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[ARIEL sings]

Come unto these yellow sands,

And then tale hands:

Curt’sied when you have, and kiss’d,

(The wild waves whist;)

Foot it featly hear and there;

And sweet sprites, the burden bear.
[Burden dispersedly.]

HARK, hark! bowgh-wowgh: the watch-dogs bark,

Bowgh-wowgh.

Ariel. HARK, hark! I hear

The strain of strutting chanticleer

Cry cock-a-doodle-doo.

Ariel’s Song, The Tempest, Act I, Scene II, William Shakespeare
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0 1.1: Nodes and Tools provided by HARK 1.2

oo ooooo | 000000 | 00

Oo0oo0 | AudiolO AudioStreamFromMic goooooooo
AudioStreamFromWave oooooooooo
SaveRawPCM ooooooooa
SaveWavePCM OOwAVDOOOOOoooooo
HarkDataStreamSender oboboooooog

ooo Localization ConstantLocalization oooooooo

gooo DisplayLocalization gboboobo

oa LocalizeMUSIC gooo
LoadSourcelocation oboboooooooog
NormalizeMUSIC LocalizeMUSIC OO OO DOODOODOO
SaveSourcelLocation ooo0ooooooooo
SourcelntervalExtender oooooooooo
SourceTracker onooo
CMLoad oooooooooooon
CMSave ooooooooooo
CMChannelSelector opooDoDoooooog
CMMakerFromFFT oopooooo
CMMakerFromFFTwithFlag ooooooo
CMDivideEachElement 0oo0DoDOoDooooooon
CMMultiplyEachElement oo0oooooooooo
CMConjEachElement ooooogo
CMinverseMatrix opooooooog
CMMultiplyMatrix oooooog
CMIdentityMatrix ooooobooooo

oo Separation BGNEstimator gboogoo

oo BeamForming oooo
CalcSpecSubGain 0D0DO0DOooDooooooooooooon
CalcSpecAddPower oo0ooooooooono
EstimateLeak ooooooooooooo
GHDSS GHDSSOOOOooono
HRLE oo0o0oOoDoOoooooon
PostFilter oooooooooooooon
SemiBlindICA 0DOo0DOooOoo IIcA0DOooooo
SpectralGainFilter oooooooogao

ooaod FeatureExtraction | Delta AOOO
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r For Ubuntu ~

Ubuntu 1204 000000000000 COOOCO0OOO00OOO0O0OOOOOOOCOOOOOOOOOO0O0
0000000000000 0000000000000000000000 D0 000 HARK installation
instructions 00000000

Oo0ooooooDDoODOooooOoOoooaoo oooDooooDoDoooDoaoao.
> sudo apt-get update

> sudo apt-get install harkfd harktool4 julius-4.2.2-hark-plugin hark-designer
N J
000000000000 DOO00DO000000oDbOO0o0bOo00oo0DbOOo0o0DObOOoO0DbLDOoOoooOoooOoooo
00000 HARK installation instructions D 0 0 0 000000 000O0OOODOOOOO

3.22 WindowsU O OOODOGOOoOOo

Windows 00 0000000000000 0O0DOOOOODOOO0O00O0ODOOOO0OOO0ODOOODbOOO
goooooooo

1. HARK

2. FlowDesigner for HARK

3. HARK-SSS

4. HARK-Python(for Python27 32bit)
5. HARK-Julius

6. WIOS

HARKWeb OO0 0000000000000 O0COO0O0OO0OO0DOOOO0DOOO0O0O0O0COOCOO0OOHARK
gooooooobooooboooooboooboooobooboooobobOobDoobooboboOoDooo
ocooooooo@OUuoboooob.coooooooboooooDoOoooooDobooooDboboO S ooo

HARK for Windows - InstaliShield Wizard ﬂ

by T 94T

B =
W7 =20
= % FATOTOT INBERA VAILLET . (BROTAIEBENELLET)

B hASIL(S
EllllE RIS e ERRS S TR HRtACEA0T-Y - CEEsLET.

| InstallShield: ESa

g3l:gbooooobooogn
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B HARK for Windows - InstallShield Wizard ||

NS YT

42— L FTBTOITLOBEEFERL TR,
HARK
FlowDesigner for HARK
HARK-S5S
HARK-Python (for python27 32bit)
[THARK-Tulius
THARK-WIOS

InstaliShield: Al

03200000000000000

1! FlowDesigner for HARK - InstallShield Wizard

RIS
SROERRF AR EF IR R BRI

GMU LESSER GEMERAL PUBLIC LICENSE -
Version 2.1, Februarny 1959 @

Copyright (G) 1991, 1985 Free Software Foundation, Inc.

559 Temple Place, Suite 330, Boston, MA 021111307 USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

[This iz the first released version of the Lesser GPL. It also counts
as the successor of the GMU Library Public License, version 2,

hence -
@ PR EARIE LET(A) ERI(P)
O {ERFFEIDEAIEELERA(D)
Installshield
[ <Eam [ = | [ setn |

03300000000
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323 WindowsU O OOODOOOOOOO

Windows 00 000000000000 0OO0ODOOOOODOO

1. 000000 -0OHARKD -0000000D00O
2. 00000000000 -000000000000000O

3. 000000000

1.0000000000O000O00OHARK Designer 0000000000000 OCOO0OOOOOOOO
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HARK for Windows Uninstall |i|

[HARK for Windows] &7 - 22 b—JLLZET. [HARK Designer]
CPw 70— RUIZTF—9ZEBULTANTTH ?

UploadData Path
C:¥ProgramData¥HARK¥hark-Designer¥userdata¥networks
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3.3 HARK Designer

HARKOOOOO 1990000000000000 GUIODOOO0O00O000O FlowDesignerDOOOOO
WebOOOOOOOODODDO GULHARKDesigner 100000000000 O0ODODOOOOO FlowDeisnger
O00000D0O0000OD0O0O0O0O0OHARKDesigner 00000000000 OO0OODOODOOOO

3.3.1 Linux [

O 360 HARKDesigner 010000 0O0OO0OODOODOODO HARKDesigner D ODOODOODOODO,0000
O00d0O sudoer 00O OO QOOOO
> hark_designer

HARK Designer Execute ‘ File ‘ save | Clear ‘ preference ‘ Help |

Status:
+
File Name:
- i +
Node list * I man

HARK:MISC
HARK: AudioI0

HARK:Localization

HARK:Localization:CorrelationMatrix
HARK:FeatureExtraction
HARK: MFM

HARK:ASRIF
HARK:Separation

I0

General

Flow

Vector

Logic

ZDeprecated

Matrix

Operator

Probe

Network

Found
Test

O 3.6: HARK Designer O [0 O

3.3.2 Windows []

Windows 00 HARK Designer U0 0 0000000000 0O0O0O0OD [CO0OO0]-[00O00O0O] - [HARK]
00 HARK Designer 0 0 0000

Ub0oO000ooo0o0O0obO0obO0b0obO0obo0o0ooco00O00n0dndOnnodejsdFlowdesignerd OO O OO
PATHOODOOOOOOOOOOODOFowdesiger U0 OO 000000000000 O0DOOOODOOOODOO
gbooobooooboobooog
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OO0O0O0O0OFlowDesignerd HARK OO0 D0O0OO0000D0O0O0OO0O0O00ODOOOOOHARK OODOOOO
gboooboooobooboo 20000000000

e JOOODODOODOO
e JOOODOODOODOOOOODOO

uboabuoobooobgbooaoboan
gooobobo0oobooboooooboboboooobooogob soooooDo

O od oooooood
int ooo ooo

float ooooooooo ooo

string ogoood oon

bool ooo ooo

Object ooooogo FlowDesigner 0 O O

subnet param OO0OOO0OODOOO0O  FlowDesignerO OO

int, float,string,bool , 0 0 00O0OC++ 00000000 0O0OODOO0OODOO0OOOOODODO C++00O
OO0 0OO0Object Osubnet_param 00O 00O OFlowDesigner 00000000 OOOObject O, FlowDesigner O
OO0 Object 0ODOOOOODODOOCOOODODOODOOODODOOUOOUODOOODOHARK ODOODOO
0000000000 ObjectOOVector 00O O MatrixOODOOODOOODOODOOODOODOO ObjectO
0000000000OVectord MatrixODUOOODODODODODODODOOODOOODOODODODOODODOODOODOO
O00000O00o0OOoboboOo0boOoOoboOdobject 0D 00DO0OO0ODOOODOODOOODOO(@UOD <Int
1>0000 Object 0ODOOO0OOODOOOCOODOODOOsubnetparam 000000000 0O0OOODOOOO
goo0obOdbOO0o0ooO0obOOoO0obOooDOoboooooboboooooo

gooooobooooooooood

goooooobooooobobooooobooobooboboobOooboboooboooDobooooboooobooo
FlowDesigner0 GUIO O OOOOOOOODOOOOOOODOODOOOOOOODOODODOOOOOODO
oood
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O oo goooooo

any Any O FlowDesigner 0 0 O

int ooo ooo

float oooooobooog oono

double ooooooboood oono

complex<float> gooooooooooo oOod

complex<double> O0O00O00OO0O0O0O0OO OO0

char goog goo

string ogoood aoo

bool ood oono

Vector goo FlowDesigner DO OO0 QOO
Matrix goog FlowDesignerO O OO0 OO
Int ooo FlowDesigner 0 0 00000
Float oooooobooog FlowDesigner 0 000000
String good FlowDesigner 0 0 0O 000
Complex good FlowDesignerD O OO OQOO
TrueObject oooooo FlowDesigner 0 0 00000
FalseObject ooooood FlowDesigner 0 0 00000
nilObject ooooogno (nil) FlowDesignerD O OO O QOO
ObjectRef goooooooba FlowDesigner 0 0 O

Map oood HARK OO0

Source goooo HARK OO0

any00000000000000000000000OFlowDesignerD0OD00O0O0OOOOO4int, float,

double , complex<float>, complex<double>, char, string,bool OOC++ 000000 OOOOOOO
0000000000000 C++0000000000000000D0OObjectdOODOOODOOOOOO
O0D00O0ODDO GenericType<T> DOOOO0OInt,FloatOOOODOObject OO OOODOOOOOODOOO
000000000 0DO00D000DO0O0OString, Complex OO GenericType 000000 OO std:string,
std:complex D0 00000000000 DO0OO0OODO0ODOOO string, complex 0 Object DO O OOMO
O0000000DO0O0DO0O0OO0O0OODOFlowDesignerd ObjectUOOODOOODOOODOOOOOOO
OO0 FlowDesignerUDODOODOOOOODOODOOQOOTrueObject, FalseObject ,nilObject DO DO OOO
true, false, nil 00000 Object 0O DOODOODOOOOFlowDesigner 000 O0OO0OOOOOOOOO
OO000O0OVector,Matrix OO ODODOOODOODOC++ 0 STLOODOODO FlowDesigner 00O O0OO0O0O0O
ooo0oobOo C++ 0 STLOOOO0bOOooooooboooogoo

ObjectRef 00D 0OO00OO0DOODOODOOUODOODOODODOOOOODOODO FlowDesignerOO4onoonO
OO000OVector,Matrix, Map OO OO O0O0OODOOODOODOODODO

Map OOC++ 0O STLOOOODODOODO FlowDesignerCOOOOHARK DO O0OOOODOONODO Source 00O
0000000000000 HARK OOOOOODOOOOO

00000000000 UOOFlowDesignerDOO0DOOOOOOO0ODOOODOOOOOODOOODOOODO
000 FlowDesignerUOOODOOOOODOOO 4.1 00AudioStreamFromMicO OO 0O AUDIODODOOOO
O000000O0OO0OO000O0OOgOFlowbesignerd 0000 AUDIO (Matrix<float> Windowed multi-channel
sound data. A row index is a channel, and a column index istime. O 0 0 0 0 OAUDIO O 0O 0O 0O Matrix<float> [
0o0o0ooooo0ooooooooooooooooooo0ooooDoo0oooDoooogoooood
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File Name:
+
- |MAIN
AudioStreamFromWave
node_AudioStreamFromwWave 1

INPUT AUDID

NOT_EOF

041:00000000000

ocooooobooboooooooooooobooooooboboo0ooooDooo0ooboOoboooOoDobOog
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41 OO0

int 0 float O double, bool O char, string, complex (complex<float>, complex<double>)O OO OO
000 C++000000000000D0D0C0O0O0OHARK DO0O00O00DO00OO0O0O0O0o0oOooooooOooon
(0000 FFTOOOOD)OD int000000000D0O0000000DO0 fleatOOOOOOOOODOOO
00020000000000bool0000000D00OOOOOODOOOOODOOODOO string0d0O0O0
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O0Vector,Matrix OO0 ODO0OO0OO00OD0O0OODOOOOOOODOODO (double O0) O O FlowDesigner O
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4.2 FlowDesigner (1 1 00000

Int,Float, String, Complex OO0 OO0 Oint, float, string, complex [ Object OO OO OTrueObject,
FalseObject O bool OO true, falseOOOOO Object D0 O0OnilObject O OnilOO OO0 Object O
goodobOoO0ooO0bOoO0bOooc++0b00D00OD0O0OOODbDOoOO(STLHOODODOOO FlowDesigner O
O Object D00 OO0D0O0ODOODOODOODOOOODOVector,MatrixOOOOODOOODOODOOODOODOODOO
ooo

4.2.1 Vector

000000000000000OVectorJO0O0ODO0O0D0OODOOODOODO ObjectRefOODOODOO
Vector< Obj > OO (int 0 float)O OO O OO Vector< int > OVector< float > DO OOOOO0O

O000O00D0DOO00D0DO000O0O0OConstantLocalization 000000 OO0O O O LocalizeMUSIC OO OO O
doo0doodonooooooooood

OO0D00OVectorOOODODOOOOBaseVector O OFlowDesigner 000 O0OOOO0OOOODOOOOOCOOO
OO0d0O0OVectordO STLO vector 00 OOOOOODO

template<class T> class Vector : public BaseVector, public std::vector<T>

Conversion O OOOOO0O ToVect 00O 0O0intOfloat 000000000 OCODOOOOO 10000
Jodd vectorddoooooo

O00oooooooooood vectorJOOOOODDODDODOO0O0O0OOOOOOO ObjectO OO
0000000000 bOO0o0oogoooao

000000000 304000 intO0O VectorJOOOOODODOODOODOOOO4200000000
00oooooooobobooooobdooUdnD <00oobobooogooovectorOooooonQ
oooodoooooood
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VALUE | object v ||[<Vector <int> 3 45] |
OK Cancel

0 4.2: VectorOQO OO

4.2.2 Matrix

000000000000 Matrix<complex<float> >0 0 Matrix<float>0O O OOOOOOOOO0O0O
do0o00oooboOoobooooooooooooao

Matrix OO OOODODOOODDOOODDOOODDOMuUltiFFT (OD0O0O0ODO)OLocalizegMUSIC(OCOOO)OO
O0000O0OD0O0OHARK OOD0O0ODOO0OO0O000O0D000DO0000000O0000DO0ODOO0oO0oOooOa
0000000000 (SourceTracker )OO OO IDOOODODOODOOOODOODODOODOOOODOODOO
OMatrixOUOOOOODOODDODOOOOOOOMapOOOOOoooOoOOQOad
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4.3.1 any
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4.3.2 ObjectRef
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4.4.2 Source

0000000000000 O0HARK OO dLocalizeMUSICO 0O O 00 SourceTrackerd 0 0 O OOGHDSSO O
0000000000000 0D00D000000000Od Map<int, ObjectRef>[ ObjectRef 00O O OO
oooooooogoo

Source 000000000 ODOODOOOO

I.ID:int 00000 ID
2. 000:fleat00000DOOOODOOO
3.00:flecat0000 3000000000000 0O0O0ODOOOOODOODOOOO

4. 0000:doubled0000bOO0ooobooooobOo0ooooOOoooOOoOoobOoOoooooOonon
OooooooooOo00o0oooDoobob00ooooDOob0O000O00DDODOSourceTracker O
oooobooooobooobooo.

