MATLAB BEXIPO

2024.06.11 | 1HE QIHAE[HS MF IELIA

Audio Data Recognition

Using Deep Learning

YEL, Dy g2 720f

o”} MathWorks

[/




MATLAB EXPO

Contents

= |Introduction

Audio Data Pre-Processing

Deep Learning Processing
Additional Information

Q&A



MATLAB BXIPPO

Introduction



MATLAB EXPO

Intelligent Assistant

[Smart Home]



MATLAB EXPO

Intelligent Assistant

[Music]



MATLAB EXPO

Intelligent Assistant

[Movie]



MATLAB EXPO

Intelligent Assistant

S
D

,,/

©
g
;|

=y

[Navigation]



Audio Toolbox

Al for Audio, Speech,
and Acoustics

Q)) Audio processing and I/O
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Audio Toolbox

Speech-2-Text = Sound Classification
Speaker Recognition - Pitch Estimation
- Voice Activity Detection - Speech Separation

Speech Enhancement

Sound and Speech Synthesis
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Audio Data Sources

« Speech Commands Data Set
— Aset of 64,727 audio files(wav)
— A ssingle spoken English word
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Audio Data Sources
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Speech Detection
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Speech Detection

>> detectSpeech(audioData, samplingFrequency)

Detected Speech
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Speech Detection

=  Window
. ‘ Deltected SPeech . .
os | - — Time-frequency representation

= OverlapLength
— Decrease noise

= MergeDistance
s = 7 — Regions declared are merged
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Speech Detection

Detected Speech
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Speech Detection

Detected Speech
0.8 [
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Fs = 16000; % Sampling Frequency

windowDuration = 0.074;
numWindowSamples = round(windowDuration*Fs);

win = hamming(numWindowSamples, "periodic")q

percentOverlap = 0.20;

overlap = round(numWindowSamples*percentOverlap)q

mergeDuration = 9.2;

mergeDist = round(mergeDuration*Fs);]

idx = detectSpeech(audioData, Fs,
"Window", win,
"OverlaplLength", overlap,
"MergeDistance", mergeDist);
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Detected Speech

Detected Speech
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Speech Labeling

- Signal Labeler App
— Manually and Automatically
Audio Data Labeling
— Spectrogram
— Spectrum
— Signal Feature Extraction

MATLAB EXPO

* Four™
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Two
il
> b . > Three
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4\ Signal Labeler® a X
LABELER AUDIO DISPLAY TIME SPECTROGRAM 0
o1 Description | Value O First Channel
@ G 2 ] Pr— } i M B ¥
Narme: [Three | [Three -] O Al channels No function for selection | ~
New Import | Add ] Delete B Label Al Channel o Next Extract Dashboard | Export
- - - (® Selected Channels Selector Features <
FILE LABEL DEFINITION SELECTED DEFINITION SET LABEL VALUE OPTIONS MEMBER NAVIGATION AUTOMATE VALUE DATASET EXPORT. ry
~ Label Definitiens ;
W one — audioln
W o pys
[ Three
0 A, | I
¥ L . | W
1k : Thge e . £
0 10 20 30 40 50 80
Samples x10?

- Labeled Signal Set Members

Name Locatio... |Locatio... |Time
~ audioln
~ one
true 25651 67901
true 17356 21426
true 31989 36264,
true 45217 50549 Samples x10*
~ Two
true 10210 14083,
» Three
]

Samples

x10
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Data Augmentation
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"AugmentationMode", "independent", ...
"AugmentationParameterSource”, "specify",
"ApplyTimeStretch", false, ...

false, ...

"ApplyPitchShift",
"ApplyVolumeControl”,

|audioDataAugmenteP

"ApplyAddNoise", false, .

"ApplyTimeShift",
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Feature Extraction
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Feature Extraction |

= >> audioFeatureExtractor

f mfcc \

— Extract multiple features at once gntic;cDelta

— Optimize memory/computation e e gtccDelta
spectralCentrois

— Possible in Live Script Task N 1 spectralCrest
spectralEntropy
spectralFlatness

—» #| sum }—
Speech Signal — ! window |—e—»| [FFT( #)] »| log10(*) »] oo — mfcc
— | sum p—
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Feature Extraction

>> audioFeatureExtractor

— Extract multiple features at once

— Optimize memory/computation
— Possible in Live Script Task

MATLAB EXPO
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Create object of feature extractor

afte = audioFeatureExtractor(...
"SampleRate", samplingFrequency,
"Window", hann(frameSamples, "periodic"),
"OverlapLength”, overlapSamples,
"barkSpectrum", true,...

