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Deep learning is a key technology driving the Al 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 DEEP LEARNING

Neural networks with many layers that learn
representations and tasks “directly” from data
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Deep learning is part of our everyday lives

Face Detection Automated Driving
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DL uses neural networks and works similar to the human
brain

DL neural networks consist of
Neurons arranged in layers
Layer combinations
Learnable parameters (weights and oo —
biases) . O '_’
Hyperparameters (e.g. learning rate,
number of epochs, mini batch size,
etc.)
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Applications of Deep Learning are very versatile

Most commonly, DL is used for:

¢ Classification: Output is categorical
(or discrete)
¢ Regression: Output is numerical (or

continuous)

Some advanced networks are used to
generate an output
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Deep Learning

Is a fast evolving field

Gated Recurrent
Unit (GRU)

Recurrent Neural Long / Short Term

Deep Feed
Network (RNN) Memory (LSTM)

Feed Radial Basis
Perceptron (P) Forward (FF)

Network (RBF) Forward (DFF)
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Auto Variational Sparse Denoising Markov Hopfield Boltzman Restricted
Encorder (AE) AE (VAE) AE (SAE) AE (DAE) Chain (MC) Network (HN) Machine (BM) BM (RBM)
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Deep Convolutional

Deep Convolutional Deep
Network (DN) Inverse Graphics Network (DCIGN)

Deep Believe
Network (DBN) Network (DCN)
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Extreme Learning Echo Network Kohonen
Machine (ENM) Network (KN)

Liquid State
Machine (ELM)

Generative Adversial
Network (GAN) Machine (LSM)
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Support Vector Machine (SVM) Neural Turing Machine (SVM)

Deep Residual Network (DRN)
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Deep Learning Workflow

LABEL AND PREPROCESS
DATA DATA

ACCESS AND EXPLORE

Files Data Augmentation/
Transformation

P

Databases Labeling Automation
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Sensors Import Reference
Models
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DEVELOP PREDICTIVE

MODELS

Hardware-Accelerated
Training

Probability

Network Visualization
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INTEGRATE MODELS
WITH SYSTEMS

Desktop Apps

Enterprise Scale Systems

Java

MATLAB
C/C++

Python

Embedded Devices and
Hardware
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Applications and case studies
COVID-19 detection

11

Classification of x-ray images to

detect COVID-19

Used chest radiograph data
Used ResNet-50, applied transfer
learning technique

Used k-fold validation

Used Class Activation Mapping
(CAM) to visualise the decision of the
network
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https://blogs.mathworks.com/deep-learning/2020/03/18/deep-learning-for-medical-imaging-covid-19-detection/

Applications and case studies
Seismic event detection

Predict seismic events
¢ Used data from geophones
¢ Used an LSTM with a relatively small
data set

¢ Achieved accuracy of 97-99%
¢ Network generalises well on global
data
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https://library.seg.org/doi/pdf/10.1190/segam2019-3215081.1

Applications and case studies
Converting brain signals to words

Classify brain signals to imagined

ANN/CNN/LSTM-HMM/GAN Decoding

Words MEG data acquisition ‘—»l Scalogram l—— SRS GL A —> Sneck
¢ Used wavelet scalograms to extract unenpar 7) '
features from MEG signals

Magnetic
Field

/4
0

¢ Used different pre-trained models
¢ Conducted training on seven-GPU
parallel computing server
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https://uk.mathworks.com/company/user_stories/ut-austin-researchers-convert-brain-signals-to-words-and-phrases-using-wavelets-and-deep-learning.html

Applications and case studies
Designing a prosthetic that plays drums

Playing a complementary drum beat

¢ Used machine learning and deep
learning techniques
¢ The deep learning algorithms

cCoOmpose music
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https://uk.mathworks.com/company/mathworks-stories/robotic-prosthetic-for-drummer-uses-machine-learning.html

Applications and case studies
Classify beer gases

E-nose used to classify gases

released from beers
¢ Used computer vision and machine
learning

& Used consumer reactions to increase

accuracy
¢ Achieved high accuracy (97%)
¢ Can be used for quality control
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Video from RoboBEER

Foam (red) & Beer (blue) Volume (mL)

Foam & Beer analysis
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https://uk.mathworks.com/company/mathworks-stories/making-better-beer-and-wine-using-machine-learning.html

Applications and case studies
Object recognition and semantic segmentation

YOLO v2 (You Only Look Once)

Semantic Segmentation using SegNet
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Applications and case studies
Signal classification
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Signal Classification using LSTMs Speech Recognition using CNNs
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Applications and case studies

Creating/generating objects, text, signals, and art
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Generative Adversarial Networks

(GANS) can be used to generate
¢ Signals (e.g. for music)
& |mages (see “This X does not exist”)
¢ Text

Convolution Neural Networks can be used
to create
¢ Art

Synthesized
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https://uk.mathworks.com/help/deeplearning/ug/train-generative-adversarial-network-gan-for-sound-synthesis.html
https://uk.mathworks.com/help/deeplearning/ug/train-generative-adversarial-network.html
https://uk.mathworks.com/help/images/neural-style-transfer-using-deep-learning.html

Applications of reinforcement learning
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Teach a car to navigate traffic Train arobot to walk

4\ MathWorks



Agenda
¢ |ntroduction
¢ Applications and use cases

¢ MathWorks’ support

4\ MathWorks



MathWorks Engineering Support
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https://www.mathworks.com/services/training.html
https://www.mathworks.com/services/consulting.html
https://www.mathworks.com/support/contact_us.html

Further Learning and Teaching

= Deep Learning Onramp Deep Learning
Onramp

— 2 hrs online tutorial

Deep Learning Toolbox — Examples

| ] Dee D Learn i n q Exam p I eS Gi: Started with Deep Learning To.olbox |
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— Over 150 examples for different applications o
|
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Classify Webcam Images Train Deep Learning Time Series Forecasting Get Started with Deej
Using Deep Learning Network to Classify New Using Deep Learning Network Designer

Images

Classify images from a webcam in

= Teaching Deep Learning with MATLAB e
— Curriculum support

Forecast time series data using a Fine-tune a pretrained Goog
long short-term memory (LSTM) network to classify a new col
network. of images. This process is c:

Teaching

Deep Learning
with MATLAB
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https://www.mathworks.com/learn/tutorials/deep-learning-onramp.html
https://uk.mathworks.com/help/deeplearning/examples.html
https://www.mathworks.com/academia/courseware/teaching-deep-learning-with-matlab.html
https://www.mathworks.com/academia/courseware/teaching-deep-learning-with-matlab.html

We are hiring

Around 300 open opportunities world wide:

graduate program (EDG)

product development

application engineering & consulting

e training
ACCELERATE THE PACE OF
E N G I N E E R I N G A N D S C I E N c E glassdoor Forbes: Forbes: glas.s';i.o:!r‘*
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https://www.mathworks.com/company/jobs/opportunities.html?s tid=hp ff a careers
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https://www.mathworks.com/company/jobs/opportunities.html?s_tid=hp_ff_a_careers
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