5. TFOOODOOO:int0.000000D00C0000DOOO0O0DOOOO0O0OOO0O0O00ODODO0O0O0

MFCCExtraction 0 SpeechRecognitionClient D0 000000000000 O0O00O00OO00OOMap<-0->0
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dooddooooooooooooooooog
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Oo00oooooooooo
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0s51:000000000000 HARKOOODOO

agood agood gooooda goooood aoo
SaveRawPCM oo Raw Audio OO OO Raw Audio Format | O O
SaveWavePCM od Wave 00O 0O PCM Wave Format | O O
LocalizeMUSIC 0000000 |D00oooogooooog | Zip HGTFOOODO
SaveSourcelocation | OO oooooooooo XML oooooooo
LoadSourcelLocation | OO O OO ogooooooood XML gooooooo
GHDSS 0o0ooooo |Dbobooooooooo | Zp HGTFO O OO
0000000 |D000oo0ogooooog | XML HARKOOODO
0000000 |Doooooooooo XML HARKOOODO
goooooo (goobboooooo Zip HGTFO O QOO
oo gooooooo Zip HGTFO O OO
SaveFeatures gd goooood Matrix 0 O 0O 0O float OO OO
SaveHTKFeatures 0o goooood HTK O O 0o
Datalogger oo MapOQOQOGQOQooQg XML Map OO OO
CMSave goood gooooooo Zip gooooooo
CMLoad 0o gooooooo Zip gooooooo
JuliusMFT gooog gooood jeonf (D ODOO) 0o
0000000 |oooopooooooo julius 0O 0O od
0000000 |oooooood julius O O od
harktool harktool oo0ooooooooo XML sccinfO0 000
harktool goooooooood PCM Wave Format | float 0O OO
ooooood
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<hark_xml version="1.3">

<config>
<comment>Test file</comment>
<SynchronousAverage>16</SynchronousAverage>
<TSPpath>/home/tsp.wav</TSPpath>
<TSPOffset>2</TSPOffset>
<PeakSearch from="0" to="100"/>
<nfft>1024</nfft>
<samplingRate>0</samplingRate>
<signalMax>0</signalMax>
<TSPLength>0</TSPLength>

</config>

<positions type="tsp" coordinate="cartesian">
<position x="0.100" y="0.100" z="0.100" id="0" path="/home/tspl.wav'"/>
<position x="0.150" y="0.100" z="0.100" id="1" path="/home/tsp2.wav"/>
<position x="0.200" y="0.200" z="0.200" id="2" path="/home/tsp3.wav"/>

</positions>

<neighbors algorithm="NearestNeighbor">
<neighbor id="0" ids="0;1;2;"/>
<neighbor id="1" ids="1;0;2;"/>
<neighbor id="2" ids="2;1;0;"/>

</neighbors>

</hark_xml>

Os1:XMLOOODOOOOOOOO

ooo

uboobdboooboboboboboboboboboboooboboboobdbUcomment 000
gbooobooboobgooooboo

comment 0000000000 0O0O0OO0OOO0ODOOOOO

SynchronousAverage 0 000000000 (TSPOO0)OOODOODOOODOOODOOOO
TSPpath 0000000000 (TSPO0)DOUODOOOO0ODOODODD /home/tsp.wav
TSPOffset 00O 00000000 O0ODOODOOOOODOODOOODOODOOO

PeakSearch 20000 from0O toO0O000O0OD0OOOOODOODOOODOODOOOODODOOODOODOOOO
ooooboooobooboooobooboooon

nfft 0 0000000000000 00O0DO00000O0b0o0ooooDoon

samplingRate 0 0000000000000 0DOOO00O0O00ODOOOOOO0ODOOOODOODOO0O 16000
oooooo

signalMax 00 0000000000000 00O0DOOO0O0O00000000O0WaveOODODO 16bitO
ooo0 327670000000
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TSPLength OO0 00000000 (TSPOD)0 10000000000000O00OOOCDDODO 163840
oooono

5.1.3 positions
00000000000

XMLOOOOOOOOOoOooOoooooboooooao

googoooo
3pooogoooo
type D0 0000DOO0OO0ODOOOOOOODOOOOODOODOOOOOSO0O0 ypeOODOODOO

e noise: 1O OOOOO
e microphone: 00000000

source: 1O OOOOOODOOOOOOO

tsp: TSPOOOOOODOOOOODOO
e mpulse: D0 ODODOO0OOODOODOOODOODOO

coordinate 00000000000 O000OO0O cartesiand 000000 polard OO0

frame DO 0O0O0O0O0O0OO positions 00000000000 OO0O0OOODOOOOOOODO

oono

O00000D0000 positiond OODOODOOOOODOOO
posiions DO OO0 DOOOO0O00ODOOO0ODOOOOOOO

id : positions 00O O0O0OOO0O

path :positions O OO0 OD0OO00OO0OODOO

OO00000000 positions O coordinate 1 00000000 0O0OOOOOO
coordinate =’cartesian” 1 00 O0O0O0O0O0O0O0O x,y,zOOOOOOOOODOOOO

coordinate =polar” 0 0 0 OO0 OO0DOO azimuth, elevation, radius O O 0 azimuth/elevation 0 O 0 O degreel
radivs 00 0O0O00ODOOCOO

5.1.4 neighbors
gooooooobooo

OO0O00000 positionsDO0O0O00OO0OO0OO0O
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goooooo

00000 algoritm OO0 0000000000 O0O0DOOCOODOOODOOOOOOODOOODOOODOOO
0000000000000 0000d NearestNeighbor DO OO UOOOODOOO

ugoo

OO0O000 (position) DO DO O0DOO0O0O0OODO neighbor 0O DOOODOOODOOOO 20000000
oood

id 000000 position idd OO DOOOO
ids idOOO0ODO positiond idO0O0 000000000 O0O00D0OO0O0O00DdODOOO

U000 id0O 10 position 0000 idO 20 position OO OO0O0O0O0O0O00DOneighbor DO0O0O0ODOOMNO
oooooog

<neighbor id="1" ids="1;2"/>

52 MatrixUOQOQOOQd

obooobOobooooboboooooboboooooboobogs20000000

OO0 3200000 HARKO Matrix OO0 0000000 0O000OCO0DOO0O0O0OO00O00 32000000
O000D0O00O0b0O0bO0O00On0O int32, float32, complex 00000000 4000000 400
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53 ZipOO

gobogbooooboobooobooboobooboboobooboboobooboboooboobo
OO00o00oO0oOXMLOOOOOMarix D0 000000 O00DOOOO0O0O0OO0O0O0ODOOO0ODO0OO0OOO0OO0
zipOOOOOOOOOOOOOOOOO0Og
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00000000000 00D0 GHPSSO OO0 Export WOOOOODOOOOCMLoad CMSave DO OO0
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531 0J000OO0O0OO0OoOoOooboOoobooboo
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goo
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00000000 sourcexml OOOOOOOOOOONO localization/ OO0 00000 OOOOOOOOODONO
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dooodoooooooooooooooo
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| - microphone.xml
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IEEEFloat DO OO0OOO0O0O0OO0O0D0OO0DO0OO00 rawO OO0 TCPIPOOOOOOOOOOOOOOOOOO

gbooooboboooobooboospoobooooo

ooooooo

goo

oood

(0boooooooo |

O00000000HARKOOODOOODOOODOOOOO0O0oOoooooooooooooobooooooo

goooboooogn

(boooooo )

0 6.1 O AudioStreamFromMicO OO OO

gooobooogd
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AudioStreamFromMic MultiFFT
node_AudioStreamPromMic_1 node_MultiFFT_1

AUDIO INPUT OUTPUT
LR = CONDITION

Synthesize SaveRawPCM
node_Synthesize_1 node_SaveRawPCM_1

INPUT OUTPUT INPUT SNy OUTPUT

O 6.1: AudioStreamFromMic 0 0 O O

(Doooooo |

AudioStreamFromMic 00 00 0O0O0O0OO0OOCOO0OO0OOOOO0ODOOOOODOOOOODOO

1. 00 RASPO

2. RME Hammerfall DSP 00 0 O O Multiface (ALSA OO O OO 0)O

O0O0O0 RASP 062000 RASPOOOUOOOOHARKOOOOOOOOOODOOO LANDODOO Ethernet
OO00000D0O0 RASPOOODOOOODOO ACODODOOODDOO

OO0 RASPOOO0OOOODOOOOOODOOOODOOOOOODODOOOOOODODOOOOODODOOO
obocooOoboooooboboooboobooooobobooobooboooooon

O 6.2: OO RASP

20 RME Hammerfall DSP Multiface 0 0 0 O 0 6.30 6.4 0 RME Hammerfall DSP O O O O Multiface O O
O0O0doO32bitCardBus 0000000 PCOODOOOOO0O633mmTRSOOOOOO0OO0OO0OOOOOODOOO
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0000000oo0oo00ooooDoo00Doooooooooooo (e OOODOOODOO
RME OctaMic I 0 000 0O OctaMic 1 0 Multiface 00D OO0 O0OctaMic IO OO0 OO0 OOO0DOOODOO0O
0000000000000 oodoD0o0o0000o0do0DoO00oOgoOdDPAO 4060-BMOOODOOOO
0000000000 oo0oo0ooooooooo0oDooDo0ooooooDoooooooooon
0000000000ooooooDooo0o0000000oooooo0oooo0oogggg Sony EMC-C115
0 audio-technica AT9903 0 0 0 0O QO OO

O 6.3: RME Hammerfall DSP Multiface 0 O O

0 6.4: RME Hammerfall DSP Multiface 00 00 [J

gboooboobooboooa

O 6.2: AudioStreamFromMicO OO OO OO

ooooood O goooog (oo | oo

LENGTH int 512 [pt] | OOOD0OODOOOOODOOOOCOOODOOO

ADVANCE int 160 [pt] | DOODOODOOOOO

CHANNEL_COUNT int 8 [ch] | 0DOO0O00ODOOOOO0ODOOOOOOODOOO0OD

SAMPLING_RATE int 16000 [Hz] | DO0O0O0OO0OO0OO0OO0OOO0OO0O0OO0OO0O00000

DEVICETYPE string WS oooobooogogoo

GAIN string 0dB RASPOUOODOOOODOOO

DEVICE string 127.0.0.1 O000O0o00oDOO00DO0OO00DOO “plughw:0,17 0
OobOOoOoO0OOoOoRASPOOOOOODOIPOOODOO
oo
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gon

AUDIO : Matrix<float>0O 000000000 OOOO0ODOOOOOODOOOOODOOOOODOOO
O00DbO0000D0obO0O0b0g LENGTHODOODO

NOTEOF :bool 000000000 DODOCOOOOO0O0O0ODOOOOOOOOODDOOOOOOOOODODOO
O00000true000D0000D00000DDOOOfalsed0000000000O0O0D0O0OO trueld
gooono

gobooo

LENGTH :int0051200000000000000C00000O0OOOCOO0OO00O0ODODOODOOOO0
goboobooobooooboobooboobo0oobooboobobooboO0obo0o0b0oO0DO?20~40[ms]
O00oo0ooOOo0o000ooOb0o0oooO0o0ooDbObO0o0o0oDOo0o0n 16000 Hz]ODODDOOOODODDO
O32ms]O000000O0

ADVANCE :int001600000000000000000O0OO0O0O0O0ODODOOOODOOO0OOODOOO
OO0 16000 [Hz] OO ODOOOODOOOOO0ODOOO0O00 10ms]ODOO0O0OO

CHANNEL_COUNT :int 0000000000 0DOO0OO00OD

SAMPLING_RATE :intJ 0160000 0000000000000 O00O0O0OCOODOO0OOOOOO0ODO
U00 wHz]OOODOOOOODOOOOOOOODOOOOU0D0OO0 2w([Hz]ODODOOOOOOOOOOO
gboooboboooboobobooobOobooooobOoboooobOoboooooboonoo

DEVICETYPE : string 0 O ALSA, RASP, WS, TDBD16ADUSB, RASP24-16, RASP24-32, RASP-LC, NET-
WORKOOOOOOOALSAOODOOODODOODODOODODOODOOO00O0O00o0O000O000 ALSADO
OOD0OORASP2000000000 RASPOODOOODOOO RASPOOOODOOODOWSOOOOOO
TD-BD-16ADUSB O 000 OOOODO TDBDI6ADUSBO OO OO DORASP-240 16bit0 O O0O00OD0ODO
O0000D0D0O0CO00000DDO RASP24-16000000ORASP-240 24bit 00000 O0OO00ODOO
0000000000 RASP24-32000000ORASP-LCO PCOOO LANOODOOOOOOOOODO
OO0 RASP-LCOOOUOOORASP-LCO PCOOO USBOOOODOOO ALSAOODOOMMITCP/IPO
OOOO0OD IEEEfloat 000 raw DO D0O0OO0O0O0ODOOO NETWORKODOOOOD

GAIN : string000dBOOOO00O0OOO0O00OO0O0O00OO0O0DOOODODOOOdB, 12dB, 24dB, 36dB, 48dB [
Uboo0obOooOoORrRASP24000000000000000O00O0O0O00OO0OO

DEVICE : string OODEVICETYPEO OO ODOOOOODOOOOOOOOOOODOOOOO

gooooooo
HARKOOOOOOOOOOoOOOooOOooooooobooo
1. 0000000000000 RASPOOODO

e RASP-2
e OO RASP
o RASP-24
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e RASP-LC

2.0000000000000 TD-BD-16ADUSB[

3.ALSA00000000000000

Microsoft 0 Kinect Xbox

Sony O PlayStation Eye

Dev-Audio [0 Microcone

e RME Hammerfall DSP 0 O O O Multiface
4. TCPAIPOOODODOOOOOOOODDO (IEEE float wav O 0O)

gbooobobooobooboooobooboooooboooooo

RASPOO0ODO:

e RASP2000000OOO

CHANNEL_COUNT 8
DEVICETYPE WS
DEVICE RASP20 IPODO OO

e JORASPOODOOOODO

CHANNEL_COUNT 16

DEVICETYPE WS
DEVICE OO0 RASPO IPOOODO
oo RASPOOODOOODOOOOO 16e000O00O0O0O0OCODOOODOOOOOO

OO00000OO00DOOO00DOO0OO00ODOOO0DOChannelSelector0 000000
AudioStreamFromMicO0 OO0 OO0 AuUDIOOOOOCOOOOOOOOOOOOO
oooobooboooboooao

e RASP24 0000 000O0ODO

CHANNEL_COUNT 9000

DEVICETYPE RASP24-16 0 0 O RASP24-32
DEVICE RASP-240 1POO0ODO
oo O00O00bO0o0oooo 1ebit000O00OO DEVICETYPE=RASP24-16 000 0O

000000 24bit0 00000 DEVICETYPE=RASP24-32 0 0 0O O O OCHAN-
NEL.COUNTOO9OODOOOUODOOOOOOOoooooonoo7o0o0onooon
Od0000oooOospooouoodoooUoooUooDoooooDnooooon
0 O ChannelSelector 0 0 0O O O O O AudioStreamFromMic 0 0 0 0 O O AUDIO
0000000000000 000000000o000oo00oooOooooon

e RASP-LCODODOOOODOO
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CHANNEL_COUNT 8

DEVICETYPE ALSA O OO RASP-LC

DEVICE DEVICETYPE=ALSA OO O0OO0O0O0O plughw:ab OOOOOOODODOOO
U000 ALSAOOO0OO0OO0O0O0COOODEVICETYPE=RASP-LCOOOOOOOO
RASP-LCO IPOOODOOOOODOO

oo RASP-LC O USB O OOOUOOOOOODO pCcOODOOOODO DEVICE-
TYPE=ALSA OOOOOORASP-LCO OO LANOOODO pCOO0OOOOO
00 DEVICETYPE=RASP-LCOOOOOOOOO0OOO0OOOOOOOOOOOO
goooo

gboooboooboobobooobog:

e TD-BD-16ADUSB O OO O0OODODO

CHANNEL_COUNT 16
DEVICETYPE TDBD16ADUSB
DEVICE TDBD16ADUSB

ALSAOOOOOO:

ALSAOOODOOOOOOODEVICEDODOODO plughw:abOOOOOOa0 bOOOOOOO0OOOOa
O0D0arecord- 1000000000 0O0OOO0OO0OOOOOOOOODOOODOOODOOOOOODOOOOOO
O0O0o0ooooDoOooDOoO0O0O000oooDoOoObOD arecord- 1000000000 ODOODOOOO
oboboooooboooboooooboobooobooboboobOoooOoboooboOobooooooboooooon
uboobuooboobooboboobooboobooboooboboobod

e Kinect Xbox J 0O O0OOODO

CHANNEL_COUNT 4
DEVICETYPE ALSA
DEVICE plughw:a,b

e PlayStationEye 1 0000000

CHANNEL_COUNT 4
DEVICETYPE ALSA
DEVICE plughw:a,b

e Microcone 0 OO OOOO

CHANNEL_COUNT 7
DEVICETYPE ALSA
DEVICE plughw:a,b

e RME Hammerfall DSP O 000 Multiface D 0O 00000

CHANNEL_COUNT 8
DEVICETYPE ALSA
DEVICE plughw:a,b
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OO00000 (DEVICETYPE=NETWORK O OOOODODO):

DEVICEO OOOOOO0OOO0OO0O0O0O0O0000O00 I pPO000O00O0O0O0O0O0DOO0ODOODOOOODbOOn
goooooobooobooogoobobooooooboooooobooo MOOooobobODoooo TOOO
gbboobobooobooboooboobooboooooboooo

WHILE(1){

X = Get_Audio_Stream (Suppose X is a T-by-M matrix.)
FORt =1to T
FORm =1 to M
DATA[M * t + m] = X[t][m]
ENDFOR
ENDFOR
send(soket_id, (char*)DATA, M * T * sizeof(float), 0)

}
O000OX0O IEEEfloatwav D 00000 -1<X<1 0000

Windows [ DirectSound DO OO0 :

Windows 0 HARK O O OO0 RASPORASP-2400000000000 DirectSound D00 O00OO0O0OOO
OoOoo0ooooOo0O00ooDOOO0O0OODEVICEDDODOOOOODOOOOoooooooooooooog
OCOOOOODEVICEDOOOOODOOOOOOOOO0ODOOOOODOOOOoOooDoOD

00000000000, 00000000000000000 WindowsD HARKOOOODOOO Sound
Device List 000 O00O000D0.000000,[000D0]-[000D00O] - [HARK]OOO Input Sound Device
LstOOOO0O0OO00O0D 65000000000 00000O000OOO0O0ODOOODEVICEDDOOOODO
OO000000O000OopDoooOoOoooeso0doOoOHammerfall”’ 00000000 OOOOOODOO,
ooooooooooooooooooooo0oooooooooboooooooboOooo

O O, Kinect Xbox[O PlayStation Eyel]l Microcone[l RASP-ZX OO OO0, 000000000000000O
oooooo0o0oboopoOoooooOooooooooo

OOOORASP-ZXOOOOO Windows7 00 00000D0DDODOOOODOODODODODODOOOODODODODODDOO

Windows [0 ASIOCOOOOODO:

ASIOOO0O0O000,0000 Microcone 0 RME Hammerfall DSP O OO0 Multiface OO O O0OO0O0OO0O0OO
HARKO ASIOODOOOO HARKOODOODOOODODOODODOODOODODODODOODODODODODODODOoooOOooboo
ASIOODOO0OD00ODO0 Windows 0000000 O0D0OOOOODODOODOODOOODODOODOOOOOOO
oooodooonooooon

ASIOOOOOOODOO AudioStreamFromMic O O O O O AudioStreamFromASIO O 0O 00O O

e Kinect Xbox 0O OO OQOO0O

CHANNEL_COUNT 4
DEVICETYPE DS
DEVICE kinect

e PlayStationEye 1 00O OD0OOO
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CHANNEL_COUNT 4
DEVICETYPE DS
DEVICE pseye

e Microcone O O OO QOO OO

CHANNEL_COUNT 7
DEVICETYPE ASIO
DEVICE microcone

e TAMAGOUDOUODOODOO

CHANNEL_COUNT 8
DEVICETYPE DS
DEVICE TAMAGO or tamago

e RASP-ZX OO DOOOODDO

CHANNEL_COUNT 8or 16
DEVICETYPE DS
DEVICE rasp

e RME Hammerfall DSP 0 000 Multiface 0 OO0 O 0000

CHANNEL_COUNT 8
DEVICETYPE ASIO
DEVICE ASIO Hammerfall DSP
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e+ Sound Device List