"mfcc”, true,

"mfccDelta",false,
"mfccDeltaDelta"”, false,
"pitch", false,
"spectralCentroid", false,
"zerocrossrate", false,
"shortTimeEnergy", false)
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Feature Extraction

>> audioFeatureExtractor

— Extract multiple features at once

— Optimize memory/computation
— Possible in Live Script Task

MATLAB EXPO

N

[¢]

N N

our

Set parameters

% Set parameters of the Bark spectrum extraction

setExtractorParameters(afe, "barkSpectrum", ...
"NumBands", numBands,...
"WindowNormalization", false);

Extract & Scale the features

features = extract(afe, AudioData);

32



MATLAB EXPO
Feature Extraction — Live Script (GUI
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>> audioFeatureExtractor

o\ MATLAE R2024a

_ H = &
— Extract multiple features at once

Code Control

Equation

-

Search
L5 Hal

Al DATA SCIEMCE, AMD STATISTICS

| Practicetrei
— Optimize memory/computation

Cluster Data Reduce

Dimensionality

— Possible in Live Script Task

[ CJ

¥

Optimize  Visualize PDE
Results

CONTROL SYSTEMS

Convert Model Reduce Model  Tune PID
Rate Crder Controller

PREDICTIVE MAINTENAMCE

Estimate
Approximate...

Estimate
Correlation .

Estimate

Extract
Lyapunov Ex..

Reconstruct
Spectral Feat..

Phase Space
SYSTEM IDENTIFICATICN

Estimate

Estimate
Neural State

Estimate
Process Model

Estimate
Spectral Mo.

State-Space
SIGMAL PROCESEING

Design Filter

Extract Audio
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Feature Extraction — Live Script (GUI)

A\ MATLAB R2024a

= >> audioFeatureExtractor

— Extract multiple features at once
— Optimize memory/computation

— Possible in Live Script Task

e

* Four” A One
T

&> > >% >

TIPS _/ —+/ Four

HOME LIWE EDITOR INSERT WIEW
= =
=l = E == &
Code Control | Task | Section  Text Table of Code Table Image Hyperlink Eguation
- - Break Contents Example~ = -
_ CODE |gearch
<5 Hal

B Live Editor - |
| Practicetrai

Al DATA SCIEMCE, AMD STATISTICS

G ]

Cluster Data Reduce
Dimensionality

MATHEMATICS AND OPTIMIZATION
p— =
M dé

Optimize  Visualize PDE
Results

CONTROL SYSTEMS

Convert Model Reduce Model Tune FID
Rate Order Controller

PREDICTIVE MAINTEMAMCE

(1 [ [ [ (g

. [ Iy [
Estimate Estimate Estimate Extract Reconstruct

Approximate..  Correlation .. Lyapunov Ex.. Spectral Feat.. Phase Space

SYSTEM IDENTIFICATION

imate Estimate Estimate Estimate
State.. Process Model Spectral Mo.. State-Space ..

Design Filter {Extract Audic
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Feature Extraction — Live Script (GUI)

Extract Audio Features

extractor | MFCC and spectral centroid extracted from audioIn

| features2 |,

= Select data

Input audio data | audicln v | Sample rate (Hz) |
N\

~ Specify window properties

Window |:Hamming v | | 1ﬂ24|%] | samples ¥ |

Overlap length | 50 (% v |FFTiength [Auto v |
\_

~ Select features to extract

...LII'_I.E ﬁectral features

[JLinsar spectrum [ | Mel spectrum [ | Bark spectrum [ | ERE specirum

Extract Audio Cepstral features

Features MFCC  [|MFCCdetta [ ]MFCC delta delta
[]GTCC  []GTCCdeta [ GTCC delta delta

Spectral descriptors
Centroid [JCrest [ |Decrease [_]Entropy

[]Flainess [ Flux [ Kurtosis [] Rolloff peint
&lSkE\'mESS [5lope [ ]Spread /
Periodicity features

[JPitch  []Harmonic ratio

Energy features
[[]Zero-crossing rate || Short-time energy

+ Specify feature extractor parameters
35
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Feature Extraction — Live Script (GUI)

Vg

Extract Audio
Features

~ Select features to extract

Spectral features
[[JLinear spectrum | Mel spectrum [ | Bark spectrum || ERB =pecirum

Cepstral features
MFCC [ |MFCC defta [ |MFCC delta delta
[QsTec []GTCCdelta [ GTCC delta delta

Spectral descriptors

Centroid [JcCrest [ |Decrease [_]Entropy
[]Flatnes=s [] Flusx [ Kurtosis [] Ralloff point
[]skewness [ |Slope [ |Spread

