ g (o T B (e i
Pestvr iporta uting AMOVA sgarit

/] /]
Medi % }“\ "
Medium p b /-
.~ i £ -8

1
LA E— :
W V8 ———— :
Link to story on MathWorks website S 33


https://www.mathworks.com/company/newsletters/articles/improving-neck-injury-assessment-with-data-science-and-machine-learning.html?s_tid=srchtitle_site_search_2_neckcare
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Your People

Helping you build an
agile workforce today
and preparing
tomorrow’s engineers

MatWorks as an Al industry partner

P\

The Platform

MATLAB, Simulink, and over
100 add-on products for
specialized applications

;\/\

Our Expertise

From onboarding and
implementation to
solving advanced

engineering challenges
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What can | do next?

New to MATLAB or Al?

BB S

Ready to take it to the next level?

Take self-paced traininqs\

% Explore tutorials and
K examples
« Machine Learning

k « Deep Learning

% \_

/g Explore Courseware & \

books

Explore more advanced

projects

%

C

Connect with us!


https://www.mathworks.com/academia/courseware.html
https://www.mathworks.com/academia/books.html
https://github.com/mathworks/MathWorks-Excellence-in-Innovation
https://github.com/mathworks/MathWorks-Excellence-in-Innovation
https://matlabacademy.mathworks.com/#ai
https://www.mathworks.com/solutions/machine-learning/tutorials-examples.html
https://www.mathworks.com/solutions/deep-learning/tutorials-examples.html#basics
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Thank you
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© 2023 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc. See mathworks.com/trademarks
for a list of additional trademarks. Other product or brand names may be trademarks or registered trademarks of their respective holders.
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