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ASIO
Core Audio
ALSA
DirectSound
WASAPI
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Audio Test Bench App F
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HOME APPS EDITOR PUBLISH VIEwW
- =1 [=] Find Eilec ] Insert (=1 fx [7] - =l | 3
BT E 4\ Audio Test Bench - O *
New Open 5
- - TEST BENCH
— Object Under Test Run As ‘n
“»o@ e o W Qg
Workspace Visualize Time Spectrum Pause Stop = SEMERATION
T Plugi S Analyzer
Name - ugin ) ‘CDE)E - nalyzer - -
= ap PLUGIN VISUAI N RUN
[€] ar Test Bench View Parameter Tuner: Three-Band ParamEQ - R2019b
|l demoRoot
= eq Input _ _ _
fs
I
[ Fs |- - L
[l info
H lastn G - -
lastt Object Under Test
A nbits e — = o
v Three-Band ParamEQ - R2019b  |3)
[ nchan
||§| scope - - -
X -10.807 dB 15528 dB 9.8137 dB
b:l_y o Output Low Gain Mid Gain High Gain
Current Folder
i
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% Threel
{ 1 7
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& pararm Low Frequency Mid Frequency High Frequency
- Script
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Running [Samples underrun = 3072 T = 00:18.227
>> 40%5/ (4.35%40)
ans =
1.1494
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MFCC — Mel Frequency Cepstral Coefficients 1
S— W*\”'ﬂw

(¢

GTCC — Gammatone Cepstral Coefficients

= ER

Pitch and Harmonicity

Spectral Descriptors

Mel-Spaced Spectrogram
Gammatone and Octave Filter Banks

Voice Activity Detection

Frequency (kH.

Spectral Descriptors

Spectral Centroid
Spectral Spread
Spectral Skewness
Spectral Kurtosis
Spectral Entropy
Spectral Flatness
Spectral Crest
Spectral Flux
Spectral Slope
Spectral Decrease
Spectral Rolloff Point
References
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BT5mas i — Mel-Spaced Spectrogram

19.8

- melSpectrogram &

- FERT[E) AL B R ER AR AU -
- NEm#EBH G TR ES
- RBEMMESERA2DNEER A

- ETFFT, HERRS

- BEMm, BENEZEESIEACNNRA

- Featured in ““BE&®m<1R7", and “FEIHEIHA"
examples
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B3 # — Filter Banks
« Gammatone Filter Bank (gammatoneFilterBank)

— Perceptually-spaced (ERB) filters
— Optionally use to create ERB-spaced spectrogram
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=  And much more!

. MATLAB %1 Simulink %% X
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— Maximum-Length Sequences (MLS)
— Exponentially Swept Sinusoids (ESS)

A& Impulse Response Measurer App
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- SHm& B T{E=SIE], Signal Analyzer, Filter
Visualizer

- /IEIIER
— HEFEFERK (mls, sweeptone)
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https://www.mathworks.com/help/audio/ref/mls.html
https://www.mathworks.com/help/audio/ref/sweeptone.html
https://www.mathworks.com/help/audio/ref/impzest.html
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Read, Analyze and Process SOFA Files

=1 1= 9
- 3fF

= ﬂ_\l1§lj : Ambisonic Audio

nt order
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MATLAB BXPPO

Ambisonic Binaural Decoding

Binaural Audio Rendering Using Head Tracking
=  Arduino Uno + Invensense MPU-9250

>
channels

Ambisonic
Decoder

_| FIR Filterbank

HRTF (left)

_| FIR Filterbank
"l HRTF (right)

v: Number of virtual loudspeakers

Room Impulse Response Simulation with Stochastic Ray Tracing

Room Impulse Response Simulation with the Image-Source Method and HRTF

Interpolation

z (Down)
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https://ww2.mathworks.cn/help/audio/ug/read-analyze-and-process-sofa-files.html
https://www.mathworks.com/help/releases/R2018b/audio/examples/ambisonic-binaural-decoding.html
http://www.mathworks.com/help/audio/examples/binaural-audio-rendering-using-head-tracking.html
https://ww2.mathworks.cn/help/audio/ug/room-impulse-response-simulation-with-stochastic-ray-tracing.html
https://ww2.mathworks.cn/help/audio/ug/room-impulse-response-simulation-with-image-source-method-and-hrtf-interpolation.html
https://ww2.mathworks.cn/help/audio/ug/room-impulse-response-simulation-with-image-source-method-and-hrtf-interpolation.html
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DSP System Toolbox ——