Periodicity features
[JPitch  []Harmonic ratio

Energy features
[]Zerg-crossing rate | Short-time energy

» Specify feature extractor parameters
~ Display results

[]output summary [ ] Plot features [ ] Plot audio

(Hide code \

X Create and set up an audioFeatureExtractor object
extractor = audicFeatureExtractor(SampleRate=Fs,
mfcc=true,spectralCentroid=true);

% Extract features from audio data

\featuresz = extract({extractor,audioIn): )

One

&> JIII'I|II S J >E> > it

—+/ Four
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Deep Learning Processing
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Training Data

« Speech Commands Data Set
— 30 command words

Trianing Data Distribution

Number of observation
&
=

one two three four unknown

Number of observation

MATLAB BEXPPO
&> WE =X

=

Hm g

one et
two =

Il N
_ B 1

three

four

=
. Tunknown

Total 5 command words

Validation Data Distribution
1200 T T T

1000 |
800 |
600 |
400 |

200

one two three four unknown
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Deep Learning Network

Flexibility

= Training from Scratch

— Build a network myself

Training from
scratch

Transfer

learning
- Transfer learning

N | |
— Modify pretrained network

v

Effort

42



MATLAB EXPO

Training from Scratch VS Transfer Learning

= Training from Scratch

— Pros
= We can train with various dimension dataset
= We can change our model architecture.
= Many possibilities to enhance performance

— Cons
= |t takes long time to train from the beginning

= Itis hard to find proper and high performance
model.

layers = [

One

ot Two
§> 4> W& =

imageInputLayer([numHops, afe.FeaturevectorLengthl])

convolution2dLayer(3, numF, "Padding”, “same")

batchNormalizationLayer
reluLayer
maxPooling2dLayer(3, "Stride”,

convolution2dLayer(3, 2*numF,
batchNormalizationLayer
relulLayer

maxPooling2dLayer(3, "Stride",

convolution2dLayer(3, 4*numF,
batchNormalizationLayer
reluLayer

maxPooling2dLayer(3, "Stride”,

convolution2dLayer(3, 4*numF,
batchNormalizationLayer
reluLayer

convolution2dLayer(3, 4*numF,
batchNormalizationLayer

2, "Padding”, “same")

“Padding”, "same")

2, "Padding", "same")

"Padding"”, "same")

2, "Padding", "same")

"Padd 1 ng" ) - SJIIIL’")

"Padding”, "same")
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Training from Scratch VS Transfer Learning -

= Transfer Learning

— Pros G || [EE . :
= |t takes less training time than training from scratch B i 3 " '
- The Normal performance is guaranteed. @~ = esen 4] [mmn 4] [m— "
= |t doesn’t take time to consider the architecture of I 3 .
deep learning model 1 . : : :
......... o 4| [mewn A [ o o @
— Cons RS Deep Network
= Deep learning input data dimension is limited Designer
= Itis hard to change deep learning model architecture : : 2 :
as we want. : . f :

eeeeeeeeeeeeeeeeeeeeeeeeeee
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Deep Network Designer

>> deepNetworkDesigner

— Deep Learning Network Design with App
— GUI

Deep Network
Designer

*“Four*

& > i

MATLAB EXPO

One

@ Two
> Three
> n > i Four

4\ Deep Network Designer — [m] b4
DESIGNER
" | »
o ] ¢:]I & ZoomIn g E:. ¥
New Unlock &, Zoom Out Auto | Analyze Export
All Layers Arrange =
NETWORK BUILD NAVIGATE LAYOUT | ANALYSIS _EXPORT =
Layer library Designer - Properties
Input type Image
- INPUT Number of layers 68
|~8  imageinputLayer Tl e Number of connections 75
image3dinputLayer
sequencainputlayer fired-elu_exp fired-relu_exp.
elulayer relulayer
featurelnputLayer
inputLayer @ fire9-concat
depthConcaten
E roilnputLayer
pointCloudinputLayer drop8
dropoutLayer
» CONVOLUTION AND FULLY CONNECTED
convolution1dLayer
convi0
convolution2dLayer convalionzd
convolution3dLayer
B relu_conv10
groupedConvolution2dLayer reluLayer
[B7] transposedConvidLayer - Overview
poal10
E transposedConv2dLayer globalAverageP.
@ transposedConv3dLayer
m:
E fullyConnectedLayer softmaxLayer
] M
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Deep Network Designer

>> deepNetworkDesigner

— Deep Learning Network Design with App
— GUI

4\ Deep Network Designer = [u] X
ar FEHeawn B B ¢
New nbock | B @ zoomom | Auto | Anayzs | Export

