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1980s1950s 2010s

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

Understanding AI megatrend 
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MATLAB AI used in Industries and Research

Restoration of arm and 

hand control by  

processing brain signals

Battelle

Seismic Event Detection

Shell

Converting brain waves to 

speech to help ALS 

patients communicate
UT Austin

https://www.mathworks.com/company/user_stories/battelle-neural-bypass-technology-restores-movement-to-a-paralyzed-mans-arm-and-hand.html?s_tid=srchtitle
https://library.seg.org/doi/pdf/10.1190/segam2019-3215081.1
https://www.mathworks.com/company/user_stories/ut-austin-researchers-convert-brain-signals-to-words-and-phrases-using-wavelets-and-deep-learning.html
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Agenda

▪ AI Workflow 

▪ Example 1: ECG Classification

▪ Example 2: Pavement Crack Identification

▪ Example 3: Human Activity Classification
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AI-driven system design

Model design and 

tuning

Hardware 

accelerated training

Interoperability

AI Modeling

Data cleansing and 

preparation

Simulation-

generated data

Human insight

Data Preparation

Enterprise systems

Embedded devices

Edge, cloud, 

desktop

Deployment
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Transforming raw data for useful analysis is a critical step

Model design and 

tuning

Hardware 

accelerated training

Interoperability

AI Modeling

Data cleansing and 

preparation

Simulation-

generated data

Human insight

Data Preparation

Enterprise systems

Embedded devices

Edge, cloud, 

desktop

Deployment
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Generate Radar Returns

Generate Audio Data

Synthetic Data Generation and Augmentation to deal with less data

Simulate data using models and 

deep learning 

text2speech
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Data cleansing and 

preparation

Simulation-

generated data

Human insight

Data Preparation

Generate wireless waveforms
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Use Signal Processing Apps to speed up Labeling and Preprocessing

Signal Analyzer App

Signal Labeler app
Data cleansing and 

preparation

Simulation-

generated data

Human insight

Data Preparation
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Time-Frequency features

Domain-Specific Features

Easily Extract Features from Signals

Time-Domain Features

Data cleansing and 

preparation

Simulation-

generated data

Human insight

Data Preparation

Frequency-Domain Features

• Signal Patterns

• Changepoints

• Peaks

• Signal Envelope

……

• BW 

measurements

• Spectral Statistics

• Octave Spectrum

……

• Spectrogram

• MFCC

• Constant-Q 

Transform

• Scalogram

……

• Speech and 

audio

• Navigation and 

Sensor Fusion 

• Radar

• Communication

……
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Selecting and training  the right model is important

Model design and 

tuning

Hardware 

accelerated training

Interoperability

AI Modeling

Data cleansing and 

preparation

Simulation-

generated data

Human insight

Data Preparation

Enterprise systems

Embedded devices

Edge, cloud, 

desktop

Deployment
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Understand the approaches to creating AI models

Model design and 

tuning

Hardware 

accelerated training

Interoperability

AI Modeling

Deep Learning 

using Transfer 

Learning

Machine 

Learning Models

Deep Learning 

from scratch

CNNs

LSTMs

SVMs

Clustering

Decision trees
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Model design and 

tuning

Hardware 

accelerated training

Interoperability

AI Modeling

Understanding tradeoffs to building models

D
a

ta
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o
lu

m
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Time Required
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Model design and 

tuning

Hardware 

accelerated training

Interoperability

AI Modeling

Understanding tradeoffs to building models

P
re

d
ic

ti
v
e

 P
o

w
e

r

Interpretability
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MATLAB interoperates with other frameworks

Model design and 

tuning

Hardware 

accelerated training

Interoperability

AI Modeling

Caffe importer

Keras importer

TensorFlow importer
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Hardware acceleration and scaling are critical for training

Model design and 

tuning

Hardware 

accelerated training

Interoperability

AI Modeling
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Completing your AI workflow with deployment

Model design and 

tuning

Hardware 

accelerated training

Interoperability

AI Modeling

Data cleansing and 

preparation

Simulation-

generated data

Human insight

Data Preparation

Enterprise systems

Embedded devices

Edge, cloud, 

desktop

Deployment
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Deploy to any processor with best-in-class performance

FPGA

CPU

GPU
Code 

Generation

Enterprise systems

Embedded devices

Edge, cloud, 

desktop

Deployment
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ECG Waveform Segmentation

▪ ECG signals contain P,QRS 

and T waves. Identifying these 

can help with diagnosis and 

classification.