Wavelet Toolbox

Phased Array System Toolbox

=, EEMBES

F5E N Y Al

RGBS AL
TR B T RT ST
ES S RGR

1N FNS R BT S A

PEF{E 5018

MATLAB BXPPO

15



-
Al

Inside, small room

Breathing
Domestic animals, pets

"% cat \Aater Explosion

1 Zowo Bark Qi
SOl Stream st
o o 2o Actillery fire
Trackuee,?r?émsAnlmal
Gunshot, gunfire

MATLAB BXPO

16



MATLAB BXPPO

~

=PZ2)8N

||||||||| Importing data
Generating data
from simulations

==
@!

‘ Labeling data

HIREEE
BaifriE
HIZ A D

I=N=N=]

EEiEE

P

AEEIEER Al

wm|y Cleaning data

Um Transforming data

'ﬂm' Extracting features

FRAL I
4 HFIREN
B 50 5 #h

Model design and
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MATLAB H

" speech2text

" text2speech

" classifySound
" pitchnn

" vggishFeatures
" openl3Features
" detectspeechnn

BETHA Al =5

Sound type classification (YAMNet)

Speech recognition (wav2vec, DeepSpeech)
Audio embeddings (VGGish, OpenL3)
Musical pitch estimation (CREPE)

= E S IER Al 123

HEESHREA LSRR

" speakerRecognition
" deepSignalAnomalyDetector

transcriber = speechClient("wav2vec2.8",Segmentation="r«

txt « speech2text(transcriber,audioln,fs)

wide range of machines jt the trut is that

= Signal-specific architectures:
(SincNet,1D U-NET, ...)

Speaker verification (i-Vectors, x-Vectors)

Signal Anomaly Detection (CNN, LSTM)

= Differentiable DSP Layers
(STFT, CWT, DWT)

MATLAB BXPPO

Signal Anomali
PN i/ A
|| AN
| /NN
400 600 800 000 00 400
Signal Anomali
pd .
e /H N P |
b/ ~ ;
\400 600 800 000 00 400
Signal Anomali
|| |
it ,-\p 1 4-:: " \n n )
402) e&) - 500 00 1200 400

MRt R 5l

= Baseline examples with standard layers
(1D CNN, 2D CNN, LSTM, GRU, Fully-connected,...)

§t

stftLayer (Signal Processing Toolbox)

cwtlayer (Wavelet Toolbox)

nodwtlLayer (Wavelet Toolbox)

18



MATLAB BXPPO

—
—

J T HERSEPRIBIREAY Al 48

FEE REHHELRE BERRSAR

Machine gun Bark

Stream Snoring Meow ESC-50 DCASE 2013
1 T T T T 1.00
0.98 ‘I 1 1
0-80 “-—- — | o &= ans = l
0.75 41— T ' gg; : + "hello world" (‘
0.70 4— 1 L 090 4 ! | S
0.88 - 1 t 1
0.65 A T T 1 0.86 -
0.60 4 - , 0.84 T ' '
0.82 4 T T T Speech2text 10 Ratings
0.55 4 1 ] 1 0.80 4 | | | version 1.2 8 (204 KB) by MathWorks Audio Toolbox Team EIEIEE 91 Downloads @
Updated 16 Sep 2020
0.50 - T | 0.78 1 I I Automatic speech-to-text conversion View Version History
' ' 0.76 4 1 ==} 1 View License
0.45 - _|_ ~ g;‘z‘ T ' '
1 0.40 | : | 0.70 | . | text2speech 3 Ratings
A . ) ) ) . . ) - \,’5 $Q‘§' é(\ \‘}’ eé' \(}\ version 1 .0.1 (69.6 KB) by I‘-!Iatthrk.S Audio Toolbox Team iidn:;";”;:d’jegnm
0 2 4 6 8 10 12 14 16 18 Qe}‘ 0(\6 \\(90 QQQ Q(\b 400 Automatic text-to-speech synthesis View Version History
Time (S] o (90 O (90 View License
classifySound vggish

