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What Are Microphone Arrays?

ULA Array
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Why Microphone Arrays?

3D Directivity Pattern

Directivity (dBi)
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How Can I...

1. Design a microphone array system?

2. Validate my voice interface can work
In real-life scenarios?

3. Understand what else can
help me improve my performance?
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Design a Microphone Array System

4x MEMS
Microphones
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Time Domain Simulation of an Array System
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How Can | ....Validate my voice interface can work in real-life scenarios?
Constrained Simulations vs. Real Life
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Plugin hosting

>> noiseRemover = loadAudioPlugin('ERA-N.vst')

noiseRemover =

VST plugin 'ERA-N' 2 in,

Processing: 40 %
Gain: © dB S
Tilt: 'NoTilt' i
Bypass: ©
https://accusonus.com/products/era-n
>> noiseRemover.Processing = 60;
>> noiseRemover.Gain = 3;
>> y = process(noiseRemover, Xx)

&\ MathWorks:
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How To Measure Performance?

Output audio
"sounds good"

[[lwhile ishandle (hui)

% Rudio acquisition (from file)
rxAll = readaudio();
inAll = levelChannels (rxall);

% Event segmentation and DOR

[toTune.doa, segmentation, eventsDetected] = bufferAndSearch(inall, fs, searchBufferLength);
% Point array towards estimated DOA

toTune.pointingTheta = toTune.doa;

% Select correct subarray for pointing

"91.5% of spoken
sentences correctly
converted"

e 3lid on the ampoth planka” “the birth canal we 3l
in stockings i= hard to sell™ "a large size in stock
to the dark blue background™ “blue the sheet to the
11 the depth of a well™ "it's easy to tell the
hicken leg is a rare dish" “these days a chicken

MQTLQB EXPO 2018 served in round bowla”™ "rice is ofcen served
33
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[[Jwhile ishandle (hui)

% Audio acquisition (from file)
readaudio () ;
levelChannels (rxAl1l) ;

% Event segmentation and DOR

[toTune.doa, segmentation, eventsDetected] = bufferAndSearch(inall, fs, searchBufferLength):
% Point array towards estimated DOR

toTune.pointingTheta = toTune.doa;

% Select correct subarray for pointing

correct subarray for pointing

Current Folder
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=] H1 Gab BlueCoin... True GuessedBaseline ConfidenceBaselirn
&) 1wav 231 KB
@] 2.wav 217 KB
@] 3.wav 209 KB " . . . " . . -
] 4wav 249 KB the birch cance 31id on the smooth planks the birth canal we s5lid on the smooth planks 0.74933
8] 5.wav 269 KB " & large 3ize in atockings is hard to sell” "a large 3ize in stockings is hard to sell”™ 0.5366
&) Bowav 251 KB "glue the sheet to the dark blue background”™ "blue the sheet to the dark bklue background” 0.9500%
%;-Wa"’ i;;ig "its eaay to tell the depth of a well™ "it's easy to tell the depth of & well” 0.397403
jg::: IT7KB "these days & chicken leg i3 & rare dish™ "these days a chicken leg is a redfish” 0.86686
2] 10.wmav 269 KB "rice is often served in round bowls™ "rice is often served in rum balls™ 0.959448
=] H1 Gab BlueCoin... "the juice of lemons makesz fine punch”™ "the cheezse of lemons makes flying punch™ 0.79089
& Twav 241KB "the box wa3 thrown beside the parked truck™ "the box was thrown beside the box truck™ 0.8279&
&) 2.
e hogs were fe opped corn and garbage e Hawks were fe opa corn and garbage .
j‘;::: e "the h fed chopped d garbage™  "the Hawk fed ch d garbage™ 0.81863
@] dwav 293 KB . = = =
|®] 5.wav 269 KB
&) Bowav 233 KB
@] 7.wav 321 KB
@] B.wav 245 KB
&) Gowav 311 KB
@] 10.wav 287 KB
= H1 Gab Headset
&) 1wav 233 KB 34
@] 2.wav 263 KB
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Test performance with speech-to-text services

>> [samples, fs] = audioread('helloaudioPD.wav');

