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The Use of Deep Learning is Growing Across Industries

Aerospace, Defense and Communications

Consumer Electronics and Digital Health
)

Multi-standard communications
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Deep Learning Workflow
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Deep Learning Workflow Challenges — Signals, Time-Series, Text

Limited data Complex deep learning
availability architectures
A

Time consuming
data labeling
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Deployment and scaling to
various platforms

Domain-specific data
processing desirable

Limited reference
research
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Application Examples Using MATLAB — Speech and Audio
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Status: Recording...
& Buy “The Best of Mozart" (MP3 album) on the Official Halidon Music Store: httg}

£ Listen to "Mozart: Essential Classics” on Spotify: https://spoti fi/2seqAde
B Order *100 Classical Pieces” (SCDs) on Amazon:

Prediction: (none)

Speech Command Recognition Music Genre Classification

https://www.mathworks.com/help/deeplearning/examples
/deep-learning-speech-recognition.html

https://www.mathworks.com/help/audio/examples/music-genre-
classification-using-wavelet-time-scattering.html



https://www.mathworks.com/help/deeplearning/examples/deep-learning-speech-recognition.html
https://www.mathworks.com/help/audio/examples/music-genre-classification-using-wavelet-time-scattering.html
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What is Deep Learning?

Deep learning is a type of machine learning in which a model learns from
examples.
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Common Network Architectures — Signals, Time-Series, Text

Convolutional Neural Networks (CNN)
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Convolution
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layers to support
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Pooling
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rectified linear units

Convolution
RelLl
rectified linear units
Pooling
RelLU
rectified linear units
Pooling

Long Short-Term Memory (LSTM) Networks

v v
£ B
>
ﬁ—g

G
QO

—
Combine with

transformed x,

nnn|
|
LLL]
\4
o
>

Feature Englneerlng Neurﬂ%ﬂork goift)wise T\/e_:t?r> C(ze-n:e —CQ? Sﬁ&uaﬁﬁgﬂl}!l,“'l]
MATLAB EXPO 2019



4\ MathWorks

Agenda

= Deep Learning — Basic ideas

= Deep Learning Model Development for Signals, Time-Series, and Text

= Data

= Processing and transformation

= Model design and optimization “ Mi - et
| OO 1> - MATLAB
“ l i iy 2 C/C++

= Acceleration, prototyping, and deployment e ———
I L Bg | = =
rereeeer : ‘EIL o =

= Conclusions

MATLAB EXPO 2018



4\ MathWorks

Agenda

= Deep Learning — Basic ideas

= Deep Learning Model Development for Signals, Time-Series, and Text

= Data

= Processing and transformation

= Model design and optimization “ Mi - et
| OO 1> - MATLAB
“ l i iy 2 C/C++

= Acceleration, prototyping, and deployment e ———
I L Bg | = =
rereeeer : ‘EIL o =

= Conclusions

MATLAB EXPO 2018



4\ MathWorks

Current Investments — Models vs. Data

MATLAB EXPO 2019

Research

Industry

m Models and
Algorithms

m Datasets

From "Troubleshooting deep neural networks" (Josh Tobin et al., Jan 2019)
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Efficient Handling Large Datasq sudioDatastore
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imageDatastore

fileDatastore Custom Datastores

How to...

= Build a list of all data and labels?

= Review basic statistics about available data?

= Select data subsets without nested for
loops, dir, 1s, what, ... aplenty?

= Jointly read data and labels?

= Automatically distribute computations?
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Minimize Time Consuming Labelling of Signals

Oescrpton vawe ™
0 ¥
oo male type bue =
Labet Accept Cancel
~ g
wANUA AesoR .

patientID = 1;
signalvVals = getSignal(QTData,patientID);
labelvals = getLabelValues(QTData,patientID, 'WaveformLabels_Chanl');
displayWaveformLabels(signalvals(1,1:18@8),labelvals.value(1:1868))
Audio Labeler - Counting-16-44p1-mono-15secs.wav
4 Time Scope — a X 5
LABEL REC T Cleanup | 4 5 =0
i (3 Y ¢ v Helo E — =7 5
File Tools View Playback Help N | H & Audio Player [ Defaut Layout Z
— Primary Soun... v
) & - r: - &R Xl & Load save Wmport g ooyinge ] Legend Export &
13“ I FILE EW EX T =
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50
oF
50T
T = 00:00:00.000
v Audio File Info ROj Labels a7 ‘
=100 Counting-16-44pl-mono-15secs.wav: A | ||SpeechContent ‘ 1 2 free 4 s 6 7 9 10
Channels: 1
Sample Rate: 44100 Hz
Duration: 15.534 s
Compression: Uncompressed
Bit Depth: 16 bits/sample
C:\MATLAB\R2018b\ toolbox\audi(