YAMNet openL3
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New Import Add E DEFINITION bi g Fast Speech to Diarize Extract Dashboard | Export
- v - - Navigation Text Features -
FILE LABEL DEFINITION SET LABEL VALUE OPTIONS BROWSER AUTOMATE VALUE DATASET EXPORT | & |
Label Definitions
,:] sounds W muttipleSounds: channel(:,2)
0 1 2 3 6 ] 10 1
Time (s)
Labeled Signal Set Browser
Name Plot |Value Locati... |Locati... |Time
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0 1 2 3 6 Q 10 11
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1 [audioIn,fs] = audioread("ThreeSpeakers.flac");

play(audiDIn,Fsﬂ

(%]

Separate the three speakers.

3 y = separateSpeakers(gpulrray(audioln),fs,NumSpeakers=3);

Listen to the separated speakers.

[FFTTTTTTTTTTTS,

4 play(y(:,1),fs)
5 play(y(:,2),fs)
6 play(y(:,3),fs)

Call separateSpeakers again. Number of speakers is now unknown.

separateSpeakers(gpulrray(audioIn),fs);

MATLAB BXPPO
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Al TEES -HzazEIJMREES]
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. : Model design and e Embedded

I ||||||||| Importing data WM.V Cleaning data : tunin 9 = devices
i g

|
1 _ ' ., Hardware
I Generating data Wl Transforming data W] C303  accelerated IT/OT integration
i from simulations i training
I

— |
: Labeling data |fﬁ|m| Extracting features : * Interoperability Edge computing
\
\---------------------\
CUDA XRS5 Rk
Audio Toolbox < = T
GPU RS2
y
Yy

- ERETRIHNIUE

Parallel Computing Toolbox - ET GPU iR
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£ MATLAB AiZit, mEAH A R E XY DAW
aHRFMEE PIET

E Elassdef MyParamEQ <« matlab.System & audicPlugin
-] §&MyParametricEqualizer 3 band parametric equalizer.

% This example shows a 3-band parametric equali
band provides a center frequency in Hertz, a
decibels.

) EffectsOnDrums [modified] - REAPER v5.35/x64 - Registered to MathWorks, Inc. (Commercial license) == (=] X
File Edit View Inset Item Track Options Actions Help  [Change media item selection] [16kHz 24bit WAV : 2/2ch 1024spls ~119/499ms DirectSound]

[E) FuniyD No preset v |+ | Paam 2in2o04
This i3z an example of an audic plugin that is

4\ MathWorks: Audio Toolbox™

% Copyright 2015-201& The MathWeorks, Inc.

3#codegen

0.000 dB X 0.000 dB

[ — - - - - —

Low Gain i High Gain
=] properties

% Center frequencies for each band
CenterFrequencyl = 100
CenterFrequency2 = 1000
CenterFrequency3 = 10000

“:‘u’]‘ ‘U

100.000 Hz 1000.000 Hz 10000.000 Hz.

MyParamgQ.m

Low Frequency  Mid Frequency  High Frequency

% Q factors for each band
QualityFactorl = 0.2
QualityFactor2 = 0.5
QualityFactor3 = 0.6

|\
0.200

Low Q

% dB gain for each band
PeakGainl = 0
PeakGainZ = 0
PeakGaini = 0

>> generateAudioPlugin MyParamEQ

24
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ETHEAGITTIRES - RES5~H

clasadef VolumeControl < AudicPlugin %#codegen
g properties

% Public properties that are not constant and not hidden will
% become tunable plugin parameters and appear on the plugin's
% dialog. A default value is required.

R 2 CE i es
L properties (Constant) Au dlo TOOIbOX V = (VST, AU, o )

% Constant property 'DisplayName' specifies the plugin name

% displayed by the DAW.
DisplayName = 'Volume control'

% Appearance and display of plugin parameters is specified by
% constant properties having the 'Display’ suffix. These specify:

3 name displayed on the dialog
% units displayed on the dialog
% minimum value
3 maximum value

Mo ] AT FoshER I 3iE

@ |[Paluntited

_ C/C++  pim
- Loe ) Simulink Coder

? fen

2 MATLAB Function _ .

Simulink Real-Time

Embedded Coder

RALRIER A TS
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Simulation Verification

FMATEEMINGESLII BN

. s T £t 2D Implementation
& E k i)b%El IZS Ath Automatic

Code Generation
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N 2ERH Simulink H1TE MR FI1%IT?
BEZMHNFTIERN G —FE

Simulink BB BI#E &
— ZBRMER, MMETXENES, RS, BENRS

SCEFE I /0 RS RZ B AMF AL
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- &l B RS A8 WSKEFESNREF

[RBYF0 = SR AV RS A K
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Signal Management

‘GSM Digital Down Converter
Note: this demo requires a Fixed-Point Designer license to run.