>> soundsc(samples, fs)

N\

>> speechObject = speechClient('Google', 'languageCode’, 'en-US");
>> outInfo = speech2text(speechObject, samples, fs);

>> outInfo.TRANSCRIPT =

ans =
"hello audio product Developers'

>> outInfo.CONFIDENCE =
ans =

0.9385
MATLAB EXPO 2018

‘MathWOl‘kS’" Products  Solutions Academia Support Community Events

File Exchange

MATLAB Central »  Files  Authors Tags Comments My File Exchange  Submit
About

speech2text
“heils worls” ! version 1.0 (109 KB) by MathWorks Audio System Toolbox Team
Automatic speech-to-text conversion

https://www.mathworks.com/matlabcentral/fileexchange/65266-speech2text
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[[Jwhile ishandle (hui)

% Audio acquisition (from file)
readaudio () ;
levelChannels (rxAl1l) ;

% Event segmentation and DOR

[toTune.doa, segmentation, eventsDetected] = bufferAndSearch(inall, fs, searchBufferLength):
% Point array towards estimated DOR

toTune.pointingTheta = toTune.doa;

% Select correct subarray for pointing

correct subarray for pointing

Current Folder

GuezzedBaseline

4\ MathWorks

ConfidenceBas

Harvard H1
= H1 Gab BlueCoin... True
&) 1wav 231 KB
@] 2.wav 217KB
égi:: iﬁig "the birch cance 3lid on the smooth planks™
@] Sawav 269 KB " & large size in stockings is hard to sell™
[&] Bwav 251KB "glue the sheet to the dark blue background”
(] 7.wav 23 KB "its ea3sy to tell the depth of a well™
& Bwa o Kt "these days a chicken leg is & rare dish"™
&) Gowav 2TTKB
@] 10.wav 269 KB "rice is often served in round bowls™
E | H1Gab BlueCoin... "the juice of lemons makes fine punch”
(6] 1.wav 241 KB "the box was thrown beside the parked truck”
% ;::: ;:; Eg "the hogs were fed chopped corn and garbage™
&) 4wav 293KB e ™
|®] 5.wav 269 KB
&) Bowav 233 KB
@] 7.wav 321 KB
@] B.wav 245 KB
&) Gowav 311 KB
@] 10.wav 287 KB
=] H1 Gab Headset
&) 1wav 233 KB
@] 2.wav 263 KB

"the birth canal we 3lid cn the smooth planks™
"a large size in stockings is hard to sell™
"blue the sheet to the dark blue background”™
"it's easy to tell the depth of a well”™

"these days a chicken leg i3 a redfish”

"rice is coften served in rum balls™

"the cheese of lemons makes flying punch™

"the box was thrown beside the box truck™

"the Hawks were fed chops corn and garbage™

0.74933

0.5366
0.550039
0.87403
0.86686
0.585944
0.79089
0.827948
0.8182a83
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Building a small speech dataset quickly

= Spokenbentences
= InitialTests

@ Twav
zDatasetRecorder - O > & E.WE"J'
: & J.wav
Rec 1 Play Store -
| @ dwav
Recording Subfolder ‘ cabriele ‘ =
® S.wav
R ‘onehﬂothreetesttesttest(ﬂ} ‘ ':E.' E'.".I".I'E"n"
SpeakerName & ?.WE"J
‘ Gabriele Bunkheila ‘ J
@) B.wav
SpeakerGender ‘ Male ‘
SpeakerAge ‘41 ‘
LEnTEgE ‘ English ‘
Device ‘ Plantronics Blackwire 325 ‘
MicrophoneDistance ‘ Close ‘
Sentiment Filename SampleRate MunChannels MumSamples DateRecorded
EnvironmentType ‘ Home ‘
"Heutral™ "Heutralil.wav"™ 16000 2 T3728 11-Sep-2017 11:59:57
EnvironmentSize ‘Sma” ‘ "Neutral" "Neutrall2.wav" 16000 2 62974 11-5ep-2017 12:00:22
"Neutral"” "Neutral\3.wav" 16000 2 1.1674=2+405 11-Sep-2017 12:01:00
Sentiment ‘Neutral ‘ "Neutral™ "Heutral'd.wav"™ 16000 2 1.0701e+05 11-Sep-2017 12:01:22
"Neutral"™ "Neutrali.wav" 16000 2 a04lé 11-5ep-2017 12:01:41
"Heutral™ "Heutral'\ &.wav"™ 1&000 2 1.9251e+05 11-Sep-2017 12:02:30
"Heutral™ "Neutral\7.wav" 16000 2 1.3107e+05 11-Sep-2017 12:03:04
"Heutral™ "Heutrallg.wav™ 16000 2 f4512 11-Sep-2017 12:03:23