0 Hammerfal | D3P

Hit A

ges:0boonoonDO
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6.1.2 AudioStreamFromWave
gooooao

O0000D000 WAVEDOOODDODOOOOOOO0ODODDODOO0O0000D0OOMatrix<float>0000000
gbboobOoboooboobobooobooboooooboooo

ooooooo
RIFFWAVEOOOOOOOOOOOOOOOO0OOOOO0O0OO0OO0O0O0o00ooooooooooooboooboon

gbOOtlebitOOO24bit 000000 0OOOOOOPCMUOOOOOOOOODOODO

oood

(bboooooooo |

U0O00O000HARKOOOOOOOOOOOOWAVEDOOOOOOOOOOOOOOOODOO

(bbooooo )

0 6.60 6.7 O AudioStreamFromWave 0D OO0 O OOO0OO0O

0 6.6 O O AudioStreamFromWave 0 0D 0000000000 Matrix<float>O O OO OOOODOOOO
MutiFFTOODOOOO0OODOODODOO0OO0O0OO0O0O0OOOOO0d

AudioStreamFromWave D 0000000000000 670000 Constant 0 0O (FlowDesigner 0 0 00O
O0)H)OOODOODODODODOOOInputStreamO OO OOD0OOO000DOODODODOOOCOOOOOODOOOInputStream OO
000000 AudioStreamFromWave 0 00 HARK OO OO OOOOODOOOOODO iterator DO OO0 OO0
000 6700 LOADWAVEDODODOOO

uboooagoooobgan

O 6.3: AudioStreamFromWave D 0 0 OO0 OO

ooooog O ooooog (oo |00

LENGTH int 512 [pt] | OOOOO0OO0OO0OODOOOOODOOOOOO0OO0
ADVANCE int 160 [pt] | OOOOOOOODOOOOCOOOOOOOOOO0OO0
USE_WAIT bool false oooooobooogoooo

INPUT : Stream O OFlowDesigner 0000 00IOCO00OO0OO InputStream 0000000000000

AUDIO : Matrix<float>0U 0000000000 ODO0OO0OODOOO0OOODOOOO0ODOOOOODOOODOO
O000000oDbO0o00o0DO0O0O LENGTHOOOOD
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AudioStreamFromWave
node_AudioStreamPFromWave_ 1

MultiFFT
node_MultiFFT_1
INPUT QUTPUT

INPRL Y AUDIO
(Noapl=e/ 389 CONDITION

0 6.6: AudioStreamFromWave 0 0 0 O : LOAD_WAVE 0 0 O

Constant InputStream LOAD_WAVE
node_Constant_1 node_InputStream_1 node_LOAD_WAVE_1

VALUE INPUT OuUTPUT INPUT el OUTPUT

0 6.7: AudioStreamFromWave O O O O : MAIN

NOT.EOF :bool 0000000 ODOOOOOOODODOOOOOOOOODOOOOOOODODOOOOO
0000000000000 0D00000 falseOD0OO000DOOOODDO true0D00OO0O

gobooo

LENGTH : int 0051200000000000000000000000000000000000000
000000000000 0000000000000000000000000000020 ~ 40 [ms]
00000000000 00000000000000000000 16000[HZ10000000000
032 ms]000000

ADVANCE :int0016000000000000D00O000O0O0O00O0O0DOOOOOODO0OOODOOO
O000DO0O000DO0O000D0O0O000D00 16000Hz]DOOO10ms] 000000

USE_WAIT :bool OO false0O0OOOOO0ODOO0OCOOHARKOOOOODOOOOOODOOOODODOOO
oooooo«“cbor0oooooboo0obo0ooooooooooooobO0o0ooDboOb0 trueDDOOOO
ooboobobooobobbod0UbOwuedd0oooooonO

gooood

obooo0oobooboooobo: RIFFWAVEDOOOOOOOOOOOOOOOooOooooobOobooooo
oboobooobOooooobooobooboooboooboooooboooboOoooobooobooo IDbbooogon
gobooooooooooooboooobooooboboobooboooobobOoboobooboboOoDooo
OO00OCOOO00O0O0O00O000000000O0d (GHDSS OMelFiterBank O HI O OO OOOOOOOOO
l60002000000000000000PCMO0O0DOOO
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ooboooob:. ODOhooobOoooob @boooO)0ODOO0O0OLENGTHODO 20 ~ 40 ms] ODODO
ADVANCE 00O LENGTHO 1/3 ~ 1/20000000000000000000000 16000 [Hz] O OO
LENGTHO ADVANCEO OO OO0OO0OO0ODOO0OOO32010ms]O000OO0O0
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6.1.3 SaveRawPCM
gooooao

000000000000 0000000000000000RawPCMOOODODOO 16[bit]00O O 24 [bit]
0000000000000 oo0oD00oo0Do0oouoooooooooooooDooooooon
ooooooDpooooooo

SaveRawPCM OO OO OOO0OO0OOODOODOOD WAVEODOODODOODOOODODODOODOOOOO
00000000000 DO0DO0 SeXUOOOOUOOOOOODOODOOOODOOODODOoDoooooooo
O00000SaveWavePCMOODODOOOODODODOOODOODOOODOOODOOOOOWAVEOOOOOO
00000 SaveWavePCMOOOOOOOODOO

goooooo

aoo

oood

(booooooooo |

Oo000oOo0oO00DOoOOo0ooOoO00ooOoOoOooDboOoOoOooOoOoOnOAudioStreamFromMicO O OO0
gooooobooooobooooboooboooobooboobooboobooobooooboboboboooDooo
OOO0OO0OOO0O0O SaveWavePCMOOOOOOOOOO SynthesizeOOOOOOOOOOOOOOOOOO
goooooo

(bbooooo )

0 680690 SaveRawPCM OO DOOOOOOO 6.8 00 AudioStreamFromMic 0 OO DO0O0ODO0OOCOCOO
00 SaveRawPCM OO O OOOO0OO0ODOODOOOOOOOOOOOOOOOOOODODOODOOOOO
OO00000DOO0O00DOO0000O0DOU0ODODOOoDOob00OD 68000MatrixToMap DOODOOOOO
AudioStreamFromMic 0 000 SaveRawPCM OO0 0000000000 OOOOOOOOOCOCOCOCOLOO
obooobOoooobooboooobooon

069000000 SaveRawPCM O OO OOOOOOOODODOOOGHDSSOOODOOOOOOOOOO
OO00 PostFiter 100000000000 ODOO0ODOOOOODOOOOSynthesizeOOOODOOOOOO
000000000000 SaveRawPCMOOOOOO OO DO O WhiteNoiseAdder D OO DOO0O0OOOCOCODO
OO00O0ooO0000oDOb0oOoooboOodSaveRawPCMOOOODOOOODO

gbooobooooboobo

INPUT : Map<int, ObjectRef>0 00 Matrix<float>0OO0O0O0OO0OO0OO0OO0O000O IDOOOOODOOO
ooooboooobooooooooon
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AudioStreamFromMic MatrixToMap SaveRawPCM
node_AudioStreamFromMic_1 node_Matn‘xToMap_l node_SaveRawPCM_1

AUDIO INPUT QuUTPUT INPUT ouTPUT
MNOT_EOF

0 6.8: SaveRawPCM O O OO 1

PostFilter
node_PostFilter_1

INPUT_SPEC OUTPUT_SPEC

INIT_NOISE_POWER EST_NOISE_POWER

SaveRawPCM
node_SaveRawPCM_1

INPUT

WhiteNoiseAdder Synthesize
node_WhiteNoiseAdder_1 node_Synthesize_1

INPUT OUTPUT INPUT OUTPUT

SN OUTPUT

0 6.9: SaveRawPCM O O OO 2

0 6.4: SaveRawPCM OO OOOOO

gooooo O gooooo (oo (oo

BASENAME | string sep- gboboobOoboooobooboboon
ADVANCE int 160 [pt] | OO0OD0OOO0OCOOOOOOOOOOOOOOO00O00O0
BITS int 16 [bit] | DOOODOOO0OO0ODOODOOOOODOOOOOO

160002400000

OUTPUT : Map<int, ObjectRef> 000 Matrix<float>0OOO0OD0OO0OOOODOOOOODOO

gobooo

BASENAME : string 00000000 sep 000000000000 00O00OO0ODOOOODOOODOOOO0O
00000 IDbO0OD0O0OD0O0D000 “BASENAME ID.sw” O O00O03000000000000000O0
O0000000BASENAMEO sep- U000 sep-0.swlsep-l.swlsep2.swOOO0OOO

ADVANCE :int 00000000 ADVANCEODODOOODOOO0OO0OO0DDO

BITS :int 0000000000000 OOO0O0ODOOOOOOO16000 2400000

gooood

gooobooooboooobUo:. bobooooboooboobooobDobOoOobD RawPCMOODOOODO

gboboobooboobooooboobooboooobooooboooobooooboobooobooonog

OO0 1ebit] D00 24bit] OO0O0O000O0OOO00ODO
obooobOoboobooboboobooboobooooobobooooboon
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Matrix<float>1 00000000 O0OOO0OOCOOOOOOOOOQOOOOOOCOOOCODOOCODOOOO
ooooboooo

Map<int, ObjectRef>0 OOOOO0O0OOOOOOOOOOBASENAMEOOO IDOOOOCOOOOO
gooobOoIIbioooboooobooboooobooboooooono
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6.1.4 SaveWavePCM
gooooao

J000d0ooooooOoObOo0o0o000ooggSaveRawPCMO OO OOOOOOOOOOOOOOOOO
OO0 WAVEDOOOOOOOOODOOUODOOOOOOO0OO audacity O wavesurfer 1 00000000
00000000000 D000 AudioStreamFromWave D OO O0O00OO0OOOO0O0O SaveWavePCM O OO
ogagd

ooooooo

goo

oood

(0boooooooo |

SaveRawPCM OO O0OOOOOOOODOOOODOOOOOOOODOOOODOOODOOOODOOOO
googo

(bbooooo )

O00o0ooo00ooDo0o0oooO0o0U0ooDoO000DoOo0O00ooOO0d SaveRawPCMOODOOOO
00000 e68069000000 SaveRawPCM OO OO SaveWavePCM OO OO OOOOOODOOCODO
oono

gbooobooooboooon

0 6.5: SaveWavePCM O OO OOOO

ooooood O goooog (oo oo
BASENAME string sep- goooooboooooobbobo
ADVANCE int 160 [pt] | ODO0ODOO0OO0OOCODOO0DOOOOODOOOOOOO0O00O0
SAMPLING_RATE int 16000 [Hz] | 0000000 O0O00DOO0O0O0O0O00OO00O00b000aO0
BITS string intl6 [bit] | OOOOO0OOO0OO0O0OO0OOOOO0OOO0DOO00OO0

ml6 D00 2400000

INPUT : Map<int, ObjectRef>0 00 Matrix<float>0OODO0DO0OOOO0OOO0O0O0OC IDOOOOODOOO
ooooboooobooooooooon

OUTPUT : Map<int, ObjectRef>0 00 Matrix<float>0O OO OOOOOOOOOOOOO
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goooo

BASENAME : string 00000000 sep 000000000000 00OOOODOOOODOOODOOOOONO
00000 IbOoOooooooonO “BASENAME IDOwav’ OO0 003000000000 00000O0
00000000 0BASENAME O sep- 0 0 00 sep-®.wavll sep_l.wavl sep2.wav 0 OO OO0

ADVANCE :int0000000O0 ADVANCEOOOODOOOOODOO

SAMPLING_RATE : int 00000000 SAMPLINGRATEOOOOOO000000000000O00COO
oboo0oboooobooooboooOooboooobooooo AbOOoOoOoobooooobooon
ooooboboooobogooon

BITS :string0 00000000000 DCOO0O0DOCO0O0D0CO0It16é000 int2400000
goooog

gobooboooboooooo: bobooooobOoOoooooobobooboo WAVEDODOOogooooo
obooooobooobooobobooobooboboooboooboobooobOooooooooboooobooon
goooooo

ubobooboboobooboobooobooboooooboooooboaoon

Matrix<float>0 000000 0OCOOO0O0O0OOCOOOOOOOOOOOOOOUOOOOOOOCODOOO
0000 WAVED OOOOOOO

Map<int, ObjectRef>0 OOOOOUOOOOOOOOOOOBASENAMEO OO IDOOOCOCCOOOOO
000000 IbooOooooobooboobooobooabooooboooobo 100 bOoboooon
oooooo)o
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6.1.5 HarkDataStreamSender

gooooad
ggoobbbbooooobobbbooooooubboboboooo
e OOO

STFTOO0OO000O00O0O0

ooooboooooao

oooono

gbogobgoobobooooboo

oooooo

googo

goooogno

ugbooaooad

goao

good

(bboooooooo |

gbooobobooobooboobo TCeplPOOO0ODOODHARKOOOODOOOODOOOOOODOO

(bbooooo )

gel0bOOODOODOODOODOOODDOODOODOODLOODODOODDOODOODOOO
gboboobobooooboooboobooboooobooooboOoboooobOoobooon

Oo0ooooooooooo

MIC_WAVE : Matrix<float>0O 000000000000 xOOOOODODO STFTOOODOOODOOOODOO
MIC_FFT : Matrix<complex<float> >0 0000000000000 00O0 xOODOOOOOOOODOO
SRC_NFO : Vector<ObjectRef>00 0000000000000 0OO0OO

SRC_WAVE : Map<int, ObjectRef>0000 IDOOOODONO Vector<float>0O0OOOOOOOO
SRC_FFT : Map<int, ObjectRef>0000 IDOOOODOOOOODO Vector<complex<float> >0000O

ooooo
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MultiFFT
node_MultiFFT_1

INPUT

OUTPUT

SourceTracker
node_SourceTracker_1

INPUT

QUTPUT

Synthesize
node_Synthesize_1

INPUT

OUTPUT

MultiFFT
node_MultiFFT_2

INPUT

OUTPUT

MSLSExtraction
node_MSLSExtraction_1

FBAMK

SPECTRUM

MFMGeneration
node_MFMGeneration_1

FBANE
FBANE_S5

FBANEK_BN

AudioStreamFromMic
node_AudioStreamFromMic_1

AUDIO

NOT_

=0/ CONDITION

HarkDataStream Sender
node_HarkDataStreamSender_1
MIC_WAVE OUTPUT

MIC_FFT
SRC_INFO

QUTPUT

SRC_WAVE
SRC_FFT
SRC_FEATURE
SRC_RELIABILITY
TIMESTAMP

O 6.10: HarkDataStreamSender 0 O O O

O 6.6: HarkDataStreamSender 0 0D OO0 Q0 QO O

gooooo g gooooo oo |oo

HOST string localhost oboocobOobooooboobooapbOOOO
PORT int 5530 oooooboobooooobon

ADVANCE int 160 [pt] |OO0OOOO0OO0OO

BUFFER_SIZE int 512 00000000000 000 flecat0O0O0ODDO
FRAMES_PER_SEND int 1 [frm] | OO0O0OO0OO0OO0DOOOOODOOOOOO
TIMESTAMP_TYPE string | GETTIMEOGDAY oboooooboooogo

SAMPLING_RATE int 16000 [Hz] | 000000000

DEBUG_PRINT bool false 000000000 ON/OFF

SOCKET_ENABLE bool true obooobooooobooboooooooon

SRC_FEATURE : Map<int, ObjectRef>0 000 IDOODODODOOO Vector<float>OOOOOODOOO

SRC_RELIABILITY : Map<int, ObjectRef>0 000 IDOODODOOOODOO Vector<float>0O O O OO

oood

TEXT : 000000000

MATRIX : Matrix<float> [0 0O 0O 0 Matrix<complex<float> >0 0000000

VECTOR : Vector<float>[ 0O OO Vector<complex<float> >0 000000000
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TIMESTAMP : TimeStamp D 000000000

OUTPUT :ObjectRef OO0 O DOODOOOOODOODOOOO

gobooo

HOST :string0 00000000000 IPOOOODOSOCKET-EENABLED O falseOOOODOOO
PORT :int 00 0OOD0O0OOO SOCKET_ENABLED O falseO0OODOODOO

ADVANCE :int0000000000000DOOO0O0OOO0O00

BUFFERSIZE :int 0000000000000 DO0OOOODOOOOOO

FRAMES PERSEND :int 00 000000000000 O0O0O0OOCOO0ODOO0OOODOOO0O 10

TIMESTAMP_TYPE : string000000000000D000000O0ODOTIMESTAMP_TYPE=GETTIMEOFDAY
00 gettimeofday 0 00 O O O O TIMESTAMP_TYPE=CONSTANT_INCREMENT O 00 SAMPLING_RATE
oooobooooboooobooboooobobooooboon

SAMPLING RATE : int00000000000000CO00OO 160000TIMESTAMP_TYPE=CONSTANT_INCREMENT
ooooooo

DEBUG PRINT :bool 0000000 OOODO ON/OFF

SOCKET_ENABLE :bool 00 true0 0000000000000 false0 000000

gbooaod

(A) D0O0OO0oOoDoo

HOSTOODOOUOODODOOOOOODODOOOOODOobOooooboooooobo rrobbobooboOoOoO
PORTOOOODOOOOODOOOODOOOOODOOOODOO

ADVANCEDO OOOOOOO0OO0OO0OO00O0ooobooooooooboooogon

BUFFERSIZEO O OOOOODOOOOOO0OOCODOODOODOBUFFERSIZE *10240 float0O OO0
goooboobo0oobooboobooooboooooboooo

FRAMES PERSENDO0OO0OO0O0OO0O0O0O0OO0O0O0OO0O0O0O0DOO0O0OO0ODOO0OOCOOO0 1000000000
obooooOoboooooboon

TIMESTAMP.TYPEO O OO OOOOODOODOOOOODOOOOOO
SAMPLINGRATEO O OOODOOOOODOOOOD
DEBUGPRINTOOOOOODOOODOOODOOOOOOOOODOOOOOOOOOOOOOOOOO0O0O0
OO0o0o0O000000 61300 Debug 0O

