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T REHEZEMLEE - LSTM

sequenceInputlLavyer (numFeatures)

bilstmLayer (150, "OutputMode™, "sequence™)
bilstmLayer (150, "OCutputMode", "sequence")
fullyConnectedLayer (2)

softmaxlayer

classificationLayer
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BT REREZEM L - LSTM

layers = [
sequenceInputlLavyer (numFeatures)
bilstmLayer (150, "OutputMode™, "sequence™)
bilstmLayer (150, "OCutputMode", "sequence")
fullyConnectedLayer (2)
softmaxlayer
classificationLayer

17

ANALY SIS RESULT

Name Type Activations
sequenceinput Sequence Input 42
Seqguence input with 42 dimensions

2 biLSTM_1 BILSTM 3pa
biLSTM_2 BILSTM 3pa

4 |fc Fully Connected 2

5 softmax Softmax 2

Classification Qutput

classoutput

4\ Deep Metwark Designer - m] X
I:|| ::I R A & ;}
& Zoom In % ‘
New Fit (&, Zoom Out Auto Analyze Export
to View Arrange -
FILE BUILD NAVIGATE LAYOUT = ANALYSIS EXPORT
LAYER LIBRARY Designer Data Training PROPERTIES
Number of layers 7
INPUT sequenceinput ‘ Number of connections 6
E imagelnputLayer | sequencelnput... | Input type Sequence

— Qutput type Classification
= image3dinputlayer

R i

Leamablas Total Learnables
: I ; w

I "I[JLT.'.'.i-EIg hts

12868=42 231608
Recu rr‘el‘tl.-feigr'ts 1288=153 —
Bias 1288=1 ]
I "I[JLT.'.'.i-EIthS 1228=38a 541298
Recu rr‘el‘tl.-feigr'ts 1288=153
Bias 1288=1 _ﬁ’
Weightsh 2+300 602 | B ERVIE
Bias I 2=1
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Long Short-Term Memory Recurrent Neural Network Architectures I
for Large Scale Acoustic Modeling |
+
Hagim Sak, Andrew Senior, Frangoise Beaufays I p + .
‘ : TensorFlow & Caffe2 O PyTorch
Long short-term memory for speaker generalization I Keras \ I
in supervised speech separation |
Jitong Chen® and Deliang Wang® | Q
Department of Compater Science and Engineering, The Qhio State University, Columbus, (hhio 43210, USA I
. ) . . . i online 23 e — G
An Improved Residual LSTM Architecture for Acoustic Modeling | @Xnet
} I ﬁ MATLAB ONNX
Lu Huang Jiasong Sun I
Department of Electronic Engineering Department of Electronic Engineering I C af f e
Tsinghua University Tsinghua University
Beijing, China Beijing, China I
e-mail: huanglu.thi@gmail.com e-mail: sunjiasong(@tsinghua.edu.cn Q . Microsoft
I Chainer Coi
JiXu Yi Yang I
b of Speech Acoustics & Content Understanding Department of Electronic Engineering
ute of Acoustics, Chinese Academy of Sciences Tsinghua University I
|
I ONNX — Open Neural Network Exchange
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layers = [
sequenceInputlLavyer (numFeatures)
bilstmLayer (150, "OutputMode™, "sequence™)
bilstmLayer (150, "OCutputMode", "sequence")
fullyConnectedLayer (2)
softmaxlayer
classificationLayer

17

maxEpochs = 10;
miniBatchSize = 64;
options

"InitIl

"MaxEpochs" ;maxEpochs,
"MiniBatchSize", miniBatchSizes,
"Shuffle", "every—epoch™, ...
"Verbose", false,
"ValidationFrequency™, floor (numel (TrainingFeatures) /miniBatchSize}, ...
"VzlidationData™, {FeaturesValidationClean.',BaselineV}, ...

"Plots", "training-progress’, ...

"LearnRateSchedule”, "piscewise™, . ..