MATLAB EXPO 2018
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Building a small speech dataset quickly
How to accelerate speech content labelling?

Harvard Sentences

The birch canoe slid on the smooth planks.

Glue the sheet to the dark blue background.
It's easy to tell the depth of a well.

These days & chicken leg is a rare dish.

Rice is often served in round bowls.

The juice of lemons makes fine punch.

The box was thrown beside the parked truck.

The hogs were fed chopped corn and garbage.
Four hours of steady work faced us.

A& large size in stockings is hard to sell.
Harvard Sentences

The boy was there when the sun rose.

A red iz used to catch pink salmon.

The source of the huge river is the clear spring.
Kick the ball straight and follow through.

Help the woman get back to her feet.

A pot of tea helps to pass the evening.

Smoky fires lack flame and heat.

The soft cushion broke the man's fall.

The salt breeze came across from the sea.

The girl at the booth sold fifty bonds.
Harvard Sentences

The small pup gnawsd a hole in the sock.

The fish twisted and turned on the bent hook.
Press the pants and sew 3 button on the vest.
The swan dive was far short of perfect.

The beauty of the view stunned the young boy.
Two blue fish swam in the tank.

Her purse was full of useless trash.

The colt reared and threw the tall rider.

It snowed, rained, and hailed the same morning.
Hgf.ijr;‘fgjﬁgﬁﬁei”“d for pleasure. " & large size in stockings is hard to sell™
Hoist the load to your left shoulder.
Take the winding path to reach the lake.
Note closely the size of the gas tank.
Wipe the grease off his dirty face.
Mend the coat before you go out.

X
iy

>>» harvard[1l}

I

10=1 string array

"the birch cance 3lid on the amooth planka”™
"glue the sheet to the dark blue background™
"its easy to tell the depth of a well”
"these days a chicken leg is & rare dish"
"rice iz often served in round bowls™

"the juice of lemons makes fine punch”™

"the box was thrown beside the parked truck™
"the hogs were fed chopped corn and garbage™

I =

"four hours of steady work faced us™

[t N I R SR NTI R T e B Y I P N S e R L R T

=

wawN e R

http://www.cs.cmu.edu/afs/cs.cmu.edu/project/fgdata/OldFiles/Recorder.app/utterances/Typel/harvsents.txt

MATLAB EXPO 2018
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Building a small speech dataset quickly
Example: an App with automated content labelling

= Harvard H1

‘4 Dataset Recorder — O . = H1 Gab BlueCoin Clase
[&] 1wav
[&] 2wav
| Rec | Play Store |@] 3.wav
[&] 4wav
. & 5.
Recording Subfolder H1 Gab ElueCoin Close [&] 5wav
[&] B.wav
[&] 7.wav
- _ [&] Gowav
the hirch canoe slid on the smooth planks
E— [&] 10.wav
peakertame glue the sheet to the dark blue background = H1 Gab BlueCain Mid
its easy to tell the depth of a well |&] 1.wav
SpeakerGender these days a chicken leg is a rare dish |®) 2.wav
rice is often served in round bowls [®] 3.wav
the juice of lemons makes fine punch [&] 4wav
SpeakerAge the box was thrown beside the parked truck [&] 5.wav
the hogs were fed chopped corn and garbage [&] B.wav
Language four hours of steady work faced us |®] 7.wav
a large size in stockings is hard to sell |©] 8.wav
[&] 9wav
Device . (@] 10.wav
BlueCoin beta B HiGab Headset
[&] 1.wav
MicrophoneDistance Close (& 2.wav
[&] 3.wav
[&] dwav
[&] 5wav