SOCKET_ENABLED [0 falseO0OOOO0O0OO0O0O0OD0OOO0OO0OO0OO0OODOODOOOOOODOOLOOOOODO
U000 HARKOOOOOOOOOOOoooooooooooboo

(B) 00000000
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B-nooooooooo
oooobooobooobooooooobooboooboooOoOoobooboooboooOobooobooooon
oooooboooooooo

o HD_Header
00 :000000000000000000000000O0O
000000 :3 * sizeof(int) + 2 * sizeof(int64)

O 6.7: HD_Header D O OO

000 | O ] 00
type int 0000000000000 oooOoooOo0000oo0DoOo0o00o0oooonD 68000
advance int ooooooooo
count int HARKOOOOOOO
tv_sec | int64 oooooooooa
tv_usec | int64 gooodooooooooa
0 6.8: HD Header O type 0D OD0OOOOODOO
oad oooooo goooo
oodad MIC_WAVE oooad
oodad MIC_FFT gooooooo
oodad SRC_INFO ooooooooooad
ooad SRC_NFO, SRC_WAVE 0do0o0Do0oo0oo00dO +00 IDOOOOOO
ood SRC_INFO, SRC_FFT 00000000000 +00 IDOO000OO0OOoOO0
odad SRC_INFO, SRC_FEATURE 0do00oooOo0o000d +00 IDOOOOOOO
ooad SRC_INFO, SRCRELIABILITY | 00000000000 +00 IDOOOOOOOOOOOOOOOO
odad TEXT gooooo
ogdad MATRIX ooooo
ooda VECTOR ooooooo

HarkDataStreamSender D0 OO0 O00O0O0OD0DODOOOOOCOODOOOOOOO0O0OOCODOOOOODOO type
ocooooooooooooobooooooboOoooooboOoooooboooobDobooooDObOOooooD B2)0

goo

O1)MICFFTOOOOOOODOOODOOOO0O0DOOwpeOODOOOOD O0OOOCCOCOOIOOODOOOOODOO
gbooobobooobooboboooooboooooan

0 2) MIC_WAVE, SRC_INFO, SRC FEATUREO OO OO0OOOOO0OOOD0O0OD0OO00O0Owpe OO oQon
0O oooolo0101 DO O0O0O0DOOOO0ODOOOOODODOOODOOOOOOOODOOODOODOOODDO ID
ooooboobooog

0O) SRC_WAVE, SRC_FFT, SRC_FEATURE, SRC_RELIABILITY OO OO0O0000D00O0O00O0O00O0O0 IDODO
Ob0o0OoO0oOo0ogOSRCINFOOOOOOOOOOOOOOSRCINFOOOOOOOOOOOOOOO
O0o00b0ob0o0o0ob0ob0o0booD0b0oooobObwypedOOOO 0000000000000O0
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e HDH _MicData
OO0 :00000000000000000O0O0O00000OooOooOaon
000000 :3 * sizeof(int)

0 6.9: HDH MicData O 0 00 O

| 000 [0O] 00
nch int 0000000000000000000000
length | int 000000000000000000
databytes [ int [ 0000000000 float OOOOOO0O00 nch * length * sizeof(float) 0000

e HDH _Srclnfo
00 :000000000000
000000 :1 * sizeof(int) + 4 * sizeof(float)

0 6.10: HDH SrcInfo O O O O

] ooo \ O \ oo
src_id int odIb
x[3] float ooooooo
power | float | LocalizeMUSICO OO OOO MUSICODOOOOODOOO

e HDH SrcData
00 :000000C00000000000O0O0OO000OoOoooOo
OO0OoOoon :2 * sizeof(int)

0 6.11: HDH.SrcData 0 0 0 O
000 [O ] 00
length | int 0000000000000000000
databytes | int [ 0000000000 float 0000000000 length * sizeof(float) 0000

(B-2)00000
000000000000000 61200 6130 (a<(w)0000000000000000 6120000
000 (-w)0O00D00O0O00000000000 61300000000000000

B-3) 00000000
HARKOOOOOOOOOOODOOOOOOOODOO000O000000000000000000000
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06122000000000000000O0D00O-00D000D0DDOO0ODOODDODOS*OOSRCINFODOOO
gbobooboboooobobooooooboo

ooooooo gooooooood
D D D D MIC_WAVE ‘ MIC_FFT ‘ SRC_INFO ‘ SRC_WAVE ‘ SRC_FFT ‘ SRC_FEATURE SRC_RELIABILITY ‘ TEXT ‘ MAT
(a) HD_Header sizeof (HD_Header) o o o o o o o o c
(b) | HDH_MicData sizeof (HDH_MicData) o
(©) float[] HDH_MicData.data_bytes o
(d) | HDH_MicData sizeof (HDH_MicData) o
(e) float[] HDH_MicData.data_bytes o
) float[] HDH_MicData.data_bytes o
(2) int 1 * sizeof(int) o o* o* o* o*
(h) HDH _SrcInfo sizeof (HDH_SrcInfo) o* o * *
@) HDH_SrcData sizeof (HDH_SrcData) o*
Q)] short int[] HDH_SrcData.data_bytes o*
(k) | HDH_SrcData sizeof (HDH_SrcData) *
) float[] HDH_SrcData.data_bytes *
(m) float[] HDH_SrcData.data_bytes *
(n) | HDH_SrcData sizeof (HDH_SrcData) o
(0) float[] HDH_SrcData.data_bytes *
(p) | HDH_SrcData sizeof (HDH_SrcData) *
(Q float[] HDH_SrcData.data_bytes o*
(r) HDH_SrcData sizeof (HDH_SrcData) *
(s) charf[] HDH_SrcData.data_bytes *
(t) | HDH_MicData sizeof (HDH_MicData) o
(u) float[] HDH_MicData.data_bytes
(v) | HDH_SrcData sizeof (HDH_SrcData)
(w) float[] HDH_SrcData.data_bytes
calculate{
Send (a)
IF MIC_WAVE is connected
Send (b)
Send (c)
ENDIF
IF MIC_FFT is connected
Send (d)
Send (e)
Send (£)
ENDIF

IF SRC_INFO is connected

Send (g) (Let the number of sounds ’src_num’.)

FOR i = 1 to src_num (This is a sound ID based routine.)

Send (h)
IF SRC_WAVE is connected

Send (i)
Send (j)

ENDIF
IF SRC_FFT is connected

Send (k)
Send (1)
Send (m)

ENDIF

Send (n)
Send (o)

ENDIF

Send (p)
and ()
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0e6l13:0000000O

g

Debug

(a)

ooooooOooooe700OO

(b)

gboooboobooooobobooboobooooboboooooboooesnnO

(©)

000000000 xOO0000 O flcatDOO0ODO

(d)

gooooooboooobooboooobobooooobooboooobobooooboOo eond

(e)

00000000000 00D000 xO0O0O0O0OO O fleat0O0OOO

® O000000000000000 xO0OOOOO O float0 0000

(2 N EEEEEE

(h) 000000000000 610000

6] 00 IDO0OO000O00000000000000000000000000 611000 o
6 00 IDO0O000O0000000 0 fleat000000O0

(k)

oo boOooooooooobooooooooooooooobooooooooOoooDel1oonO

O)

obOIbO0obOo0ooobOooooOooboooonD b fleatDOOODOOODO

(m)

OO0 IbOoO0oooooooooo0oooDo0oooD 0Ofleaa 0 OODOOO

)

goObooooboooooboboooboobooobooboobooooboboobooel1oon

(0)

o0IboOOobo0oooOooooooboOo dfleatdonoonog

(p)

oombooMmMOOOOOOOOOODODOOOOOO0OOO0OO0O00O0O00 611000

(@

o0boOO0MEMOOOOOOD O flecatDO0DOODOOODO

()

obooooboobooooobOoboooooboboooel1oon

(s)

oooooobDbocharOOOOOODOO

®

gboboobobooooobobooobooboooooboooestnm

(w)

Ub0O0o00 Ofleatd0OODO

™)

booobooooboobooooboboooooboooobobeltobO

(w)

ooooodbDOfleat0ODOODOO

000000000 (-w)000 61200 6130 (a«w) 00000000
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6.1.6 PlayAudio
gooood

ubooobobooooboboooogad

ooooooo

ooao

good

(DoooooooOoO

gbboobooboobooboboooooboooon

(Doooooo |

PlayAudio DD D UOODODOO 6.1100 6.120000

0611 00000000000O0O0O0O0OOOOOOOOOODODOGHDSSOOOOOOOOOOO Syn-
thesize 000000000000 DODOOOOOO0O0200000000000000000INPUTIOOOO
U000 LOO0O0OO0OINPUT200000000 ROODOOODOOCOOOOODOINPUTIODOO INPUT2O
bbooboboooboobooboobobooooboooobooboooob0obooooobooonog

0612000000000 00000CO0DOODODOODOOAudioStreamFromWave DO O0OO00OO0OOOOODO
ooOoO0O000 INPUTMULTI.CHANNELOOOOOOOOOOOOOOODOOO0O0O0 MULTI.CHANNEL_ASSIGN
oooooooooboon

GHDSS Synthesize MapSelectorBySource
node_GHDSS_1 node_Synthesize_1 node_MapSelectorBySource_1

INPUT_FRAMES ouTPUT INPUT ouTPUT ‘ INPUT OuUTPUT
INPUT_SOURCES

SourceIntervalExtender
node_SourcelntervalExtender_1

SOURCES OUTPUT

PlayAudio
node_PlayAudio_1
SOURCES
INPUT1L N cuTPUT 2
INPUT2
MapSelectorBySource INPUT_MULTI_CHANNEL
node_MapSelectorBySource_2

INPUT
SOURCES

O 6.11: PlayAudioO O OO 1

AudioStreamFromWave ml::a;{ ::fdlmo .
node_AudioStreamFromWave_1 Y, =
INPUT1 (ol lapi e OUTPUT_2
INPUT @uiiiZing AUDIO

INPUT2
NOT_EOF
INPUT_MULTI_CHANNEL

0 6.12: PlayAudio O O OO 2
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O 6.14: PlayAudio O OO OO OO

gooooo a gooood oo oo

MASTER_VOLUME float 0 [dB] goboooobooooboboo

DEVICE int gboobooobooooboooooboooon
goboooooooSobooooooooono

CHANNNEL_COUNT int 2 00000000000 2000000000

MULTI_.CHANNEL_ASSIGN | Vector<int> good INPUT_MULTI.CHANNEL OO OO0OO00O00O0
ooooo

LATENCY int 1000 [msec] | OOOOOO0OOOOOOOOCOO

LENGTH int 512 [pt] FFT OO

ADVANCE int 160 [pt] goooo

SAMPLING_RATE int 16000 [Hz] goboooobodo

gbooobooboobgon

INPUT1 : 00 Matrix<float> [ Map<int, ObjectRef>0O 00O 0O Vector<float>0O OO OOOO0OODOO
000000 1000000000000 00ooDoooUoooUDooooOoUooooooDoOooon
0000 Map<int, ObjectRef>[] ObjectRef [ Vector<float> [

INPUT2 : 00 Matrix<float> [ Map<int, ObjectRef>0O 00O 0O Vector<float>0O OO OOOO0OODOO
000000200 00000000000000D0DO0000DODO0U0DOO0OO0U0DODOOoODoOODOn
0000 Map<int, ObjectRef> [ ObjectRef [ Vector<float> U

INPUT _MULTI_CHANNEL : 00 Matrix<float>[0 00O Map<int, ObjectRef>000000000O0O0O
000 MULTI.CHANNEL_ASSIGN O O OO

OUTPUT : Matrix<float>0O 00000000000 0O0O00O0OO0 LATENCYOOODOOOODO

goooo

MASTER_VOLUME : float 000000000 O00O0OO

DEVICE :int000000D000000DOOCO000DOO0O0000ODO0O000DOoOooOoSODOoO0ooooon
gbooobooooboobooooboobooooboboooonoo

CHANNNEL_COUNT :int000000000O0O0O00 2000000000

MULTI_CHANNEL_ASSIGN : Vector<int> 0 O INPUT_MULTI.CHANNEL OO0 OO00OO0OO0OOO
gboooboboooooboboooooboboobooboob IbObobOOobOOobOOoOoOOobDOOnOO4
O00000000D00 Matrix<float>0 0000000000000 1000000000 2000
UoboobobOoL0000o00oROO0OD0OOO0OOO0O000DOA0 <Vector<int> 1 2> 000000
U0b0000oob0O0o0ob0oobOoooOobon0dg CHANNEL. COUNTOOOOOooooooooooo
obooooooooooooooboooobooboooboobobOobOOoboboboboobobooon
00000 CHANNEL.COUNTOOOODOODOOOOooDOooooo

LATENCY :int 0000000000000 O00O00
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LENGTH : int OOFFTOO0ODDOOOQO O OO AudioStreamFromMic OMultiFFT O D OOOCOOODOOOO
oooooon

ADVANCE :int 000000000000 DOO0OAudioStreamFromMic O MultiFFTOO0O0O0O0DOOOO
ooooboooog

SAMPLING RATE :int 000000000000 O0ODOOO

gooood

UbOobOoO INPUT#0O 00 INPUTMUITI.CHANNEL O OOOOOO0OO0OOOO0OOOOOOOOOOO0
oboooOobooooobobooooooboooon
gooobooooobooboooboooobooooobooooboboboo1oooboboobooobooo

gboooboobooobooboood:

INPUTI O INPUT2 OO 0OO0OOO0OO0O0O0OOO0OOO0OCOOO0OOOOO0OO0OO00O00O000000
OOINPUT MULTI.CHANNEL O OOOOOOOOOOOO0OOOOO0ODOOOOOOOOO0O0O00O0000O0
gbooobooboobgoooboobooobo

obooobooooooboobode:

Oob0000o0b00,Windowsd HARKOOOOOOO Output Sound Device List 0 000 O00O00O00O. [O
U00]—-[00000]—-[HARK]OUODO Output Sound Device List U D DO DO OO0OOO0O 613000000
ubobooboobooooboooon.

B SEE: C:¥Windows¥System32¥cmd.exe =E—

L High Definition Sudio)’

0e613:00000000000O0O
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6.2 Localization J ] 0 J
6.2.1 CMLoad

gbooaod

gbooobooboobooboboooooboooon

ugbooaooad

CMSave 00 O0O0O0O0O0O0O0O0O0O0O

good

(bboooooooo |

CMSave 00 DO0O0OO0ODOOOO0ODOODOOOOODOOODODODOO

(bbooooo )

0 6.140 CMLoad DD O OOODOOODO

e Version 2.0 0 O
FILENAMER 0O FILENAMEI O string 000000000000 OOOOOO0O0O0OOOOOOOO
ooooooooooa

e Version2.1 00
zipOOOOODOODOODODOODODOODOFILENAMER O OODOOODOOFILENAMEIOOOOOOO

OPERATION FLAG O int 0000 bool OO OODOODOODOOODOOOODOOOODOODOOOO
00O FILENAMER, FILENAMEIL OPERATION FLAGO OO OOOOOOOOConstant 00000000000
gbobooobooobooooboobooboooobooboooboooboOoboooboooooooboooobooon
oboooooboooogon

gbooobooooboooon

0 6.15:CMLoad DO OO OOO
googoog U goooobg (oo | og

ENABLE_DEBUG | bool false OO0O0000000 ON/OFF

FILENAMER : string00000000000CO0O00DOCOOCOOO

FILENAMEI : string0 00000000000 DOOCOO0ODOOO
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MultiFFT

node_MultiFFT_1

AudioStreamFromWave ChannelSelector INPUT OUTPUT ;-c"ia"zfmkﬁ;llg |
node_AudioStreamFromWave_1 node_ChannelSelector_1 Losns Pt =
INPUT oUTPUT

INPERLZIE AUDIO INPUT QUTPUT
s s=e/289 CONDITION

NOISECM

CMLoad
node_CMLoad_1

Constant
node_Constant_1 FILENAMER ouTPUT
FILENAMET
VALUE
OPERATION_FLAG

Constant
node_Constant_2

VALUE

Constant
node_Constant_3

VALUE

O 6.14: CMLoad D O O O

OPERATION_FLAG :int 00000 bool DOOOOO00O0 1000000C0C0C0O0O0O0OOODODOO
oooobooooboobooonogd

OUTPUTCM : Matrix<complex<float> >0 000000000000 00MOO00000O0O000000O
000 NFFT/2+1 000000 OMatrix<complex<float> >0 00000 (NFFT/2+10)0000
O00000 (M+MO)OO0OO

gobooo

ENABLE DEBUG :bool OOfalse D000 0O00tue 00000000000 O0O00DOOOOODODOO
ooooboooo

gooooo

ooobObOo0ooMMOOOOOOOOOOOOOOOOOODOOOOOoOoOoObOO00000000 Matrix<float>0O
goooooo

0000000 k000 (k=NFFT/2+1)000000000000000 0 M?0000000000
UobOO0O0000 OPERATION FLAGO 1000000000000 00O00O00O0000DOC0O00O0C00O00D0OO0
oboooboobooooobooonog
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6.2.2 CMSave
gooooao

ubooobooooboobooboobooooono

googoooo

ooo

oood

(bboooooooo |

CMMakerFromFFT O CMMakerFromFFTwithFlag O O OO 0000000000000 ODOOOOO00O
ooo

(0bbooooo )

06150 CMSave DO OO OOODOOOO
INPUTCM O O 0 00O 0O O CMMakerFromFFT O CMMakerFromFFTwithFlagCD 0 0 00000000000
oooo

e Version 2.0 (0 O
00 Matrix<complex<float> >0 0000000000000 0O0OODOOOOOOOOOOODOO
O000000000OFILENAMER O FILENAMEIO string0 0000000000000 O0OOO
godooooooooooooo

e Version 2.1 00
zipOOOODOOOOOFILENAMEROOOUOOOOOFILENAMEIOOOODOOO

OPERATION FLAG O intO00000 bool DODOOOOOOOOOO0OO0O0OOOOODOOODOOODOO 6.15
O0000000 Equal 000000000000 int000 boolOOOODOODODODOOODOODOODO
goood

gboooboooboobon

0 6.16:CMSave DO OO OOO
oooood O oooooo (oo |00

ENABLE_DEBUG | bool false 000000000 ON/OFF

INPUTCM : Matrix<complex<float> >0 0000000000000 0OMOOOOOOOCOODOOOODO
00 NFFT/2+10000000Matrix<complex<float> >0 00000 (NFFT/2+10)00000
00000 M+MDO)OOOO
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CMMakerFromFFTwithFlag
node_CMMakerFromFFTwithFlag_1
INPUT OUTPUT
ADDER_FLAG