Inspect the label vg

Location:
€ L a2
Offset=10304 T=20288 »

= Programmatically... ... or via Apps

MATLAB EXPO 2018
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What if Available (Good) Data Isn’t Enough?

nine
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Original
Dataset

Pitch shift

Time stretch

Data augmentation allows building

more complex and more robust models
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Augmented
Dataset

N times as
much data
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What if Recording and Labelling Real-World Data is Impractical
or Unreasonable? - Simulation is Key!

Fres =326.9739 Hz, Tres = 7.85 ms
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Frequency (kHz)

Radar Target Simulation Micro-Doppler Analysis

Speed (m/s)

Z (m)

X (m)

MATLAB EXPO 2018
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Common Network Architectures — Signals, Time-Series, Text

Convolutional Neural Networks (CNN)

Convolution
Convolution
Convolution
Pooling
Convolution
layers to support
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Fully Connected
classification

RelLU
recfified linear units
Pooling

RelLU
rectified linear units
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Pooling

RelLl
rectified linear units
Pooling

Time-Frequency
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Long Short-Term Memory (LSTM) Networks
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Time-Frequency Transformations

Reframe To frequency

(e.g. Buffer) (e.g. FFT)

Time (samples)

é Time

Time
(samples) (frame #)
Easiest to More compact Best resolution
understand and for speech & audio for non-periodic
implement applications signals i

0.2 0.4 0.6 0.8 1
Seconds

Basic spectrogram
MATLAB EXPO 2019

Perceptually-spaced

(e.g. Mel, Bark) Spectrogram Wavelet scalogram

‘ MathWorks:
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Extracting Features from Signals: Application-Agnostic Examples

" B Bandwidth } Mean Frequency Esti F . SNR: 130.93d8 . . . 13 - Octave Spectrum
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MATLAB EXPO 2019
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Domain-Specific Features and Transformations — Examples

Harance - Two

Navigation and Sensor Fusion

Speech and Audio - “W‘Mf“l‘w“ - N ) . .
SR . Orientation = Acceleration, angular velocity
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. MDCT g H\],gw,. | ‘ )
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Deep Network Designer
e
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MATLAB EXPO 2019 Inception-ResNet-v2 Optimization
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CNN Network for Audio Classification

Speech Command Recognition Using Deep Learning
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https://research.googleblog.com/2017/08/launching-speech-commands-dataset.html
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LSTM Network for Audio Classification

Speaker Gender Recognition Using Deep Learning

1. Train
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https://voice.mozilla.org/en/data
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With GPU Coder, MATLAB is fast
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R201%9a

Inception-V3
Intel® Xeon® CPU 3.6 GHz - NVIDIA libraries: CUDA10 - cuDNN 7 - Frameworks: TensorFlow 1.13.0, MXNet 1.4.0 PyTorch 1.0.0 26
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Deep Learning from Idea to Product

Embedded Devices ( Enterprise Systems

Application logic
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Deep Learning Workflow Challenges — Signals, Time-Series, Text

Limited data Complex deep
availability learning architectures
A

Time consuming
data labeling
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Deep Learning Workflow MATLAB Strengths - Signals, Time-Series, Text
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Related Training

= Time series analysis
= Signal Preprocessing and Feature Extraction for Data Analytics with MATLAB

= Deep learning (including non-vision applications)
« Deep Learning with MATLAB

= Code generation
- MATLAB to C with MATLAB Coder

https://nl.mathworks.com/services/training.html

MATLAB EXPO 2018
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https://uk.mathworks.com/training-schedule/signal-preprocessing-and-feature-extraction-for-data-analytics-w.html
https://uk.mathworks.com/training-schedule/deep-learning-with-matlab.html
https://nl.mathworks.com/training-schedule/matlab-to-c-with-matlab-coder