[&] Bwaw

MATLAB EXPO 2018
40



Building a small speech dataset quickly

4| Dataset Recorder

Fec

Fecording Subfolder

SpeechContent

SpeakerMame

SpeakerGender

Speakerfge

Language

Device

MicrophoneDistance

MATLAB EXPO 2018

H1 Gab BlueCoin Close

the hirch canoe slid on the smoc

the hirch canoe slid on the smoc
glue the sheet to the dark blue b
its easy to tell the depth of a wel
these days a chicken leqgis a rar
rice is often served in round bow
the juice of lemons makes fine p
the box was thrown beside the g
the hogs were fed chopped corn
four hours of steady work faced
a large size in stockings is hard

BlueCoin heta

Close

4\ Audio Dataset Recorder - audiorec_002

FILE
Data Browser
w Audio Files
audiorec_D01
audiorec_002
audiorec_003

DATASET RECORDER

New Load | Save
Session Files  Files

Recorder Default v &
Sample Rate {5000 - |Hz
DEVICE
® audiorec_002

w Audio File Info

audicrec 00Z:

Channels:
Sample Rate:
Duration:
Compression:
Last Modified:

Ready

*See also Dataset Recorder App prototype in example "Record

1 1 |Emotion
16000 Hz 2 |word
3.520 3 3 |Gender
Uncompressed 4 |Age

ZZ-Jan-2018 03:15:

SETTINGS

Label Name

EI_I:I _j —LlﬁJ Player Default - @ Filename Prefix

audiorec_

@

Record Play Stop

PLAYREC

Audio Waveform

Audio File Labels

Calm
Hello
Male
28

Value

M

T = 00:00:00.000

Audio Datasets" (From R2018a in Audio System Toolbox)

&\ MathWorks
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Harvard H1
=] H1 Gab BlueCoin...
&) 1wav
@] 2.wav
@] 3.wav
&) dowav
|®] 5.wav
&) Bowav
&) Towav
@] B.wav
&) Gowav
@] 10.wav
=] H1 Gab BlueCoin...
&) 1wav
@] 2.wav
@] 3.wav
&) dowav
|®] 5.wav
&) Bowav
@] 7.wav
@] B.wav
&) Gowav
@] 10.wav
=] H1 Gab Headset
&) 1wav
@] 2.wav

231 KB
217 KB
209 KB
249 KB
269 KB
231 KB
233 KB
269 KB
277 KB
269 KB

241 KB
227 KB
239 KB
203 KB
269 KB
233 KB
321 KB
245 KB
31 KB
287 KB

233 KB
263 KB

4\ MathWorks

[[Jwhile ishandle (hui)

% Audio acquisition (from file)
readaudio () ;
levelChannels (rxAl1l) ;

% Event segmentation and DOR

[toTune.doa, segmentation, eventsDetected] = bufferAndSearch(inall, fs, searchBufferLength):
% Point array towards estimated DOR

toTune.pointingTheta = toTune.doa;

% Select correct subarray for pointing

correc

subarray for pointing

True GuezzedBaseline ConfidenceBas

"the birch cance slid on the smooth planks™ "the birth canal we 3lid cn the smooth planks™ 0.74933
" & large size in stockings is hard to sell™ "a large size in stockings is hard to sell™ 0.9366
"glue the sheet to the dark blue background”™ "blue the sheet to the dark blue background”™ 0.9500%
"its ea3ay to tell the depth of a well”™ "it's easy to tell the depth of a well”™ 0.97403
"these days a chicken leg is a rare dish"™ "these days a chicken leg i3 a redfish” 0.86686
"rice is often served in round bowls™ "rice is coften served in rum balls™ 0.959448
"the juice of lemons makesz fine punch”™ "the cheese of lemons makes flying punch™ 0.790849
"the box was thrown beside the parked truck™ "the box was thrown beside the box truck™ 0.82796
"the hogs were fed chopped corn and garbage™ "the Hawks were fed chops corn and garbage™ 0.81863
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4\ MATLAB R2017b -