Constant CMSave
node_Constant_1 node_CMSave_1

VALUE INPUTCM slinipre iy OUTPUTCM

FILENAMER.
Constant

node_Constant_2 FILENAMEI

Y =
VALUE OPERATION_FLAG

Equal
node_Equal_1

INPUT1 OuUTPUT
INPUTZ2

0 6.15: CMSave 0 OO O

FILENAMER : string0 000000000000 DOOCO0OOO0O
FILENAMEI : string000000000000DOOO0ODOOO

OPERATION FLAG :int 00000 bool OO0 OOODODO 100000000000000O0O0O0ODODOOO

OUTPUTCM : Matrix<complex<float> > OO INPUTCM OO OO

ENABLE DEBUG :bool OOfalse OO DO0000Otwue 0000000000000 0OO0O00O0O0O00OO
ooooboooobooboooood

gooood

e Version 2.0 (0 O
0000000 MOOOOOOOOOOOOooooo Matrix<float>O0O0O0OoOoOoooOOoOOOOOOOO
0000000000000 0oo00oo0oooooooooooDOooD k000 (k=NFFT/2+1)
0000000000000 k0 MO00000000000

e Version2.1 00
0000000 MOODDODODDOOODOOODOOOOO zipOODODOODOOO

000 OPERATION FLAG O 1000000000000000
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6.2.3 CMChannelSelector
oooooo

bobooboboobooboooobooboooobobooobooboooooboOoboooon

ooooooo

ooao

good

(DooooooooO

boboobooobooooobooboooobooboobooooobooboobooboooobooooaon
gbobooboooobooboooobooooobooboobooboon

(boooooo )

0 6.16 0 CMChannelSelector 00000000000

0O0000D0OCMMakerFromFFT O CMMakerFromFFTwithFlag O OO OO0 000000000 COO0O0O00O
O Matrix<complex<float> >0 0000000000000 O0OO000OOOODO0OOODOOOOOOOOO
ooooooo

AudioStreamFromWave ChannelSelector MultiFFT LocalizeMUSIC
node_AudioStreammeWave_l ncde_ChanneISelector_l nOdE_MIJltiFF[_l ncde_LccaIizeMUSIC_l
INPERLZ N AUDIO INPUT ouTPUT INPUT OuUTPUT INPUT ouTPUT
el =s/J8) CONDITION MNOISECM

Constant CMLoad
node_Constant_1 node_CMLoad_1

VALUE FILENAMER ouTPUT CMChannelSelector
pr— T node_CMChannelSelector_1
1 EE INPUTCM QUTPUTCM
node_Constant_2 OPERATION_FLAG

VALUE

Constant
node_Constant_3

VALUE

O 6.16: CMChannelSelector 0 0 O O

obooobooooooooon

0 6.17: CMChannelSelector 0 0 00000
goooog O gooooo oo | 00g

SELECTOR Vector<int> | <Vector<int> > O00000ooooooooa
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INPUTCM : Matrix<complex<float> >0 0000000000000 0MO0OOO0000O0O000000O
00 NFFT/2+10000000Matrix<complex<float> >0 00000 (NFFT/2+10)00000
00000 (M+MO)OOOO

OUTPUTCM : Matrix<complex<float> >0 O INPUTCM OO OO

gobooo

SELECTOR : Vector<int>0OO0OUOUOO0OOO0OO0O0O<Vector<int> >00000000000000C0OCO
oooobooooobooboooobonoonoonbn

0:50000 04000 20304000000000000 <Vector<int> 2 3 4>00000300
00040000000000000 <Vector<int>0 12 4 3 5000000000

gooood

oooooooooooooDobOekexMMxmOOOoooooooooOoOooboboobbooooobooooo
Oo00D0O0kxMxMO000DDO0O000000C0O0ODDOO0O0000KODDO0O0O00 (k=NFFT/2+1)0O
MOOOOOOOOOM OODOOOODO
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6.2.4 CMMakerFromFFT
ooooono

MutiFFTOODODOOOOO0O0O0ODOOOO0O00O000O0DO0O000000oo0ooooo0o0ooooDooobooOog
gooood

goooooo

ooo

good

CEEEEGEEEEE

LocalizeMUSICO OO OOOOOOOODOOOOOOOOQOOOODOOOOOOOOOOOODOOOOOO
OoooooooOo0o0ooooooOo0ooOoooOooOMutiFFTOOOOOOODOOOOOOOODODOOOOO
000000000000 000O0000O000000D000 LocalizeMuSICOO OO NOISECM OO0
gboboobooboobooboboooboobooooboobooboobobooooobooogn

(Doooooo |

0 6.170 CMMakerFromFFT O OO OO OO0 OOd
INPUTOODOODOOOMuiFFTOOOODOODOODODOOODOOODOOOOOO0OO0O00n
00 Matrix<complex<float> >0 0000000000000 0DOO0DOOODOOOOODOOODOODOO
0000000000000 00000000 Matrix<complex<float> >O000000000O00O00OO0O0O
odo0ooooooooooooooooooooog

MultiFFT LocalizeMUSIC
node_MultiFFT_1 node_LocalizeMUSIC_1

INPUT OUTPUT INPUT QUTPUT

NOISECM
CMMakerFromFFT
node_CMMakerFromFFT_1

INPUT OUTPUT

0 6.17: CMMakerFromFFT O O O O

oboooboooooooon

INPUT : Matrix<complex<float> >, 00000000000000 MX(NFFT/2+1).
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0 6.18: CMMakerFromFFT OO OO DO OO

ooooog O ooooog (oo | oo

WINDOW int 50 goboooooboobod
PERIOD int 50 gbooooboooood
WINDOW_TYPE | string FUTURE gboooooooon
ENABLE_DEBUG | bool false 000000000 ON/OFF

OUTPUT : Matrix<complex<float> >0 00000000000 00OMODOO0O00D0OCO0O0OOODO
OO0 NFFT/2+10000000Matrix<complex<float> >000000 (NFFT/2+10)00000
ooooo M=MO)ODOOO

OPERATION_FLAG : bool DOOUPUTOOOOOOODOOOOOODDOOODOOO true0O00ODO
O falseO0OO0ODOOO0ODOOOODOOCOODOOOOOOODOOOODO LocalizeMUSIC OO 6.28 O
ooooogoo

gobooo

WINDOW :int005000000000000000C0C0000DOOOO000O0DOODO0O00O0O0ODODLO
gobooobooobooooboobooooboooboooowINDOW D OOoooooooooooo
oo0ooboooobobOo0obooboooDobOobOPERIODOODOOOODODODODODOOOOOOOO
oboobooooboboooooboooooboobooboobooobooona

PERIOD :intO005000000000000000000ODOOOOO0O0O0OO0OODODOOODOOO
OoooooooooooooooooooooowINDOW OO OOoOooooooooooooooo
gbboooobooboboboooOoOoO0OOPERIODOOOOOOOOOOOOODOOOOOOOOOON
ooooboboooboobooooobOobooooobobooobooboooooono

WINDOW._TYPE : string 0 JFUTUREC 0 O0O0CO00OCO00O0OCO000OC0OO000O0OO0000OO00000O
OOOOFUTUREDOOOOOOOOOOOOOD fO0 f+WINDOW-100000000000
OOMIDDLEOOCOOOOO0O0 f—(WINDOW/2) OO f+(WINDOW/2) + (WINDOW%2)— 10000
O000O0O0O00O0PASTOOCOOOOOOf-WINDOW+100 0000000000000

ENABLE DEBUG :bool OOfalse 0000000 O0wue 0000000000000 O0OOCOOOODOOO
oooobOoboooboobooobooood

gooooo
MultiFFTO OO DOODOODOOOO0OO0OOO00OO00O000O0DOO0O0O00a
X((A),f) = [Xl((l.),f),Xz(U.),f),X3((L),f),'",XM(U.),f)]T (61)

OD000eD0O0O000000fO0HARK OODOOOODOOMDOODOOODODODOOOOO
0000 Xw,HOOOODODOOOODOOOOODODOOOODOOOODOoOOoOoooDO

R(w, ) = X(w, N X (w, f) (6.2)
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oooooprobooooooooooO0oob0o00o000 Rw,HOOOOODODOOOOODODODOOO
OO0000o0oooooooOOoCO000000O0O00OHARK DO0O00OoooooobooooooDbobooog
ooogd

1

R/ = ynpow

Wy
Z R(w, f +i) 6.3)
i=W;

00000000000 WINDOW.TYPEOOOOOOOOOOOD OO O WINDOW_TYPE=FUTURE O
OO0OW, = 0, Wy = WINDOW — 1 0 000 WINDOW_TYPE=MIDDLE 0000 W; = WINDOW/2, W =
WINDOW /2 + WINDOW%2 — 1 0 0 0 0 WINDOW _TYPE=PAST 0 0 O OW; = —~-WINDOW +1, W; =00 000

R'(w, f) 0 CMMakerFromFFT 0000 OUTPUT OO OO PERIOD OO 0000000000000 O0O
ooo
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6.2.5 CMMakerFromFFTwithFlag
gooood

MutiFFTOODODOOOOO0O0O0ODOOOO0O00O000O0DO0O000000oo0ooooo0o0ooooDooobooOog
gbooooOoboooooaon

goooooo

ooo

good

(booooooooo )

CMMakerFromFFT OO OO ODODODOOOOOOOOOOOO CMMakerFromFFTOO OO OO OODOO
000000000000 DO0D000D0D0O0CMMakerFromFFTOOOOOODOOOO (PERIOD)O O OO
0d0d00o0D0D00do0dooooU0oo0DoOoU0odDoU0DOoU0oDO0oDo0oDOU0OoOoooOooDoOooOon
00oooDoooooooo

(Doooooo |

O 6.18 0 CMMakerFromFFTwithFlagO O O OO OoOoogdd

INPUTOOOODOOOMuUltiFFTOOO0O0O0000000000000000000000000 Matrix<complex<float>
>O000O0ADDER FLAGO int 00000 bool 00D OODOOODOOODOODODOOOOOOODOOOONO
goooooooboobbodoooooooobobobooooooo o ooObboooooouoD oo
0000000000000000000000 Matrix<complex<float> >00000000000000
O0000000000000000O0O0O0OOOOOOO0

MultiFFT
node_MultiFFT_1

LocalizeMUSIC
node_LocalizeMUSIC_1
INPUT OUTPUT
NOISECM

CMMakerFromFFTwithFlag
node_CMMakerFromFFTwithFlag_1

INPUT OuUTPUT

ADDER_FLAG
Smaller -
node_Smaller_1

INPUT1 OuUTPUT
INPUTZ2

O 6.18: CMMakerFromFFTwithFlag O O O O
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0 6.19: CMMakerFromFFTwithFlag O 00000 0O

ooooog O ooooog oo (00

DURATION_TYPE string | FLAG_PERIOD gobobbobooboobooboobo
WINDOW int 50 gboooobooooog

PERIOD int 50 gbooooboooooogd
WINDOW_TYPE string FUTURE ggbgooaobood

MAX_SUM_COUNT int 100 gobgoboooboooboobogon
ENABLE_ACCUM bool false gboooobooooboboooooobo
ENABLE_DEBUG bool false oboO0O000dgn0 ON/OFF

gbooobooboobon

INPUT : Matrix<complex<float> >, 0000000000 0000 MX(NFFT/2+1).

ADDERFLAG :int 00000 bool 0O DOOODOOOOODDOOODOOOODODOOOODOOODODOOO
obooobooooooobooboobooboooboo

OUTPUT : Matrix<complex<float> >0 0000000000000 0OMOOOCOOOCOOOOOOO0O
00 NFFT/2+10000000Matrix<complex<float> >0 00000 (NFFT/2+10)00000
00000 M+MO)OOOO

OPERATION_FLAG : bool DOOUPUTOOOOOOODOOOOOODDOOODOOO truvel0O00ODO
O falseO0O0O0DOOO0ODOOOODOOCOODOOOOOOODOOOODO LocalizeMUSIC OO 6.28 O
ooooogoo

goboo

DURATION_TYPE : string O OFLAG.PERIOD D 00000000000 O00DOOOOOO0ODOOODO
gboobdoboobobooboboobuobbobooobobooboboobobooboooba

WINDOW :int 00500000000 0DURATION_.TYPE=FRAME PERIOD 00O 0O0O0O0O00O0D0O0OO
gboboooooooboboboobooooooboobobobooooooobooboboboboobooooon
ooooooowINDOW O DOOoOOoOOoOOoooooooooooooDboOooooooooooooDbooo
OOOPERIODOOODOODOOOOO0OOOOOOOOODOOOOOOOOOOOOODOOOOOOOn
oooobooooooobooon

PERIOD : int 00500000000 0ODURATION.TYPE=FRAME PERIOD D 00O O0O00O0O0D0OCODOO
gbobooooooboboboobooooooboooboboboooooooboobobOoboboboooon
gooowiINDOW O OOQoooobooooooboboooooboboooooboboooogooo
PERIODOOOOOOO0OO0OO0OOO0OOOOOOOOOOO0OO0OOOO0OOOOOOO0OObOOO0O00
ooooboooobooboooooonod

WINDOW_TYPE : string OOFUTUREOOOOODOOOOOODOOOO0ODODOOOOODOOOOOOO0
OOOOFUTUREOOOOOODOOOOOOOOO OO0 f+WINDOW-10000000000AO
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OOMIDDLEO O OOOC0OO f— (WINDOW/2) OO f+(WINDOW/2) + (WINDOW%2) — 1 000 O
000O0O0O000O0PASTOOCOOOOOOf-WINDOW+100 0000000000000

MAX SUM_COUNT : int 0010000000000 DURATION_TYPE=FLAG_PERIOD OO OOODOOOO
bobooboobooboobooboobobob0ob0obOobOo0OO0Ob0OO0O0OADDERFLAGUOOOODOOO
0000obO0b000o0O0obO0ob00OO0O0O0O0OO0OO00ADDERFLAGO OO0 1000000000000A0
gooobooboooboobooooobooboobooboooboooMAX.SSUM. COUNTODOOOOO
boboooboobooboboooooooobooobobobobooobooobooboobOobobooooon
O OFFOOO0OO00 MAX.SSUM_.COUNT=000000000O

ENABLE_ACCUM : bool O Ofalse 0O 000 OO ODURATION_TYPE=FLAG PERIOD OO O0O0OOO0OO
gbogboobobbobooboobooboobobbooboon

ENABLE DEBUG :bool OOfalse 0000000 0wue 0000000000000 OOOCOOOODOOO
oooobOoboooboobooobooood

oooood

CMMakerFromFFTOOOOOOOOOOOO0OOO0OOOOO0O0OO0OOOOOOO CMMakerFromFFTOO OO
O000O00O0O0OoOoOCMMakerFromFFTOOOOOCOOOOOOOOOOOOOOCOCO ADDER_FLAG
obooobOoooooobooooobooooonog

CMMakerFromFFTOOOOOODOPERIODOOODOCOOODOOOODOOODOOOOOOOODOOOOO

goo
w

’ 1 2 .
R(@.f) = gearos :ZW: R(w, f +1i) (6.4)

OO00000ODO0O0000000 WINDOW_.TYPED OOOODOOOOODOODOWINDOW_TYPE=FUTURE
ooooaw; =0, W, = WINDOW -1 0000 WINDOW_TYPE=MIDDLE 0000 W; = WINDOW/2, W, =
WINDOW/2 +WINDOW%2 -1 0 00 OWINDOW_TYPE=PASTO O OOW,; = -WINDOW +1, W, =00000

000000 DURATION_TYPE=FLAG_PERIOD OO OOADDER FLAGOOOODOOOODOOODOOOO
gooooo

A) ADDER FLAGO 000000000 1000000000000

- 0000000 O0OOOO0OOPERIODO 00000
R (w)=0
PERIOD =0
00000 e CWFIT/Z#DxMxM QOO0 oO00

B) ADDER FLAGO 10000000000 0ODO0O

- booooooboo
R (w) = R (w) + R(w, f +1i)
PERIOD = PERIOD + 1

C) ADDER FLAGUO 100000000 OCOO0O0OO0OOOOOOOd
- JddooboooooooboooouTPUTOLOOOOO
Rout(w»f): mR,(w)
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D) ADDER FLAGO 00O00O0000O0O00000

- 0bdoooobobbbooooob
Rouf(w,f)

0000 Row(w, f)0 OUTPUTODO0O0O0OO0OO0OCOOO000O00OC0OCO0O0O000000000C0000 Row(w, f)
00000000 C) 000000000

0 O O DURATION_TYPE=FRAME_PERIOD [0 ] 0 D ADDER FLAG O 1000000000000 (6.4)0
O0000000000000O000
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6.2.6 CMDivideEachElement
ooooono

ubobooboooobooboooobooooobooboo

ooooooo

ooao

good

(DooooooooO

CMMakerFromFFT O CMMakerFromFFTwithFlag O O 0D 000 0000000000000 00000000
o0o000o0o0o0o00O0OO0O0O0

(boooooo )

O 6.19 0 CMDivideEachElement D OO0 OO0 00O O0OO

CMA 0000000 CMMakerFromFFT O CMMakerFromFFTwithFlag OO OO OO0O0O0OD0OODOODOOO
0000 Matrix<complex<float> >0 0000000000000 ODOODOOODOODOODOOOOOOO
00o00o0ooooocMBOOODOD CMADODOOODOOOODOOOOOOOOOCMA./CMBOO
00000000 ./00000000000O00OPERATION FLAGO intO00OO0O0O boolOODOOODOO
ododoDO0oo0oooDoDoUooooooooon