AllLayers | o view e ~
NETWORK Buio NAVGATE LAYOUT | ANALYSIS EXPORT =
Layer library Designer ~ Properties

e R

- INPU v v Number of layers 68
imagelnputLayer ] [reg erpandxd ] Mred-omwondaxa Numborof connoctions. 75
image3dinputLayer
m sequencelnpulLayer fire9-relu_exp fire@-relu_axp.

reluLayes reluLayer

featurelnputLayer

inputLayer fireg-concal
deptnConcalen

roilnputLayer

intCloudinputLayer drop®
P " [
= CONVOLUTION AND FULLY CONNECTEL
convolutionidLayer .
o DDIW{QV -
convolution2dLayer B convolutonza
convolution3dLayer i
Brs\u,mﬂvm
groupedConvolution2dLayer reluLayer
[#A] transposedConvidLayer J - Overview
pool0
transposedConv2dLayer Egmm“gg
@ transposedConv3dLayer
prob
g fullyConnectedLayer . mwmm,.v
H M

MATLAB EXPO

One

ot Two
§> 4> W& =

]
2 B ¢

Auto Analyze | Export
Arrange -

LAYOUT | ANALYSIS
E V Export

. Export network to workspace

—4 Generate Network Code with Parameters

E;/ Generate network code for inference, transfer learning, or imported networks from external platforms
@ fire9-expandix1 |

convolutior

=1 A Add Layer Branches
Add branches to the dinetwork. Each branch is a linear array of layers.
tempNet = [

fire9-relu_ N
reluLayer imageInputLayer([227 227 3],"Name","data","Mean",params.data.Mean)
T convolution2dLayer([3 3],64,"Name","convl","Stride",[2 2],"Bias",params.convl.Bias, "Wei
) reluLayer("Name","relu_convl")
maxPooling2dLayer([3 3], "Name","pocll","Stride",[2 2])
convolution2dLayer([1 1],16, "Name","fire2-squeezelx1","Bias",params.fire2_squeezelxl.Bi
reluLayer("“Name","fire2-relu_squeezelx1")];

net = addLayers(net,tempNet);

tempNet = [
convolution2dLayer([1 1],64,"Name","fire2-expandlx1l”,"Bias",params.fire2_expandlxl.Bias
reluLayer(“Name","fire2-relu_expandlx1")];

net = addLayers(net,tempNet);

tempNet = [
convolution2dLayer([3 3],64, "Name","fire2-expand3x3","Padding",[1 1 1 1],"Bias",params.
reluLayer("Name","fire2-relu_expand3x3")];

net = addLayers(net,tempNet);

tempNet = [
depthConcatenationLayer(2, "Name","fire2-concat")
convolution2dLayer([1 1],16, "Name","fire3-squeezelx1","Bias",params.fire3_squeezelx1.Bi
reluLayer(“Name","fire3-relu_squeezelxl")];

net = addLayers(net,tempNet);

tempNet = [
convolution2dLayer([1 1],64, "Name","fire3-expandlxl”,"Bias",params.fire3_expandlxl.Bias
reluLayer("Name","fire3-relu_expand1lx1")];

net = addLayers(net,tempNet);

46



MATLAB EXPO

| NN
Feature Extraction for Scratch -

= Avalilable features to Extract
— 25 features (In the Demo, only bark spectrum is selected)

>> audioFeatureExtractor
>> extract

Second Audio Signal

-

o o o o
N 0 ©

)

e )

N
~

Power/frequency (dB/(rad/sample))

Normalized Frequency (x 7 radians/sample)
o
[$)]

0.3
-0.6 -
0.2
-0.8
0.1
-1 L
0 0.5 1 1.5 2 2.5 0

0.5 1 1.5 2
Samples «10* 47
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One
n

. . &> ME >
Feature Extraction for Transfer Learning -

= VGGish Model(pre-trained)

— Audio classification model
— Aset of 2,000,000 audio data from Google
— 527 classes 1 st s

— Feature(Mel Spectrogram)

>> vggishPreprocess o | >

%[;' ) v ) 527classes

Youtube Video Clips Labeling Manually
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One
Two

o &> > W& —x 7o
Training Network -

- trainnet function

>> options = trainingOptions('adam’, 'Plots','training-progress’ )«
>> net = trainnet(trainData, trainlLabel, Model, Loss tionc) - ~
= trainingOptions( adam’,...