▪ Dataset contains 210 ECG 

signals ,~ 15 minutes long, 

labeled by cardiologist
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ECG Segmentation using a LSTM Network

Preprocess Data 

and Feature 

Extraction

Deploy & Integrate
Build Deep Network 

from Scratch
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Building a Deep Learning Model from Scratch
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Script -Video
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Getting data from Bitalino card
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Deployment to a Raspberry Pi Board

• Raspberry Pi 3 B+ with ARM Cortex A 

processor

• Compute Library from ARM

• Repository  of low-level optimized 

functions

• For ARM Cortex A processors and 

ARM Mali family of GPUs 

https://www.mathworks.com/help/deeplearning/ug/

code-generation-for-ecg-segmentation-using-

deep-learning-on-raspberry-pi.html

https://www.mathworks.com/help/deeplearning/ug/code-generation-for-ecg-segmentation-using-deep-learning-on-raspberry-pi.html
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Using Wavelets for AI 
Why are wavelets and multiscale techniques useful?

• Efficient representations for data 

characterized by transient components and 

long duration trends or oscillations

• Provides state-of-the- art results for :

• Anomaly detection and Health 

Monitoring 

• Biomedical Signal Analysis

• Seismic Analysis

• Radar and Comms applications

• Financial Analysis
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Which wavelet techniques can be used for AI?

Continuous Wavelet Transform Wavelet Scattering Wavelet Statistics

..and many more



27

Crack Identification in Pavements with Wavelets

▪ Image analysis of pavements is not always 

feasible

▪ Data is collected using accelerometer 

sensor installed in  cars

▪ Dataset: Mendeley Data open data 

repository – 327 samples

▪ Data is collected at different car speeds for 

varying sizes of pavement cracks



28

Crack Identification with Pretrained Network

Preprocess Data 

and Feature 

Extraction

Use Deep Learning 

with Transfer 

Learning 

Wavelet 

Transform
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Using Transfer Learning

TRAINED NETWORK

Test images

Predict and assess 

network accuracy
Early layers that learned

low-level features

(edges, blobs, colors)

Last layers that

learned task

specific features

Load pretrained network

1 million images 

1000s classes

New layers to learn

features specific

to your data

Replace final layers

Fewer classes 

Learn faster

Training images Training options

Train network

100s images 

10s classes
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Script Video
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Human Activity Classification

▪ Classify from 5 activities:

– Walking

– Climbing upstairs

– Going downstairs

– Lying down 

– standing

▪ Data captured from sensors on mobile 

phones
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Human Activity Classification with AutoML

Preprocess Data 

and Automatic 

Feature Extraction

Train and Test 

Machine Learning 

Models

Wavelet 

Scattering
Feature and Model 

Selection
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Wavelet Scattering
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Script Video
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MATLAB supports the entire AI-driven system design

Model design and 

tuning

Hardware 

accelerated 

training

Interoperability

AI Modeling

Data cleansing 

and preparation

Simulation-

generated data

Human insight

Data Preparation

Enterprise systems

Embedded 

devices

Edge, cloud, 

desktop

Deployment

Signal Processing apps

Feature Extraction Techniques

Generate Data Quickly build models

Accelerate training

Deploy to targets with 

code generation
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MATLAB

Signal Processing Toolbox

Wavelet Toolbox

Statistics & Machine Learning 
Toolbox

GPU CoderDeep Learning Toolbox

MATLAB Coder
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Many resources to get started with 

https://www.mathworks.com/solutions/deep-learning/deep-learning-signal-processing.html

https://www.mathworks.com/help/wavelet/examples.html

https://www.mathworks.com/help/signal/examples.html

https://www.mathworks.com/solutions/deep-learning/deep-learning-signal-processing.html
https://www.mathworks.com/help/comm/examples.html
https://www.mathworks.com/help/signal/examples.html


MATLAB과 함께하는 딥러닝 4주 완성 부트캠프 일정

7월 7일 7월 14일 7월 21일 7월 22일 7월 28일

영상 분석을
위한 딥러닝

신호처리를
위한 머신

러닝과 딥러닝

딥러닝
프로젝트를
위한 데이터
준비 기법

MATLAB 
Deep Learning 

Day 2021

MATLAB으로
시작하는
강화학습

딥러닝 부트캠프 응용편

딥러닝 기반
이상탐지 기법

라이다 및
레이다를 위한

딥러닝

무선통신을
위한 딥러닝

바이오, 
의료분야를
위한 딥러닝

https://bit.ly/3hfSm24
오늘 등록하세요!

https://bit.ly/3hfSm24
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