MultiFFT
node_MultiFFT_1

LocalizeMUSIC
CMLoad node_LocalizeMUSIC_1

Constant e INPUT ouTPUT

FILENAMER CMDivideEachElement NOISECM
FILENAMET node_CMDivideEachElement_1

OPERATION_FLAG cMA QUTPUTCM

node_Constant_1

Constant

cmB
node_Constant 2 . .
CMIdentityMatrix OPERATION_FLAG

node_CMIdentityMatrix_1
Constant ouTPUT
node_Constant_3

Constant
node_Constant_4

O 6.19: CMDivideEachElement O O O O

oboooboooooboooo

O 6.20: CMDivideEachElementO O O OO OO0

goooog g gooooo (oo (oo
FIRST_.FRAME_EXECUTION | bool false 10000booooobooooboon
ENABLE_DEBUG bool false OO0O0O0O000O00 ON/OFF
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CMA : Matrix<complex<float> >0 0000000000000 O0OMO0O000000000O0000O
NFFT/2+1000000 OMatrix<complex<float> >0 00000 (NFFT/2+10)0000000
000 M+MO)OOOO

CMB : Matrix<complex<float> >0O0OCMAOOO0O

OPERATION_FLAG :int 00000 bool OO0OOOO0OO0O0 100000000000 00O0O0ODODOO
oood

OUTPUTCM : Matrix<complex<float> >OOCMA./CMBUOOOOOO0OOOOOOOOOOOOOOO

goboon

FIRST_FRAME _EXECUTION : bool O0false 0 O0O0OODOOtue J 00O OPERATION.FLAGO OO 0
gooobooooboob 1ocobobboooboobooooboooDo

ENABLE DEBUG :bool OOfalse 0000000 0wue 0 0000000000000 OOCOOOODOOO
oooobOoboooboobooobooood

gooooo

oboooboobOooboooboobooooooobooooboooooboboooboooOoboooobooooon
OiexMxMODODODOOD0OODO0OOExMxMOODOODODOOOOOODOOOOODODO0DOAkODOOOO
OO0 G=NFFT2+1H)OMODOOOODOOOOODOOOO

OUTPUTCM = zero_matrix(k,M,M)
calculate{
IF OPERATION_FLAG
FORi =1 tok
FOR i =1 to M
FOR i =1 to M
OUTPUTCM[i][j1[k] = CMA[i]l[j]1[k] / CMB[i][j][k]
ENDFOR
ENDFOR

ENDFOR
ENDIF

}
ouTpUTCM O OOO00DOOOODOOOOODOOOOODOOOODOOOOODOOOOODDOOOOD
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6.2.7 CMMultiplyEachElement
gooood

ubobooboooobooboooobooooobooboo

ooooooo

ooao

good

(DooooooooO

CMMakerFromFFT O CMMakerFromFFTwithFlag O O 0D 000 0000000000000 00000000
o0o000o0o0o0o00O0OO0O0O0

(boooooo )

O 6.20 0 CMMultiplyEachElementD 00O O0O0OdO0O00O0O

CMA 0000000 CMMakerFromFFT O CMMakerFromFFTwithFlag OO OO OO0O0O0OD0OODOODOOO
0000 Matrix<complex<float> >0 0 0000000000000 OOOCOODOOODOOOOOOOOOONO
Oo00oooooooocMBOOOOO CMAODOODODOODOOOODOOOODOOOOCMA «CMBOUO
00000000 «000000000000OPERATIONFLAGO int00000O boolOODODOOOOO
OO0000oooooooooooDooooooon

MultiFFT
node_MultiFFT_1
R LocalizeMUSIC
CMLoad node_LocalizeMUSIC_1

node_CMLoad_1 INPUT ouTPUT

Constant
node_Constant_1

A FILENAMET .
GEvETLEE CMMuitiplyEachElement
Constant = node_CMMultiplyEachElement_1
node_Constant_2 ” .
= = CMIdentityMatrix et AT
node_CMIdentityMatrix_1 cmB
Constant OUTPUT
node_Constant_3
Constant

OPERATION_FLAG
node_Constant_4

FILENAMER. ouTPUT

NOISECM

VALUE

O 6.20: CMMultiplyEachElement 0 0 0O O

gbooobooooboooon

CMA : Matrix<complex<float> >0 00000000000 00OMOO00O0O00O0OCOO0DODOOODO
NFFT/2+10000000Matrix<complex<float> >000000 (NFFT/2+10)0000000
ooowMmM«=MmMO)0O4QonoO
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O 6.21: CMMultiplyEachElement 00 000 00O

oooooo 0 oooooo (oo oo
FIRST_FRAME_EXECUTION | bool false 10000bo0oooobooooobooon
ENABLE_DEBUG bool false OO0O0O000D000 ON/OFF

CMB : Matrix<complex<float> >0O0OCMAOOO0O

OPERATION_FLAG :int 00000 bool D OOODOOODO 10000000 OOODOOOOODOOOOO
oood

OUTPUTCM : Matrix<complex<float> >OOCMA «CMBUOUOUOOOOODODOOOOOOOOOOOO

gobooo

FIRST_FRAME_EXECUTION : bool O0false 0000000 Otue 0000 OPERATION.FLAGO OO 0
obooobobooooob 1ocoboboobooboooooonoo

ENABLE DEBUG :bool OOfalse 000D 0O0O00twue 0D 0000000000000 O0O0OO00ODOOO
oooobooooboobooooog

gooood

oboooboobOoboooboooooobooboooboooocobooooboooboOoboooobooooaon
OO0O000 CMMultiplyMatrix OO OO0 CO0O00D0 AxMxMOODOOOOOODODOOO0kxMxMDOOOO
oooobo0obo0oooobouobogk000DOob0ob0 (k=NFFTR2+DHOMDOODOOODOODOOOODOO

OUTPUTCM = zero_matrix(k,M,M)
calculate{
IF OPERATION_FLAG
FOR i =1 to k

FOR i =1 to M
FOR i =1 to M

OUTPUTCM[i][j]1[k] = CMA[il[jI1[k] * CMB[il[j][k]
ENDFOR
ENDFOR

ENDFOR
ENDIF

3
ouTpUTCMUOUOOODOODOOOOODOOOOOODOOLOOODODOOOOODODOOOODODLO
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6.2.8 CMConjEachElement
gooood

gbooooobooog

goooooo

ooo

oood

CEEEEGEEEEE

CMMakerFromFFT O CMMakerFromFFTwithFlag D 0 0 O 00 0000000000000 0000DODOO
oo0oooooooooooon

(Doooooo |

O 6.21 O CMConjEachElement 0D O OO0O0OO0OOOO
O0000D0OCMMakerFromFFT O CMMakerFromFFTwithFlag OO OO0 0000000000 COO0OO
0 Matrix<complex<float> >0 0000000000000 OO0O00O0O0O0O0OCCOOODOOOOOOO0OO
ooooooo
node_LocalizeMUSIC_1

INPUT QUTPUT
NOISECM

CMLoad CMConjEachElement
node_CMLoad_1 node_CMConjEachElement_1
FILENAMER INPUTCM OUTPUTCM
FILENAMEL

OPERATION_FLAG

O 6.21: CMConjEachElement 0 0 O O

gbooobooooboooon

INPUTCM : Matrix<complex<float> >0 000000000000 0O0MODODOODOOOOOOODOO
OO0 NFFT/2+10000000Matrix<complex<float> >00000O0 (NFFT/2+10)00000
oo0oooD M«=MDO)OOoOOd

OUTPUTCM : Matrix<complex<float> >OOINPUTCM OOOOOOOOOOOOOOOOODODOO

gobooo

oono
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gooood

oo0oobooobO0oboobo0D exMxMOOODOOODOO00O0O0O0AxMxMOOOOOOODOOO
O000Do0Db0o0o(k0000000 k=NFFT2+1HOMODOODOOOOODOODOOOO

calculate{
FOR i =1 to k
FOR i =1 to M
FOR i =1 to M
OUTPUTCM[i][j][k] = conj(INPUTCM[i][j1[k])
ENDFOR

ENDFOR
ENDFOR
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6.2.9 CMlnverseMatrix
ooooono

uboooboobooobooboooooboooooo

gboooooo

ooo

oood

CEGEEEGEEEEE

CMMakerFromFFT O CMMakerFromFFTwithFlag 0 0 0 000 0000000000000 0000D0O0OO
OO00oo0oooooooooooooon

(Doooooo |

O 6.220 CMInverseMatrix D0 00O OOOO0DOOO

INPUTCM O O 0 00O 0O O CMMakerFromFFT O CMMakerFromFFTwithFlagD OO0 00000000000
000000 Matrix<complex<float> >0 000000000000 00O0COCOODOOOO0OOOOOO
OO0000O0O00D0OOOOPERATION FLAGDO intO000O0 bool DOOODOOODODODOOODOOOO
goooooooooooo

MultiFFT
node_MultiFFT_1
INPUT OUTPUT "
LocalizeMUSIC
CMLoad node_LocalizeMUSIC_1
Constant Lo onie ] INPUT ouTPUT
node_Constant_1 S SATRAT NOISECM

FILENAMET
OPERATION_FLAG

Constant =
CMInverseMatrix
node_Constant_2
= = node_CMInverseMatrix_1
VALUE
INPUTCM OUTPUTCM
Constant OPERATION_FLAG
node_Constant_3
Constant
node_Constant_4

VALUE

O 6.22: CMInverseMatrix O 0 O O

obooobooooboooon

0 6.22: CMInverseMatrix OO0 0O OO0

gbooooog g oooooo (oo (oo
FIRST_FRAME_EXECUTION | bool false 10000booooobooooboon
ENABLE_DEBUG bool false OO0O0O0O000D0O00 ON/OFF
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INPUTCM : Matrix<complex<float> >0 0000000000000 0OMOO0O0O0OO0O0OOOOOO
00 NFFT/2+10000000Matrix<complex<float> >000000 (NFFT/2+10)00000
00000 (M+MO)OOOO

OPERATION_FLAG :int 00000 bool OO0O0OOO0OO0O0 100000000000 00O00O0OOODOO
oood

OUTPUTCM : Matrix<complex<float> >00000000000O0OOOOOO0O0O

goooo

FIRST_FRAME _EXECUTION : bool O0false 00000000 tue d 00O OPERATION.FLAGO OO 0
ooooboooooboob 1ocobobbooboobooooboooo

ENABLE DEBUG :bool OOfalse 0000000 O0twue 0000000000000 OOOCOOOODOOO
ooooboboooboobooooooo

gooood

obooobobo0ooboboooboobob0ekxMxMmMDOOOOOOOOODODkODODOOOODOO
OO00000000DODb0O00xk000D0000 (k=NFFT2+1H)OMDOOOOOOODOOODOOO

OUTPUTCM = zero_matrix(k,M,M)
calculate{
IF OPERATION_FLAG
FORi =1tok
OUTPUTCM[i] = inverse( INPUTCM[i] )

ENDFOR
ENDIF

3
ouTpUTCMUOUOOODOODOOOOODOOOOOODOOOODODOOOOODODOOOODODO
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6.2.10 CMMultiplyMatrix
gooood

uboobobooobobooobooboobooooobooonoo

ooooooo

ooao

good

(DooooooooO

CMMakerFromFFT O CMMakerFromFFTwithFlag O O 0D 000 0000000000000 00000000
O0o000o0o0O0OD0O0O0O0O0O0OOOOOOOOO0

(boooooo )

0 6.230 CMMultiplyMatrix DO OO OCOOOOOO

CMA OO O0DODOOCMMakerFromFFT O CMMakerFromFFTwithFlag O 0 0D 000000000 O0DO
0000 Matrix<complex<float> >0 0000000000000 0O0OOCODOOODOOODOOOOOOO
oooooooobocMBUODODOOD CMAOODOODOOOODOOODOOOOODODCMAx=CMBO OO
OO00000OO0OOOOOOPERATION FLAGO intJO00O0O bool ODODOOOODODOODOOOODDOOOO
ooooooboooo

MultiFFT
node_MultiFFT_1
INPUT QUTPUT N
LocalizeMUSIC
CMLoad node_LocalizeMUSIC_1
Constant node_CMLoad_1 meUT ouTPUT
node_Censtant_1 FILENAMER CMMultiplyMatrix NOISECM
VALUE FILENAMEL node_CMMultiplyMatrix_1

OPERATION_FLAG CMA OUTPUTCM
Constant
CMIdentityMatrix e
VALUE node_CMIdentityMatrix_1 OPERATION_FLAG
Constant SR
node_Constant_3

Constant
node_Constant_4
VALUE

VALUE

0 6.23: CMMultiplyMatrix 0 0 O O

obooobooooboooon

0 6.23: CMMultiplyMatrix 0000000

gooooog O oooooo (oo (oo
FIRST_FRAME_EXECUTION | bool false 10000b00oooobooooobooon
ENABLE_DEBUG bool false OO0O0O000D0O0 ON/OFF
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CMA : Matrix<complex<float> >0 0000000000000 O0OMO0O000000000O0000O
NFFT/2+1000000 OMatrix<complex<float> >0 00000 (NFFT/2+10)0000000
000 M+MO)OOOO

CMB : Matrix<complex<float> >0O0OCMAOOO0O

OPERATION_FLAG :int 00000 bool OO0OOOO0OO0O0 100000000000 00O0O0ODODOO
oood

OUTPUTCM : Matrix<complex<float> >O0OCMA«CMBOOOOOOO0OODOOO0OO0OOOOOOOO

goboon

FIRST_FRAME _EXECUTION : bool O0false 0 O0O0OODOOtue J 00O OPERATION.FLAGO OO 0
gooobooooboob 1ocobobboooboobooooboooDo

ENABLE DEBUG :bool OOfalse 0000000 0wue 0 0000000000000 OOCOOOODOOO
oooobOoboooboobooobooood

gooooo

oboobOobo0oobOobobooobooboooobobo0 exMMxmMOOOOOOOOOOOOKkOOOO
ooooooooooooobo0boobsk00D0ooog k=NFFT2+HOMOODDOOOOOODOOOO
ooo

OUTPUTCM = zero_matrix(k,M,M)
calculate{

IF OPERATION_FLAG
FOR i =1 to k

OUTPUTCM[i] = CMA[i] * CMB[i]

ENDFOR
ENDIF

3
ouTpUTCM OO O0OODOODOOOOODOOOOOOODOOOODOODOOOOODODOOOOODODOO
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6.2.11 CMlIdentityMatrix
gooood

ubooobooooboboooboooooon

ooooooo

ooao

good

(DooooooooO

LocalizeMUSICO OO0 NOISECMOOOO0OO0O0O0O0OO0OOOLocalizeMUSICOODOOOOOODOOOO
OOFFOOO00DDOOOOD

(boooooo )

0 6.24 0 CMldentityMatrix 0 0 000000000
oobooboooboooobooboobooooboooboooOoooobooboobooobooooooon
gbooobobooobooboooobobooooboobooooon

MultiFFT
node_MultiFFT_1
Ll SLLTHAT LocalizeMUSIC
node_LocalizeMUSIC_1
INPUT OuUTPUT

CMIdentityMatrix NOISECM
node_CMIdentity Matrix_1

QUTPUT

0 6.24: CMIdentityMatrix 0 0 0 O

gbooobooooooooon

0 6.24: CMIdentityMatrix 0 0 0 00 00O

ooooog O ooooog (oo b0
NB_CHANNELS | int 8 ooboooooooo M
LENGTH int 512 gbooooboboooooboooon NFFT
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OUTPUTCM : Matrix<complex<float> >0 000000000000 0OMOOO00000O0ODOOO
O NFFT/2+10000000OMatrix<complex<float> >0O000000 (NFFT/2+10)000000
o000 M«=MO)OOOO

gobooon

NB_CHANNELS :int 00 00000000DOOCO0O0O0O0OO0O0O0ODOOO0DOOOOOOO0OODODOO0ODO
ooooboooobooboosboooooobon

LENGTH : int 0051200000000000000000 FFTOOOODOOOO FFTOOOOODODOO
oooono

gooood

oobooobOoMMOOOOOOOOOOOOOODOO0O0O0O00O000O000A0 Matrix<complex<float>
>go0ooooooooo
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6.2.12 ConstantLocalization
gooooao

0000000000000 0000000000000DANGLES, ELEVATIONS, POWER, MIN_ID O
ooooooooboooooooonb (ANGLES) OO O (ELEVATIONS) OO O O (POWER) DO O OO (MIN_ID)
ob0oobOobooogobodvector0 00000000 ODOOOOOOODOOOOODOODO

ooooooo

uog

oood

(0ooooooooo)

oooobooobOoboooboobOooooboooooooooobooboOoooobooooooooon
uboobabooobobooobobooboboobobooboboooboboobobbooboboa
gbooobooboobgoooboobooboo

(0oooooo)

ge2500000000DOOODOOUODOOOODOUOODON IterateJ 0000000 DOOODOOO
gooooood

gboooboooboobon

SOURCES : Vector< ObjectRef > 000000000000 OOOOOObjectRef 0000 O OOOSSourced
oooooodo

gobooo

O 6.25: ConstantLocalizaton O O O O QOO0

gooooag a gooooag oo | og

ANGLES Object | <Vector<float> > | [deg] | DOOOODO (DOODOO)
ELEVATIONS | Object | <Vector<float> > | [deg] | DO DOOO (@OODOO)
POWER Object | <Vector<float> > | [dB] | OO OO0OO

MIN_ID int 0 oooao

ANGLES :Vector< float > 0000000000000 O0O000ODO (00)DODOO0OO0OOO00ODODO degreeld
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LOOPO

node LOOPOD_1

SIS Ny OUTPUT

ConstantLocalization DisplayLocalization
node_ConstantLocalization_1 node_DisplayLocalization_1

SOURCES SOURCES OUTPUT

Iterate
node_ Iterate 1

SIS Ny CONDITION

O 6.25: ConstantLocalizatonO0 OO O: 00 MAINOOOOODOODO,O00 Iterator DO OO0 OOODO.