' '
= B earnRate',0.0001, ...
2 -~
1 1 L [ SR . U —— - Ll
Sy e s
%0 REJOES Loss Function YNal}, ...
|l Status: Training finished ’
. 5 '
ol Stop reason:  Max epochs completed "crossentropy” legewlse ,...
| =60 - e 19,...
|8 Start time 18-Apr-2023 14595
1380 Elapsed time 00:01:45
1=
< 40
Information
30 -
Epoch: 20f2 5 )
20y Iteration 118
10 Learning rate schedule: Constant \
9 I I 1 I I | Leaming rate: 0001 "binary-crossentropy” —
0 20 40 60 20 u 50
Iteration Single GPU
12+
* "mse”
10
* "mean-squared-error
sl
P e "12loss”
8
= 6 " "
1 * "mae
4l
® "mean-absolute-error”
2 " "
e "llloss

o | ] = : | | N .
| 0 20 40 60 80 100 120 * "huber
Iteration

49



MATLAB EXPO

3.5%

4.7%

5.2%

Network Performance

95.3% 95.1% 92.9% 97.4%

8.6% 4.7% 4.9% 71% 2.6%

one two three four unknown
Predicted Class

2.5%

4.8%

True Class

one

One

ot Two
§> 4> W& =X

three

four

unknown

198 2 9 5.3%
200 1 2 11 6.5%

2 214 9 4.9%

4 248 9 5.0%
3 3 5 2 1034 1.2%

96.6%

97.6% 97.3% 97.6% 96.5%

3.4% 2.4% 2.7% 2.4% 3.5%
one two three four unknown
Predicted Class

Transfer Learning(VGGish)
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True Class

Confusion Chart

one | 198 2 )

two 200 1 2 11

three 2 214 9

four 4 248 9
unknown 3 3 5 2

97.3% 97.6% 96.5%

2.7% 2.4% 3.5%

three four unknown
Predicted Class

5.3%

6.5%

4.9%

5.0%

1.2%

One
Two

&> 0> W iy

Performance : Confusion chart
cm = confusionchart(validlLabel, predictedData, ...

"ColumnSummary", "column-normalized", ...
"RowSummary", "row-normalized");
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Classification with Real Time Recording

& > i > B > @D

W—J
Input

MATLAB EXPO
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Classification with Real Time Recording

One

||‘||\||| > . > @’ m:ee

— &/ Four

ﬁ—!
Classify
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Demo

MATLAB EXPO
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Demo

Detected Speech

0.15F

0.1+

0.05 }

-0.05 +

0.1}

-0.15¢

predictedWord = "four three two one"
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Audio Toolbox Examples

= 119 examples (R2024a)
— Al for Audio
— Audio Processing Algorithm Design
— Measurements and Spatial Audio

T
B
i Estimat
g ‘ mate
E
&
= DEEF
LEARNING |-
Target [Clean Ausdic] RIC

5 -

Denoise Speech Using Deep
Learning Networks

Denoise speech signals using
deep learning networks. The
example compares two types
of networks applied to the

Open Live Script

Farub 4777 acnal
=

Cocktail Party Source
Separation Using Deep
Learning Networks

lsolate a speech signal using a
deep learning network.

Open Live Script

Discriminato

}—‘ Generated STFT

Train Generative Adversarial
MNetwork (GAN) for Sound
Synthesis

Train and use a generative
adversarial network (GAN) to
generate sounds.

Open Live Script

e R
ot e Bradriion
drelim

b

Speaker Identification Using
Pitch and MFCC

Use machine learning to
identify people based on
features extracted from
recorded speech.

Open Live Script

MATLAB EXPO

Speaker Verification Using i-
Vectors

Speaker verification, or
authentication, 1s the task of
confirming that the identity of
a speaker is who they purport

Open Live Script
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Al and Data Science Training Curriculum

MATLAB for Data

MATLAB Processing Big Data
Fundamental / Processing and . & =l8
Fundamentals Visualization with MATLAB
Core MATLAB (3 days) v (1 day)
MATLAB Building Interactive Accelerating and Object Oriented
- - Programming Applications in Parallelizing Programming with
Code EﬁlClenCV Techniques MATLAB MATLAB Code MATLAB
(2 days) (1 day) (2 days) (2 days)
Image & Video Image Processing Computer Vision
a with MATLAB with MATLAB
Processing
(2 days) (1 day)

Statistics &
Artificial
Intelligence
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Training Courses for Al

Machine Learning with MATLAB (2 days)
— General data files(no time series)

Deep Learning with MATLAB (2 days) ;
AN

— Image data files

Deep Learning for Signals in MATLAB (1 day)

— Time series data files
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More Information

= 02-6006-5100

= training@mathworks.co.kr

MATLAB EXPO
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