ELED@@FM““ £ = "“"E’»I’.‘.' > [ Sacton @

|5] compare + gGoTov C

<@ = E & | » C» Users » gbunkhei » Desktop » AES Material » Booth Demos » Background » Voice Interface with BlueCoin » 10. Test With Google Speech » Ref » > P

Workspace [Command History | Current Folder [GM ¥ Editor - assessSpeechRecognitionPerformance.m CR Command Window 1
[ Name ~ Size Type Date M... | | assessSpeechRecognitionPerformancem - | + | _
@ | Harvard H1 Folder e L I e g I

lmGhtec. ot aglle ) Ik merer i suors e
¢ 1.wav 231 KB WAV File  13/0.. L . d
¢l 2.wav 217 KB WAV File 13/0... 19
@ 3.wav 209 KB WAV File 13/0... S0 — .
= T P F!Ie s Sl L trueStrings = repmat ("",l,numFiles);
Z'Wav ;653? EE xiz E:e Ejg 22 = guessedStrings = repmat("",l,numFiles);
“ b.wav e 23
¢ 7.wav 253 KB WAV File 13/0..] 24 — [while hasdata (ds)
? 8.wav 269 KB WAV File 13/0... 1| 25 % Read audio file content
¢ 9.wav 277 KB WAV File 13/0 26 — entry = read (dS) ;
¢ 10.wav 269 KB WAV File 13/0.. M| 27 — X = entry.samples;
& H1 Gab BlueC... Folder 13/1...0 |28
“ 1.wav 241 KB WAV File 13/0..0 |29 - fprintf ('Sending "%s"...\n',entry.labels.SpeechContent)
¢l 2.wav 227 KB WAV File 13/0...0 |30
¢l 3.wav 239 KB WAV File 13/0...41 31 % Send ORIGINAL audio to cloud service and get transcription
¢ 4.wav 293 KB WAV File 13/0.. Ml 32 ~ [outString, outInfo] = speech2text(x(:,1l) , entry.fs):
“l 5.wav 269 KB WAV File 13/0... 0| 33
¢ 6.wav 253 KB WAV File 13/0... |[|34 % Store reults 1
¢l 7.wav 321 KB WAV File 13/0... ||3S= ki=k + Iy
¢ 8.wav 245KB WAV File 13/0... |36 — conf (k) = outInfo.confidence;
9 9 wav 311 KB WAV File 13/0.. 0 ||3%im trueStrings (k) = entry.labels.SpeechContent;
¢ 10.wav 287 KB WAV File 13/0... |38~ guessedStrings (k) = outString;
8 H1 Gab Head... Folder 13/1... ||3°
4 1.wav 253KB WAV File  13/0.. |[40~ ~end
5 2. wav 263KB WAV File  13/0.. |41
@ 3.wav 271 KB WAV File 13/0..., AP tResults = table(trueStrings', guessedStrings', num2str(conf'),...
D ~ ||43 *VariableNames', {'True';,; 'Guessed', 'Confidence',. .. "

(1111

- | script [Ln 13 Col 23




4\ MATLAB R20170

FANE!

-

e

ol ,:k}‘.(!frf it R o),

Wriipaee — 'rm\'ru;dHur.-‘
| fame Size
E  Harvard H1
H1 Gab Blue...
T.wav 231 KB
2.wav 217 KB
3.wav 209 KB
4 wav 249 KB
5.wav 269 KB
b.wav 251 KB
© 7.wav 253 KB
8 wav 269 KB
< 9 wav 277 KB
10.wav 269 KB
H1 Gab Blue...
1.wav 241 KB
2.Wav 227 KB
3.wav 239 KB
4.wav 293 KB
5.wav 269 KB
b.wav 253 KB
7.wav 321 KB
8.wav 245 KB
9,wav 311 KB
< 10.wav 287 KB
H1 Gab Head...
1.wav 253 KB
2.wav 263 KB
3. wav 271 KB

Current Folder

Type
Folder
Folder
WAV File
WAV File
WAV File
WAV File
WAV File
WAV File
WAV File
WAV File
WAV File
WAV File
Folder
WAV File
WAV File
WAV File
WAV File
WAV File
WAV File
WAV File
WAV File
WAV File
WAV File
Folder
WAV File
WAV File
WAY File