ELEVATIONS : Vector< float > UUOUO00ODOOOOO0ODDOOOOO@MO)DOODOOOOODODO degreed

POWER : Vector< float > 00000000 0OOOOOOOOLocalizeMUSICOOOOOOODOOOODO
gbo0oobooboooobOo MBjboOoOoboOobooooooboOoodBlODODOODO

MINID :int0000000000000O0O0DOOODODODOO0OOCOO0O0O00O00O0O000O0oOO0Oo0Oo
oooooOoooObObO00000000000000 ANGLESO ELEVATIONSOOOOO0OO0O00000
MINIDOOOOOODOOO0O0O00O0DDOO0OO MIN_ID = 000 OANGLES = <Vector<float> 0 30>
ooooboboobOoOoooObOOobDobUp3bLObOOooOoDOO1IDbOOOO0ODO

oooooo

D000 NDO/iDODOD0OO0OO0000 (ANGLE) DO ;000 (ELEVATION) O ¢, 0000000000 DOO0OO
oboooboooooogon

ANGLES: <Vector<float> a; ... ay >

ELEVATIONS: <Vector<float> e; ... ey >
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OO00OO0OCCOCOCOCOCOCOOODOODOOO0ODOOO ConstantLocalizatonODOOOCOOOCOOQOOQOOOOOO
oooooobooon «x,y,zpOOooOooooboooooOobooooooobooooooboboooo

x; = cos(a;m/180)cos(e;mw/180) (6.5)
yi = sin(a;w/180) cos(e;xm/180) (6.6)
zi = sin(e;m/180) 6.7)

OO0,000000000 ConstantLocalizatonOOOOOOO (POWERODODOOODOOO 1.000000
ohHhooooo MINID+H0O00O0O0D0OO0O
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6.2.13 DisplayLocalization
gooooad

Ooooo0oOo GrkKkOooooooooooooooooonon

ugbooaooad

ooao

good

GEEEEEEEEE

goooboobooboboobooboobooobag

(boooooo)

ConstantLocalization 0 LocalizeMUSIC OO OO0OD0ODOOOO0OO0OO0ODOOOOODODO 6.26 00 O ConstantLocal-
izationO0OOOOOOO0OOOOOOOOOO

gbooobooboobon

SOURCES : Vector< ObjectRef > 0O 0OO0O0OOOOOO0O (Sourced)OOOOOdd

OUTPUT : Vector< ObjectRef > 0OOOODOOO (SourceD)OOOOOOOOoOO
ogoogo

0 6.26: DisplayLocalizaton 0000000

oooooo O gpoooog oo oo

WINDOW_NAME string Source Location oodoooboooooooooood
WINDOW_LENGTH int 1000 Frame | 00000000 OOOOOOOO
VERTICAL RANGE | Vector< int > ooog oooooooooogoo
PLOT_TYPE string AZIMUTH ooooooooan

WINDOW_NAME : string0 00000000

WINDOW_LENGTH :int 00000000 1000000,0000000000000 10000000000
oboobooooboobo,0coboboooboobooboobooo.
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LOOPO

node_LOOPOD_1

ISRy OUTPUT

ConstantLocalization DisplayLocalization
node_ ConstantLocalization_1 node_DisplaylLocalization_1

SOURCES SOURCES OuUTPUT

Iterate
node_Iterate 1

LNy CONDITION

0 6.26: DisplayLocalization 0 0 O O O (ConstantLocalization 0 0 0O)

VERTICAL RANGE :Vector< int > JO00000000O0ODOOCOCOOOO0OOOOOOOOOOOO
O00000ooooooO0DbO0O00D <Vector<int> -180 180>000000000ODOODO-18000
Owooooooooooo

PLOT_TYPE :string0000000000D0000AZIMUTHOOOOOODOOOOOODOOOELEVATION
uobooboooobooboooood

oooooo

oooooooooooooo30oombbo0 100000 oo0oobooooooboooooooD IDO O
gboooliooo,2000030000d
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6.2.14 LocalizeMUSIC
ooooono

0000000000000 00000MuUItiple SIgnal Classification MUSIC) D00 O0O0OD0DO0OOOOO
oo0oo0oo0000oDObO000oDOO000DOO00OHARK ODOOO0O0ODOOO0O00ODOOOOODOOO

goooooo

goboobooobooboobobooooooboooboooooboooboboooooooboooooOoobooooooo
obooooobooboooooboon

oood

oooooOMUSICO OD0OO0O0O0OO0O0bO0oo0ooOooooooobooooobooobooobooooboooobooon
boboobooobooooboobooooooooboobooboooobooooobOoobooobooooboOooon
bobooboobooobooboooobobooooboobooooboobooobOooboooon

(boooooo )

Oooooooobe270000O

ChannelSelector MultiFFT
» node_ChannelSelector_1 node_MultiFFT_1
iz ez INPUT OUTPUT INPUT OUTPUT

node_AudioStreamFromWawve_1

INPRL LS AUDIO
L1 =38 CONDITION

Constant
node_Constant_1 LocalizeMUSIC
VALUE CMLoad node_LocalizeMUSIC_1 e —
isplayLocalization
node_CMLoad_1 INPUT OUTPUT piay "
Constant EroEn e rT node_Displaylocalization_1
NOISECM
node_Constant_2 - =
—EE SOURCES 11 [V} 3y OUTPUT
VALUE
OPERATION_FLAG

Constant SourceTracker

node_Constant_3 node_SourceTracker_1
VALUE INPUT OUTPUT

O 6.27: LocalizeMUSIC O O OO

gbooobooboobon

INPUT : Matrix<complex<float> >, 000000000000 MX(NFFT/2+1).

NOISECM : Matrix<complex<float> >0 000000000000 DOOMODOOOO0O0O0ODOCOOOO
OO0 NFFT/2+10000000Matrix<complex<float> >000000 (NFFT/2+10)00000
oooobwM=MO)OOOOOODODOOOOOOOOODOOOODOOODOOOODODOOOODO
oooobooogoo
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OUTPUT : Vector<ObjectRef>O 00000 OO0O0O0OOOOObjectRefdOOSource DO OODODODOONO
dooooMUSICODODODOOOO0DOODOODOO0OO0DOODOVectorO0O0OOOOOO (N)OMUSIC
0do0dD000o0D0ooo0ooDooooooooDoooog

SPECTRUM : Vector<float>000 0000 MUSICOOODOOODOOOOO (6.16)0 POOOOODOO0O
gboboooooobOoetbbOobOOoOoOobOObDObObOObOOOOObOOOObOObOObOOOOOn
ooooboooobooon

oooobooooobogob e300 OODOO

LocalizeMUSIC
node_LocalizeMUSIC 1

LocalizeMUSIC

INPUT node_LocalizeMUSIC 1

NOISECH Add Output x

o Delete Name LocalizeMUSIC
4 Add Input SPECTRUM node_LocalizeMUSIC 1

INPUT OUTPUT

4 Add Output
Help | Add | Cancel

&

NOLISECM SPECTRUM

Step 1: LocalizeMUSIC OO0 OO0 Step 2: Outputs DO 000000 Step3: 0000 SPECTRUM OO
U00AddOutput 0O OO0 SPECTRUMUO0OO0OO0O0AAdOOO OO0O0OO0OOO
oo

O628: 000000000 :SPECTRUMUDOONO

MUSIC ALGORITHM : string00OMUSICODO0OOO0O00OO0OO0OOOOODOOOOODOOOOODO
O00oooOSEvDOOOOO0OO0O00O0O0GEVDOOOOOO0O0O0O000GSVvbOOoooooooooan
00 LocalizeMUSICO ONOISECM OO O OO0ODOOOOOOODOOOODOOOOOOOOOOODO
OoooooboooooooooooooOoboOoOoSEvDOOOOO0OODODOO0OOooOoObOOoOoooDoODOO
SEVDUOO0OO0O000O0 NOISECMOUOOO0OO0OO0O00O0O0O0DO0O00O0GEVD O GSVD OO0 NOISECM
oob00o0obOob0ooOobobooboOobO0O0bO00b00OGEVDDO GSvDUOOoOoooooooooooon
goboooooboo40000000D0OOLOO0OO0ODOODODODOOODODOOODODODbDOODbOOn
obooboooobooboooooboooobooboobooboobooobooboooon

TF_CHANNEL_SELECTION : Vector<int>O 0O 0O0O0OO0000O0000O0O0O0OO0OO0ODOOOODO
gooooooooobooooooboooboobboooooooooooboooooboooobooooo
ChannelSelector 0 00000000000 00000000000 O00O 800000000 DO0OODOOO
<Vector<int>0 123 45 6 7> 0000000000000000000WM)ODO000C0000O0OO
OooooOooooooocoooINPUTOOOOOO0O00000O0DO0O000 TF.CHANNEL_SELECTION
ooooboobooobooboooooog

LENGTH : int 0051200000000000000000 FFTOOOODOOOO FFTOOOOODODOO
oooono
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0 6.27: LocalizeMUSICO O OO OOO

oooooo O ooooog oo oo
MUSIC_ALGORITHM string SEVD muSICOODOOOOO
TF_CHANNEL_SELECTION Vector<int> good gooooood
LENGTH int 512 [pt] FFT OO (NFFT)
SAMPLING_RATE int 16000 [Hz] ubooaooadaod
A_MATRIX string oooooooooogo
WINDOW int 50 [frame] | OOOOO0DO0OOOO0DOO
WINDOW_TYPE string FUTURE oooobooooon
PERIOD int 50 [frame] | OODOOO0OOCOD0OODOO
NUM_SOURCE int 2 musICOOOODOOO
MIN_DEG int -180 [deg] obooobOoooooogon
MAX_DEG int 180 [deg] oboooooboooogon
LOWER_BOUND_FREQUENCY int 500 [Hz] oooooobooog
UPPER_BOUND_FREQUENCY int 2800 [Hz] gbooooobooog
SPECTRUM_WEIGHT_TYPE string Uniform oooobooooon
A_CHAR_SCALING float 1.0 AOOODOOOOOO
MANUAL_WEIGHT_SPLINE Matrix<float> oood oooooboooogon
MANUAL_WEIGHT_SQUARE Matrix<float> good gbooooobooog
ENABLE_EIGENVALUE_WEIGHT bool true oooooooo
ENABLE_INTERPOLATION bool false ubooaooadaod
INTERPOLATION_TYPE string FTDLI oooooooo
HEIGHT_RESOLUTION float 1.0 [deg] goooooo
AZIMUTH_RESOLUTION float 1.0 [deg] oooooooo
RANGE_RESOLUTION float 1.0 [m] goooooo
PEAK_SEARCH_ALGORITHM string LOCAL_.MAXIMUM gooobooogn
MAXNUM_OUT_PEAKS int -1 goooooo

DEBUG bool false OOo0O00O00 ON/OFF

SAMPLING_RATE :int 0016000000 00000000000000O0D0D0OCOOOLENGTHOODODO
ooooboooobobooonogd

AMATRIX :string0 000000000 0OO0DOOODOOOOODOOODOOODOOOOODODOOOOODOO
O000DOO000DOoO0o0oooO0o00DOO000DO0000OO000000Oharktool40 000

WINDOW :int005000000000000000CO0000DOOO000O0DOODO0O0O0OODOLO
goboooboooboooboobbooobooboooowINnDOW D OOoooooooooooobo
obooboboooboobooboobobooooobooooboobooooboboooboan

WINDOW_TYPE :string O OFUTUREOOOOOOOOOOODOOOODODOOOOODOOOOODOO
OOOOFUTUREODODOODOODOOOOOOOOO fFOO Ff+WINDOW-10000000000OO
OOMIDDLEOOODOOOOf—-(WINDOW/2)O O f+ (WINDOW/2)+(WINDOW%2)-10000
O0oooOooooPASTOOOODOOOOf-WINDOW+100 fO00O0O0O0OOOOOOO

PERIOD
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gooobooboooobooobooooobooobooboooooobooobooOooooboobooboooDbn
obboooooobOobooobooooooobooboboboooooooooobobooooon
oooooo

NUMSOURCE :int00200000000MUSICOO0000DOOCO0O0O0OOOOOODOOOOOOOOO
oob0oobOooooobOoooOooobOoooOoooboOooboOooooOoooobooo NOoobooooo
obl<N,<M-1000000000000O00O0O0D0O0ODODOOOOOOODODODOOOOn
gbobooboooobobooooooooboobobobobooobooboobobOobobooooon
ooooboooooogoo

MINDEG :int00-18000 0000000000000 0DO0O0OO0ODOOO00OO0OOO0 6, 00000
ogooooooooooooooooboobobOOOO000ooooooooobooooOoboooOoooo
O00o00oOoooOo =z1800D000000300 000000000 DODOOODOO0OOODODOOOOOO

MAXDEG :int00 00000000 0O0O0ODO0OO0ODO0OO0ODOO0OOOOODOOOOoOOnD 6, 00000
O000DO0OO000O0O0OMINDEGOOOODOOO

LOWER_BOUND_FREQUENCY : int 005000 00000000000000000000000000
00000000000000000 0w 30000000000 < wpix < SAMPLING RATE/2 000
oooooo

UPPER_BOUND_FREQUENCY : int 0028000 00000000000000000000000000
00000000000000 e 000000000 Wpin < Wmaxr < SAMPLING RATE/2 00000
0ooQ

SPECTRUM_WEIGHT_TYPE : string DO Uniform 000000000000 O00CO0OCOOCODOO
MUSICOOOOO ODO0O0O0O0Oooooobo0ooooooooDDunifor md000DO OFFOOODODOO
A_Characteristic 0 J 000000000000 000O0OCO MUSICOOOOOOODDOOManual_Spline
OO0MANUALWEIGHT SPLINEOOOOOOO0OO0OO0O00O00O0 CubicOOOOOO0OO0OOO0OOOO
OO0 MUSICOOODOOOODOManual_Square 0 0 MANUAL_WEIGHT SQUAREO OO OOOODO
oooobooooooboooMuSICOODOoOOoOoDOoOoO

A_CHARSCALING : float001.00000000D0AOCO0OO0O0DODOOOOODOOOOODODOOO
gbobooooAdOODODOOOOO0OOOOO0ODOODOO0ObOO0ObOObOOO0OOOOOoDOOobO0ObOO0OOn
goboooooobADODODOOOOOOOODODODODOOOOOODODODODODODOOOO
gboboobooboobobobooooooobobAbObOOOOOOOOOOODbOObOObOOODbOOn
oboooooboooooooobooon

MANUAL_WEIGHT _SPLINE : Matrix<float> 00
<Matrix<float> <rows 2> <cols 5> <data 0.0 2000.0 4000.0 6000.0 3000.0 1.0 1.0 1.0 1.0 1.0> >
0000000020 KOO fleatODOOODOOOKOODODOODODOODODOODOOODOODOO
d0odo100o0o0oooo20000000000000bO0oooooDoooDooDoooooooo
000000000000 0D00000000 0[Hz]ODO 8000HzZ]ODOODODOODODOOOOOO 10
oooonooooooo

MANUAL_WEIGHT_SQUARE : Vector<float> [ O<Vector<float> 0.0 2000.0 4000.0 6000.0 8000.0>
O00000O0D0MANUALWEIGHT SQUAREOODOOUOODOOODOOODODOOODDOOMUSIC
0000000000 OMANUALWEIGHT SQUAREOOOOOOOOOODOOOOOO0O0000 10
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gobooOoobooboooobooobooboooooobOOooboOobobOOoOoOoDboOg 2000([Hz]O
0 4000[Hz]O 6000 [Hz] O O 8000[Hz] D OO MUSICOOOOOOOOOOOOOOOOO

ENABLE_EIGENVALUE _WEIGHT :bool OOtrue D0 00000 0Owue 00 O0OMUSICOOOODODOODO
gobooooooobooboboooooooogoobobooooboooooobobobooooon
0000000000000 0D0000000OMUSIC.ALGORITHM O GEVDDO GSVDOOOODDO
NOISECMUOO000DOOD0OO0O0000DOOO0O0000ODO0OO0000DODOODOOfalse00DOOOOO

ENABLE_INTERPOLATION :bool OOfalse OO0 0OOOOOOAMATRIXOOOOOOOOOOOOOOO
0000000000000 00 wreeD DO DODOOOO0O INTERPOLATION.TYPEO D ODOOOODODO
Ooo0ooooooobooboOonb 00dd HEIGHTRESOLUTIONO OO OOO AZIMUTH_RESOLUTION
00000 RANGERESOLUTIONOODOOOOO

INTERPOLATION_TYPE : string OOFIDLIODOOOO0O00OO0O00O0O0OOOO0O0OOOO00OD
HEIGHT_RESOLUTION : float 00 1.0[deg] OO O0O00DDOOO0O0ODOOO0OODOOOODODOOOOD
AZIMUTH_RESOLUTION : float 0 1.0[deg] OO O O0O0OO0OO0O0D0ODOOO00ODDOOOODOOOODO
RANGE_RESOLUTION : float 00O 1.0[deg] OO DO0OO0OO000OOO0O00ODDOOOODOOOODO

PEAK_SEARCH_ALGORITHM : string 0 O LOCAL.MAXIMUM OO OOO0OOOMUSICOOOODOO
oob0O0o0oboobooobooobooboooboob0oLoCALMAXIMUMOOOOOOOOOOOOOOO
go0oobobo0oo0ooob0obo00o0bO0b000UOHILLCLIMBINGODOOODODODODODOOOOO
goboobooobooooboobooooboooboooobooboobooboOooooboooaoon

MAXNUM_OUT_PEAKS : int 00-1 000000000000 0CO0O0O0OOo00O0O00O0ODOOOO
00000000000 O0OMAXNUMOUTPEAKS ( 000000000000 O0O0OCDOOOOO
MAXNUM_OUTPEAKS OOOO0OO0O00O0-100000MAXNUM_OUT_PEAKS = NUM_SOURCE O
oooooooo