2 | coroic-based
B | Mixer

[s] 5]

Manual Switch
(NCO or CORDIC)
sfix18_En13 (o)
ifsas’; MIXER_OUT %4;

1.0833 ; » JCE=D
MSPS - v

- — : T

Signal dimensions, datatypes and
sample rates

Optimized DSP blocks

Sine Wave
Generate continuous or discrete sine wav
Time Scope, Scope
Display and analyze signals generated ¢ Library: DSP System

DSP System Toolbox HDL Support / Sources

DSP System Toolbox HDL Su
Random £
Generate randorr

@ Library: DSP Syswcin iwuwua s ouvuices

e}

Signal from Workspace, Sine Wave,
Delay, Time Scopes

Working with Frames

Channel 1 }—l l_l Channel 2

1
2
5 samples per channel 3
4
5

NN

2 channels per frame

Blocks interpret signals as
samples or frames

Filter Blocks

b, Lowpass > ). Highpass >
FIR FIR
. Halfband > Halfband >
Decimator Interpolator

Pre-defined and configured filter blocks
Support for fixed-point and code gen
Parameter tuning

Signal Visualization

Scopes and Spectrum Analyzer in
the DSP System Toolbox

MATLAB and Simulink

Incorporate MATLAB code into
Simulink for system level integration

Run Simulink simulations through
batching scripting in MATLAB

Model Templates and Solvers

~ DSP System Toolbox

-a

Mixed-Signal System

Configure Simulink Environment
for Signal Processing models

Fixed step solver

Apps to Models

RF Budget Analyzer, Filter
Designer, Radar Waveform
Analyzer

ZY
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Model-Based Design

Simulation Prototype Production
A i | A " A
Simulation Prototype Production
. J
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%ﬁﬁ Z%/m. E EE":‘:E/‘JEM;iﬁ'EHJ: Z%

Simulation Prototype Production

SEBt Speedgoat, Raspberry Pi, ...

=k DSP

32
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- MATLAB & £F1 Simulink t=2#!

- SERPIER, AT
- EES5EHE
- HBESIRRES S

- RNENAER, AT#L, BENXUI
- SR EIO

- R/ EFER

ni

===== — MATLAB EXPO

——

Gain Discrete-Time

Integrator

1

rrre R G
u p{ 2 )
£ rawSig " f‘ y —EfiltSig g ~
cn “
3
MATLAB Function -F modeSig -
Out3
g N\
—— X Y
. Vs
Chart
—— e — = s e

[x,fs] = audioread( 'Dialog.wma’);

fz = 16@ea required sample rate for i-vector
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E R ERE
R TARI B 45 2% B 45 Ff Ml Rz
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m: MARNERKIT

E” XEERGIE

<A
pAE

—p»  convert

DataType Conversion

sfix18 Enlé6

System Unoer Dasign

txpdemo_camer_dat.

= ¥ Simulink Root

3] (%] Serializ

* RUN BROWSER

7 Ranges(Doubie)

PREPARE SYSTEM
* MODEL HIERARCHY

HH Data Objects
= gl frpdemo_comer_deteciic
+] [ra] Gomer Detector
4] (73 Deserializa
i Image From Warkspa

e

Prohatypa

Mode'

fixdt(1,18,16)