Date M.,
13/1..
131...
13/0...
13/0...
13/0...
13/0...
13/0...
13/0...
13/0...
13/0...
13/0...
13/0...
13/1..
13/0...
13/0...
13/0...
13/0...
13/0...
13/0...
13/0...
13/0...
13/0...
13/0..
13/1...
13/0...
13/0...
13/0...

o ﬂag_,

T"’-_"“"";—""'

» Co» Users » gbunkhe » Desitop » AES Material + Booth Demos » Background + Voocclmetlocewnh Blw(om » 10, lmwwnGooglc Speech » Rcc 4

—

,J E3 Qnunm- dﬁ u,aga-uw

(- Setuh
7’(.—“—— e B ‘; >\a-. rﬁw‘ LN\‘,T'

-'?'—

b ! TN

| S>> |
<

= —

"its easy to tell the depth of a well"
"these days a chicken leg is a rare dish"
"rice is often served in round bowls"

"the juice of lemons makes fine punch"

"the box was thrown beside the parked truck"
"the hogs were fed chopped corn and garbage"
"four hours of steady work faced us"

"the birch canoce slid on the smooth planks"
" a large size in stockings is hard to sell"
"glue the sheet to the dark blue background”
"its easy to tell the depth of a well"
"these days a chicken leg is a rare dish"
"rice is often served in round bowls"

"the juice of lemons makes fine punch"

"the box was thrown beside the parked truck"
"the hogs were fed chopped corn and garbage"
“"four hours of steady work faced us"

"the birch canoe slid on the smooth planks"
" a large size in stockings is hard to sell"
"glue the sheet to the dark blue background”
"its easy to tell the depth of a well"
"these days a chicken leg is a rare dish"
"rice is often served in round bowls"

"the juice of lemons makes fine punch”

"the box was thrown beside the parked truck"
"the hogs were fed chopped corn and garbage"
"four hours of steady work faced us"

L 2 Search Documentation

"it's easy to tell the depth of a well"
"please days a chicken leg is a red dish"
"rice is often served in round balls"

"the juice of lemons makes wine punch"

"the box was thrown beside the parked truck"
"the Hogs were fat chops corn and garbage"

"4 hours of steady work faces"

"the first canoe slid on the smooth planks"

"a large size in stockings is hard to sell"”
"do the sheets to the dark blue background”
"excuse me to tell the depth of a well"

"these things of chicken leg is a redfish"
"price is often served in ramen bowls"

"but use of lemons makes fine punch"

"the box was thrown beside the parts truck"
"Bogs Boots at Shopko in garbage"

"4 hours of study worth-based office"

"the birth canal we slid on the smooth planks"
"a large size in stockings is hard to sell™
"glue the sheet to the dark blue background"
"it's easy to tell the depth of a well"

"these days a chicken leg is a red dish"

"Ross is often served in round balls"

"the Jews of lemons make spine punch"

"the box was thrown the side in the park truck"
"the Hawks were fed shop score and garbage"
"4 hours of steady work phase dust"




How Can I...

1. Design a microphone array system?

2. Validate my voice interface can work
In real-life scenarios?

3. Understand what else can
help me improve my performance?

MATLAB EXPO 2018
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Summary

= |nnovate

= Reuse

= Prototype

MATLAB EXPO 2018

DOA - True: 40° vs. Estimated: 45°

% Direction to estimate
incidentAngle = [40;0];

+| p—

Dataset Recorder

. ™ Recording Subfolder
% Theta increments \\\ //
thetaStep = 45; \\ //ﬂ.\ SpeechContent
steeringThetas = -180:thetadtep:18 — // ™
steeringAngles = [steeringThetas; SN e
4100 50 0 50 100 150 200 SpeakerGender

frameSize = 512;

3 = beamformArraysSpecificationsDOA(

' SpeakerAge

Rec

H1 Gab BlueCoin Close

‘ the birch canoe slid on thy
Gabriele Bunkheila

WMale
R

Ie"

PROCESIING -
N

Anyone out there

Az 90
EIO
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