"LearnRateDropFactor™, 0.1,

"LearnRateDropPeriod™,5);

[net,info] trainNetwork JrrainingFeatures, TrainingMasks, layers, options) ;
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bB8adffecebd:1 () - TigerVNC _ X

4\ MATLAB R2019b
HOME 0TS APPS EDITOR PUBLISH VIEW Hd Ol e @ {EI

<@ o 5 @l 3 3/ » home » matlab » Documents » AudioWebinar » Code

Workspace (GMF: Editor - TrainSingleNetwork.m " x Variables - feat
Mame - |Va|ue | TrainSingleNetwork.m = | =+ |
expectedMumPartitions 128 = _:E] i netLayars = [ ... :-E
1 klstm b | 41 sequencelnputlLayer (numFeatures)
:.;D;cli?:eatures i =l | 42 bﬂstmLayer (LSTMSI!.EES (klstm),"OutputMode", "sequence")
. 43 bilstmLayer (LSTMSizes(klstm), "CutputMode", "sequence")
EELSTMS!ZE 128 1| 24 fullyConnectedLayer(2)
Eﬂ LSTMSIzes [75.,100,125,150] 45 sof tmaxLayer
-H LSTMSIzes [?5’10':.].’125’150] 46 classificationLayer
M Ix4 cell 17 1:
@ net 1x1 SeriesNetwork 48 i
netL?yelrs Jfl e - | a9 - trainOptions = trainingOptions("adam", ¥ -
4| G | | »] 50 "InitiallLearnRate", le-4,
Current Folder ' Ccommand Window @& |31 "MaxEpochs", 12,
52 "MinlBatchSize", 4, ;
Jx == 5%, "Shuffle","every-epoch",
54 "Verbose",false,
55 "wall |._=|t1-,n|'|Fr‘-=-|l_|r~|‘|c TEA S
56 "walidationData" {UalldatlunFeatures{knvlp} ValidationMasks{kovlpl}, ... -
57 "Plots","training-progress", ..
58 "LearnRateSchedule","piecewise",
1] "LearnRateDropFactor",0.1,
60 "LearnRateDropPeriod",S
51 "SequencelLength", "‘-h--r‘t-:- L)
62
63 f: Network training
64
65 - tic;
66 - net = trainMetwork (trainingFeatures,trainingMasks,netlayers,trainOptions);
67 - fprintf('Training the network took %g s\n',toc);
68
69 -
L i | ]
"“*| Busy script Ln 63 Col

] i |
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100

Accuracy (%)

Training Progress (20-Mar-2020 12:21:25)
Training Progress (20-Mar-2020 12:21:25)

100 150 200
Iteration

250

300

Raculte

Validation accuracy:
Training finished:

Training Time
Ctart time:

Elapsed time;

Training Cycle
Epoch:
Iteration:

Iterations per epoch:

Maximum iterations:

Validation
Frequency:
Patience:

Other Information
Hardware resource:

93,.96%
Reached final iteration

20-Mar-2020 12:21:25

8 min 15 sec

120f12
384 of 384
32

384

8 iterations
Inf

Single GPU

Learning rate schedule: Piecewise

Accuracy

Training (smoothed)

Training
— —4€— — Validation

1al iteration

0 12:21:25
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Validation Signal Example

[« Figure 2
Eile Edit View Insert Tools Desktop Window Help
-
Udde | @ | 0| & E
1.5

Speech
Keyword Mask

-1.5

Time (s)
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LABEL RECORD 2 Cleanup 5

o = JVL Audio Player: E Default Layout ng

L

(]
@1
@

Primary Sou... ¥ v
Load Save Import e Speech Speech to Export
v v v Settings 22 Detector Text v
FILE DEVICE VIEW AUTOMATION EXPORT
Data Browser ® ExplainingDetectionRequirements-16-mono.wav
w Audio Files i|:i|e Labels qJ‘—J ‘
KeywordSpeech-16-16-mono-34secs.flac To label an audio file, you must first import or add

|ExplainingDetectionRequirements-16-meono.wav | | a file label definitio

%

| 44 » N T = 00:00:00.000
'ROI Labels SR |

w Audio File Info | [}
|| SpeechContent

ExplainingDetectionRequirements-16- A
Channels: 1
Sample Rate: 16000 Hz
Duration: 39.260 s
Compression: Uncompressed
Bit Depth: lé bits/sample
Location: C:\Docs\Material\Proj
v
< >

Samples Underrun = 0
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LABEL RECORD % Cleanup |

= =] | Audi - - nm 0.4 T,
| h (W] uckio Player i Default Layout &

. e
Primary Sou... ¥

¥l

L

i

v
Load Save Import [a=]l s Speech Speech to Export
v - ~ Settings == Legend Detector Text v
FILE DEVICE EW AUTOMATION EXPORT
Data Browser -

ExplainingDetectionRequirements-16-mono.wav

w Audio Files Eile Labels &b
| KeywordSpeech-16-16-mono-34secs.flac

D {abel an augio fie S d
\ExplainingDetectionRequirements-16-mono.way | | & file label definition
R
ROI Labels o @
w Audio File Info
SpeechContent

Sample Rate €000 Hz
Duration: 39.2¢0 s

Compression: Uncompressed
Bit Depth: 1¢é bits/sample
Location: C:\Docs\Material\Proj
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Amplitude

Reverb

T T
Criginal Audio
Augmented Audio |

08r

Time (s)
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Amplitude

WashingMashineMNoise
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Original Audio
Augmented Audio
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augmenter = audioDataAugmenter( ...