Output maximy

ant

Signed

> Worg

Binary point ~ Fra
v S[gn mide: | Inherit

Fixed-point details

MATLAB BXPPO

o
(2}
Gy 3 setings v .
Sution Rarges| e k] e L
= E‘} 24 Signai Toisrances ~ b =]
Oorived Ranges ¥ Prapars _Colect Froposa  Aaply Srousate win  Compare
Rengés™ 4] MATLAB Funcions  Cuia Types Dala Types  EMbecded Typss™  Rosuis
GoLLECT RANGES CONVERT DATA TrPES vemiFr =
© ! Comversion || Praparation © | v RESULTDETALS o
Resuts
fxpdemo_corner_detection/Corner Detector/Corner
Name - Run ComplledDT SpecifiedDT SimMin SimMax © Metric/Gaussian Filter/Sum of Elements : Output
O Comer MetriciGa... Ranges(Dauble)  double fixdt(1,64,46) 0 547211.3589153232 ~
O Comer Meric/Ga... RangesiDouble)  double Inherlt: Inherit via ... -80135.4795648792 80135 4795645792 LIopS 1 ELLEEl
D Comer MetriciGa... Ranges(Dauble)  double fixdt(1,64,46) -B0135,4795648702 B0135,4795648792 DataType fixdt(1,64.46)
@ Comer MetriciGa... Ranges(Double)  double Inherit: Inheritvia ... 0 547211.3589153232 | Minimum ik
D Comer Metric/Ga... Ranges(Dauble)  double fixt(1,64,46) 0 547211.3580153232 Maximum 131072
D Comner Metric/Pro... Ranges(Double)  double finclt(1,32,-5) 0 109794067340.65. Precision 1.4210854715202004e-14
2 Comer MetriciPro... Ranges(Double)  double fixd(1,32.-9) ] 6421695085.0931. )
D Comer MetriciPro... Ranges(Dauble)  double fixdt(1,32,-11) 0 439176269362.63 Range Information
5 sobel Edgersobel... Ranges(Double)  double 0 255 Property Winimum Maximum
Sobsl Edge/sabel... Ranges(Doubls)  double a 255 Simulation [} 547211.358915...
i sobel Edgersobel... Ranges(Double)  double -1020 1020
o Sobel Edge/sobel... RangesiDouble)  double -1020 1020 ~ | Visualization of Simulation Data using
fixdt{1,64,46)
" Data
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vold arm EC_ops(const float ul[Z2], const fleat uiZ[Z],

float v3[2])
{
nel0_add float neon(sb_yl[0], ul, u2, 2U);
nel0 sub float neon(&y2[0], ul, u2, 2U);
nelld mul float neon(ay3[0], ul, uZ, 2U);

}
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File Edit View Display
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Diagram  Simulation  Analysis
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Code Tools

Help

HeadingMode

@© |[Pa]rtwdemo_roll »

HeadingMode
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TAS

Roll Command to Track Desired Heading
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System 110
Spacificaion

Code Mappings - C

Entry-Point Functions Data Defaults Function Defaults

E e

fx Initialize Function

fx Step Function [Sample Time:0.0255]

Model default: Default
Model default: Default

- O X
Normal 4 =
Code LI 4
rtwdemo_roll.c (2) v Q
Highlighting: B0 <s2=/DispGain 212 D b4
* Inport: '<Root:/TAS" ~
* Inport: '<Root>/Turn_Knob'
* Product: '<52>/Product’
* RelationalOperator: '<53:/TKThreshold'
*oSum: "<S2x/5um’
*  Switch: '<53>/TKSwitch'
wy
82 1if (rtU.HDG_Mode) {
f* Outputs for Atomic SubSystem: '<Root:/HeadingMode' */
a4 rtb_Suml = (rtU.HDG_Ref - rtU.Psi) * 8.@15F * rtl.TAS;
f* End of Qutputs for SubSystem: '<Root:/HeadingMode' */
= } else {
f* Outputs for Atomic SubSystem: '<Root:/RollAngleReference’ */f
83 [ if ({(real32_T)fabs(rtU.Turn_Knob) >= 3.8F) {
a0 rtb_Suml = rtU.Turn_Knob;
}
/* End of Outputs for SubSystem: '<Root:/RollAngleReference’ */
¥
/% End of Switch: '<Root>/ModeSwitch' #*/
/% Outputs for Atomic SubSystem: '<Rootr/BasicRollMode' */
/* Logic: '<51/No aged' incorporates:
* Inport: '<Root:/AP_Eng’'
wy
rtb_MNotEngaged_f = IrtU.AP_Eng;
v

Ln: 86 Col: 80

Code Mappings - C Model Data Editor

Ready

Property Inspector

View diagnostics

Code
100%

FixedStepDiscrete
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