"AugmentationMode”, "sequential”,

T 0.4r

"AugmentationParameterSource”, "specify”, ... L 4& "

0.6

Spplylimestretch’ false,
"ApplyPitchshift",true, .. sl
EEEI;?EiEﬁEEEﬁ??Eﬂ“Z?ETEe, s 04|
"ApplyAddNoise",false, 06|
"ApplyTimeShift",false)

BB (ime stretch) | | e

Amplitude

-0.8

1
augmenter = audioDataAugmenter( ... 08 ridtioge -

"AugmentationMode", "sequential”, ... 0.6

n n 0.4 -

p LugnentationParanetersoyrce”, "specify”,
l;ﬂpplyTimeStretch",true,|...
ApplyPIitchShitt",talse, ...

0.2 -

0

Amplitude

-0.2

"ApplyVolumeControl™,false, ... 04+
"ApplyAddNoise",false, ... 06
"ApplyTimeShift",false) e

Learn more on auaiovataAugmenter o e 4 e e T 1w

B EXPO 4@\ MathWorks


https://www.mathworks.com/help/audio/ref/audiodataaugmenter.html

TR \
| BB — A R |
| S ———— J
TR \
| BB |
| S ———— J

St
!
nkk
A~
it

B @ o@m =

Capstral Coafficient #

X1

4\ MathWorks 27



——————————

I Label I Domain-Specific
Feature Extraction

LAB BXIPO

--ﬂl
--J

—

RS SRR E MR R F 2R AT

s
L] -

—

@—1>—@

® ®
1
» A » A
6 &

Long Short Term Memory (LSTM) Networks

&\ MathWorks

®
:
b




s

A IR N A R EA F RIFHER ISR

spectrogram, stft melSpectrogram
mfcc
TTTTTTT ‘ Time (s)
\ A
Speech Signal — b b ‘
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i

¥ Exctract MFCOC from whole analysis buffer
[coeffs,delta,deltalelta]l = mfcc(buf,SampleBate, ...
'"WindowlLength',winlength, ...

'"Overlaplength',ovlpLlength) ;

t Concatenate and normalize features
[coeffs,delta,deltalelta]l;
(featureMatrix - M) ./5;

featureMatrix

featureMatrix

5 R R— - f [y | ., | g a T o - 1= T . 1= - . | . 1 1= -
£ Detect keyword with LSTM network (Mask around speech k

featMask = claszify({net, featureMatrix.");

m
(s
s |
.
(]
(]
i1
=

T Lebounce and re-alldn JAeTeCcTlols 1N TlmeE Jdomaln

[timeMask, chimePosition] = debouncelnalyzeDetectionMask (featMask):

[...]

4\ MathWorks
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DATASETS

Data sources

Simulation and augmentation

Data Labellng
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Pre-Processing
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DEVELOP PREDICTIVE
MODELS

Import Reference Models/
Design from scratch

1
|| -
H H H fha 5
Hardware-Accelerated

Training

Probability

: NVIDIA,
Analyze and tune
hyperparameters

ACCELERATE AND DEPLOY

Desktop Apps
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e FREMEMSGEI TN (HEE)

{-----------------------------\

I I - |
[ XX ] I I LX N ] I

I [. L] .] I
| | - £ "
:.........E . % Exctract MFCC from whole analysis buffer
WM/‘ 3 [coeffs,delta,deltalelta] = mfcc{buf, SampleRate, ...
aEmsmEmsREe o+ '"Windowlength', winlength, ...

o

'Overlaplength', ovlplength) »

% Concatenate and normalize features
featureMatrix [coeffs,delta,deltalelta];
featureMatrix (featureMatrix - M)./5;

% Detect keyword with LSTM network (Mask around speech keyword)
featMask = classify(net,featureMatrix.");

% Debounce and re-align detections in time domain
[timeMask, chimePosition] = debouncelnalyzeDetectionMask(featMask);

Mask

-

% Gensrate chimes for detection events

chime = generateChimeAtSarple (chimePosition, ...

|
[...] I

---------------I

I
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AHITIERF Windows, Linux
S JAVA, C#, C++
= T ! ! !
Python, ...
MATLAB Production Server
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