DEBUG :bool JOOODOOODODO ONOFFOOOOOODOOOOOOOOOOODOOODOOOOOooooDO
gobooobooobobooobooboobooooboobo0ooooooooobooobooooboooDbon
o0oiboooooobOoobOobOOoOoOoobOObOOob0Oo0oOoOoDO0bOO000OO0O0OOoDbOnbDO0On [deglO
0000000000000000000 MUSICOODOOOOOOOO0OOO (6.16)0 POOOOOO
00000000000000“MUSICspectrum: ” 0000000 (6.16)0 P@OOOOOOOOO A0
oooobooog

oooooo
mMuSICOOOOOOOO0O0OOO0O0OOO0O0ooOo0ooobO0ooooooobOoooobooooDoOoooDoO
gbooooOoboooooobooon

gooooooe:
muSiICOOOooOOoOOoOooooooooobobOoboboooooooooooooDoboboboboo
boooooobooboboboooobobose0bOonOOobOO S@UOiODO00O000 M;O00000O00OO0
obooobod i, wyUOOOOOOOOOODOOOO0OOO0O00O00O000O0000000

H@O,w) =[h6,w), -, hy6,w)] (6.8)
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goboooboobobooboobobo aApO00D0OO0O00OO0OO0O00O00O0DOOOOO0O0ODOOOODbODOOODO
OOOHARK OO0O00O0O00O0O0OOODDOOOOOCCOOOOODOO0O0000O0OODOOOOODODOObarktool4
Uo000o0o0bo0o0o0oob0b0o0o0o0b0b0o00o0DUDbO harktool4 D OO DO OD OO O O harktool4 O
goOoOOoOOoOoOOoOOO0OOOLocalizeMUuSICO OO O0O0O0O0O0O000000000000000O0O00O
o000 AMATRIXOOOOOOOOOOODOOOOOOOooOooOobOoOooooooooboooboooooo
goooooobobooobooobooboobooobooboooboooboobobooboooooboooobooo
goooooboooobobooooobooooo

uboboobooooboobooogne:
HARK OO0 00000OO0OO0OCOOO000O0oooooooMmMOoODOOOOOO0O0OoooooDOoCobooOog
gbooobooboooboobooobooobooboooooboooo

X(w, ) = [Xi(w, ), Xo(@, ), X3, ), -, Xu(w, OHI" (6.9)

OD000DeD0O00O0 fO0O00ODDO0OO0OHARK ODOOOODOOOOODODO MUiFFTOODOOOOO
0000 Xw,HOOOOODOOOODODOOOODODOOOODOOOODOOOOODOOO0ODOO

R(w, /) = X(w, )X (w, f) (6.10)

ocoooroooooooooobooobooooDoDobo0D Rw, HODOOODOOOOOOODOODODOOOO
0000000000000 0DOO000O0COHARK OOODOO0OOOOO00DOODOOOoDoOobDOooo

1

R/ = ynpow

Wy
ZR(w,f+i) 6.11)
i=W;

UboboobOobDOobDOo WINDOW_TYPELD O OOOOOOOOOOOOO WINDOW_TYPE=FUTURE O
ooow, =0, W, = WINDOW -1 000 0OWINDOW_TYPE=MIDDLE 0 000 W; = WINDOW/2, W, =
WINDOW/2 + WINDOW%2 -1 0 0 0 OWINDOW_TYPE=PAST O OO OW, = -WINDOW+1, W, =00000

gooobooobooooooboo :
muSICOOODOO .1)ODOOOO0ODOD Rw, HODOOOOODOOOOODOOOOODOMOO
gbooboobo0ooboobobooboobobooooobobonoo
oobooobooooobo0b00Ud0OHARK OO OO0 ooboobbooobooobboobboooooo
00000000 LocalizeMUSICOOOOOOOOOO PERIODOOOOODOO
LocalizeMUSICOOODOOOOODOOOOOOO MUSIC ALGORITHMOODOOOOODOOO
MUSIC_ALGORITHM O SEVD O O0OO0OO0O0D0OO0OO0OOODOOOOOOOO

R(w,f) = Ew, )Aw, Y E  (w, f) (6.12)

O000Ew fH)DOODDOOO0OOO0O00C0O000000 Ew,f) = [e1(w, f), ex(w, ), enw, £)1 0 O
AlwOD0DDO0DO0000000000000000000000000000000A(w)00000 [41(w), (), . . ., Au(w)]
0000000000000000

MUSIC_ALGORITHM 0 GEVD O 0000000000000 000000000

K (w, R (w, HK (0, f) = Ew, ))Mw, HE (o, f) (6.13)

ODO000K(w,HO fO00000 NOISECMOODUOOODOOO0O0ODDOO00DO0K(w,HOOODOOOO
O000o0D Kw,HOOOOOOOOOOOOODOOOOOODODOOOOoOoDOOOOOoOooooDooDoOoo
ooooobooooon
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MUSIC_ALGORITHM 0 GSVDOOOOO00O0O0000000000000000
K0, HNR (,]) = Ew, HAw, NE; (@, f) (6.14)

OD00O0Ew, f),E(w,f)0000000000000000000000000000000A(w) 0000
0D0000000000000000
0000000000000000 Ew AODOOOODOOOOOO0OO0O000000000000000
0000000000000 0000000000000000000000000000000000000
00000000000000000000000N,00000[e;(w),--,en(w)]000000000000
000 [en+1(w), - en(w)] 000000000000000000 LocalizeMUSIC OO N, 0 NUM_SOURCE
DO00o0o00oO0oo

mMusSICOOOODOOOO:
gobooooooMuSICOOO0OO0DOOoOoooooooooooooooooooboooobooooooooog

|H* (6, w)H (6, w)|
Sy H* (0, wei(w, f

ooooboooboooboooobooobooooobooboOoooobooboOooooboobooooon
oobobooooooobobobobooobooboboooboobobooobooooooooboooobooon
ooooooooboooooboobooboooobooboooDobooobOoooobDboDoboboOoDoOb
ooooooooopPe,w, HOODODOOODOOOOOOO0OOO0ODODOOOOO0OO0O0O0O0O0DODOOOO
obooooobooboobobobooboobobOobOobobOOobOoboooooobooooboooooooobon
gboooboboooboobooobooboooooDo

PO, o, HOOOO0O0DODOOOOOOMUSICODODODOOOO0ODOODOOOOOOODODOOOOODOO
gooo

PO, w, f) = (6.15)

Winax

PO.H= Y, Waw, HWu(w, PO, w, ) (6.16)

W=Wmin

0000 Wminswmee 000000 MUSICOOOO0O00000000000000000000000000
LocalizeMUSIC 0 0 00 0 0 0 LOWER_.BOUND_FREQUENCY, UPPER_ BOUND_FREQUENCY 000000
ooo

O000W,w ) 0000000000000 0000000000000000000000000000
000 LocalizeMUSIC 000000000000 ENABLE EIGENVALUEWEIGHT 00000000000
00 Ofalse 0000 Waw, f)=10true D000 Walw, f) = Vi(w, H)OO0O00

000W,(w, AD0000000000000000O0O0OLocalizeMUSIC O 0 SPECTRUM_WEIGHT_TYPE
000000000000000000

o SPECTRUM_WEIGHT_TYPE O Uniform O O O
O000DO0O0DOO000ODO000D0O00OW,(w, H=10000

e SPECTRUM_WEIGHT_TYPE O A_Characteristic O [0 [
O000000000D000000 ADOODD WwODODOOe6290 ADODDOODOOODODOOO
000 00000 Ww)ODOODOLocalizeMUSICOOOOODODOODODODDODODOOODOOODOOODOO
0000000 A.CCHARSCALINGOOOOOOOOA_CHARSCALINGO oOO0OO0OOOOOODOO
0000000 Wew) OODODDOOOOOODO 62900000000 =10000 «a=40000
W(aw)

gbobooooooooogooMusSICOOO0OO0OOooooooono wyw,f)=1002 OO00O00O00OO0OO
0 6300 ACHARSCALING=1000 W,(w,H)OODOO
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e SPECTRUM_WEIGHT_-TYPE O Manual Spline O O O
MANUAL_WEIGHTSPLINEO O OO OQOQOQOQODODOODOODO0O0OOOOOoOoOoOOo00oooooooo
000 OMANUAL_WEIGHTSPLINE O 20 £k00 Matrix<float>0O OO OO0 OO0 OOOOoOOOO
0000000000000 DO000000 k00000000000 0OOMANUAL_WEIGHT_SPLINE
oo
<Matrix<float> <rows 2> <cols 3> <data 0.0 4000.0 8000.0 1.0 0.5 1.0> >
O000oooooooOoDO 3000000000 o0,4000,8000Hz]O 3 000000000000000O1,
05 1000000000000000O00000O000O0O W, (w,HDOO 6310000

e SPECTRUM_WEIGHT_TYPE O Manual_Square 0 O 00
MANUAL_WEIGHT SQUARE 0O 000000000000 O00DOO0000000000O0O000A0
0 O MANUAL_WEIGHT_SQUARE [0 k00 Vector<float>O 0O OO0O0O0OO0O0O0O0OOOOOOOO
O0oooboob «000D0000000D0O0OMANUAL_WEIGHT_SQUARE 0O [
<Vector<float> 0.0 2000.0 4000.0 6000.0 8000.0>
oooooooooo w,(w, HOO0 632000000000000000UPPER.BOUND_FREQUENCY
0 LOWER.BOUND_FREQUENCY U O OOOOOOOOOOODOOOO0OOODOOO0O0OO0

0000 SPECTRUMOOOOO (6.16)0 P, H00D0O00ODOODODOODOOODOAOOODOOOOODOO
O0000O0OO0SPECTRUMOOO0OODOOO P, HDD0D0DO0O00DDOO0DODOODOOOODNe, Nd, Nr [
gboobOobooooobobooooobooooboboooboOoboon

FOR ie = 1 to Ne
FOR id = 1 to Nd
FOR ir = 1 to Nr
SPECTRUM[ir + id * Nr + ie * Nr * Nd] = P[ir][id][ie]
ENDFOR
ENDFOR
ENDFOR

==+ A CHAR SCALING = 1.0
—— A_CHAR_SCALING = 4.0

3 4 5 6 7 8
Frequency [kHz]

0 6.29: SPECTRUM_WEIGHT_TYPE = A_Charasteristic U D D00 AOODOOOOOODOO

Weight

1 2 3 4 5 6 7
Frequency [kHz]

O 6.30: SPECTRUM_WEIGHT_TYPE = A _Charasteristic,c AACHAR_.SCALING=100000 Wy(w, f)

ooodgo:
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Weight
e
o

OO

Frequency [kHz]

0 6.31: SPECTRUM_WEIGHT_TYPE = Manual _Spline 0 0 O 0O O W, (w, f)

Weight

1
0.5+
0

1 2 3

4 5
Frequency [kHz]

O 6.32: SPECTRUM_WEIGHT_TYPE = Manual Square 0 OO0 00O W, (w, f)

oooo 160 PO,HOO000 6,:, 00 6,,00000000000000000000O0DOOOD0
MAXNUM_OUTPEAKS OO0OO0OO0OO0O0O0O0O0O0O0OO0O0OCOOO0OO0O0O0O0OMUSICOOOO0OO0O0O0OOd
obooobOooooboonOo MAXNUM.OUTPEAKSOOOOOOOOOO0DOOO MAXNUM_OUT_PEAKS
Uo0oD0o0booO00obD0oo0obooobboobobOo0D PEAKSSEARCH ALGORITHMOOOOOOOODOO
000000000000 OLocalizeMUSICOOOOOOO Gpin O ey 00000 OMIN.DEG O MAX_DEG
oboooOoboooooboboooooboooon

ao:

O0000O0MUSIC ALGORITHM O GEVD O GSVD OO OOODOOOOOOOO (6.15)0 MUSICOOO
0000000DbOO0o0bOooooooon

ooooboooboo4boo7sob02s0b-2500-7500000b000boobooboobooo

0 6.33(a) O O MUSIC_ALGORITHM O SEVD OO 0OUOODO0ODODODOODOODOODODOOODOODOOOO
00000000000 00000 (.15 0 PO,w, HNOOODODODODOODOOODODODOOOOOOOO0O-150
00000000000 00000 4000000000000000000DO0O00DOODOOO

0 6.33(b) U OMUSIC_ALGORITHM O SEVDOUOOUOUO40000000000O0O000O MUSICOOOO
0oodogdel33(aibidnooboobonoboonoooooo

0633c)0000000000O0O 6330b)00000O K(w,f)ODOOOOMUSIC_ALGORITHM O GSVD
dooooDooooooDoooMUSICOODDODOO0ODOO0OO0OD0D00ODDO0K(w,HODODOODOODOOO
0o0o00ooonooooooo40000000000000D000DO0O00OO00DOO0O0OO000Od
0000000000000 000GEVDO GSVvDUOODOOoooooooooo

oood

(1) Futoshi Asano et. al, “Real-Time Sound Source Localization and Separation System and Its Application to

Automatic Speech Recognition.” in Proc. of International Conference on Speech Processing (Eurospeech
2001), pp.1013-1016, 2001.

@ oooo,oobo,000b,sdbooboOobooboooooDybbOoboDOobOoon

(3) K. Nakamura, K. Nakadai, F. Asano, Y. Hasegawa, and H. Tsujino, “Intelligent Sound Source Localization for

Dynamic Environments”, in Proc. of IEEE/RSJ Int’l Conf. on Intelligent Robots and Systems (IROS 2009), pp.
664-669, 2009.
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6.2.15 LoadSourceLocation
gooooao

SaveSourcelocaton 0 D 0 00O O0OO0O000O00O0OOOOOOOOOO
goooooo
000000000000 00000o0o0oo0 ?00000000000000000O00O SaveSource-

LocationO OO OOO0O

good

(booooooooo)

obooooboobooobooobobooo,ooboooobobooobobooobooooboooooooooboooon
ocooooo0.0oooooooooooooo,0b000DOb000DO00b0b0O0,00000 LoadSource-
LocatonO OO OOOOO.

(0oooooo)

O 6.34 0 OLoadSourcelocation0 00O OO FILENAMEOOOOOODOOOOOOOOOOOOOOO
gobogboboooboobooboboobobooooboobooboooboobobooboboboo
gbooooOoboooooaon

gboooboooboobon

ooao

SOURCES : Vector<ObjectRef>0O 0000000000 OOOOCOOODODODO (LocalizeMUSIC O Constant-
LocalizatonO D)0 DODOOOOOOOOOObjectRef O OODOOODOO SourceDOODOODOONO

NOT_EOF :bool 00000000 DOOOOOO falseJO0O0ODOOOOOONerator DO0O0O00O0DODO
obooooooooboboooobooooooboooboog

goooo

FILENAME :string0 000000000000 DOOOOOOCOOO
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LOOPO

node_ LOOPD_1

ISRy OUTPUT

DisplaylLocalization
node_DisplayLocalization_1
LoadSourcelocation e

node_LoadSourcelLocation_1
SOURCES
g =ei g CONDITION

0 6.34: LoadSourcelocaton0 OO O: 00 MAIN 000000 D0O0OO terator OO O OO0OOOO

O 6.28: LoadSourcelLocatonO O OO OO0
gooooo O gooooo 0o oo

FILENAME string oboooooobooooooboo

gooood
OO0000O0O000DOOo00oDoOOoSObo000DOb00OoDbOO00n0DOg Vectorodono
1. 000:1000000
2. ID:0000000000000000 ID
3.00000x00:000000000000000000D00
4. 00000 yOOo:.-0000000O000O00O0O0O00O0O00O0
5. 00000 z00:000000000000D0O0O0OODOO
gboooboooobobooobooooon

FILENAME is empty DO 0O0OOD0O0O FILENAMEOOOOODOODOOOOODOOO
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Can’t open file name JO0O00OO000000O0ODDOOOOOODODDOOODOOOODOODDODDOOOO
oooono
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6.2.16 NormalizeMUSIC
gooooao

LocalizeMUSIC 00O OOO0OOCOOO MUSICOOOOODO (01100000000 OSourceTracker O
gbooobOobooooboboooooboooon

googood

ooo

good

(booooooooo |

HARKO0OOOOOOOOOOOO0OO00 '0D00000 MUSICODOOO000D000000000000
OMUSICOOOODOOOOODOOOOOO0OOOOO0O0ODODOO0O0O0DOOO00O0DDOOOLocalizeMUsIC O
CO0O0OoOO0oOooOoOoOoooMuSICOOOOO0ODODODOSourceTracker 00 O0O0O0O0ODOCOOOOOO
oobooobboobooooobooobobooobooboOooooooooo MuSICOOOOOO o1joboboobo
O00000OSourceTracker 1000000000000 O09S0000000000O0O0O0O0O0O0OO

ooboooooooooboooooooMuSICOOOOOOooOooooOoooobooooooooobooon
goooMuSICOODODOOOOOOOoDODOobDOoboooooobobo MUSICOODODODOoDbOOoOoOoOooO
o/ooooooMusSICOO0OO0000ODOOO00O000O0ODOO0000ooODOOOOOooDoOoDODObO0OO
oMiSICOOOOOOOO0OOoO0ooOobooooooooooooboooo

(bbooooo )

O 6.350 NormalizeMUSIC OO OODOOOOO 6.35000LocalizeMUSICOOOO0OOOOO (OUTPUT:
Oo000DoUoooDOo MUSICUOOODOUOODOOODOOOOOSPECTRUM: DOO0O MUSICOOODOO)OO
NormalizeMUSIC O O OO0 OO OO OO OO NormalizeMUSIC O 0 O SOURCES_OUT 0O O LocalizeMUSIC O
OO OUTPUTOOOO SourceTracker 0 OO OOOCOOOOO

node_MultiFFT_1

INPUT - OUTPUT: SOURCES_IN - SOURCES_OUTS
1NOISECM LocalizeMUSIC spEmumt:)):msmispec NormalizeMUSIC 01spect-|

node_LocalizeMUSIC_1 node_NormalizeMUSIC 1

node SourceTracker 1

O 6.35: NormalizeMUSIC example
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0 6.29: NormalizeMUSIC O OO OO0O0O

googod U

goooog

go

go

SHOW_ALL_PARAMETERS | bool

INITIAL_THRESHOLD float

ACTIVE_PROP float

UPDATE_INTERVAL int

PRIOR_WEIGHT float

MAX_SOURCE_NUM int

PARTICLE_NUM int

LOCAL_PEAK_MARGIN float

false

30

0.05

10

0.02

100

INITIAL.THRESHOLD O OO OO QOO
ooooboooo/ooboooon
ooboooo/ooooog MusICcO
oooobobooobooboooooog
ooooboboooooboooobooog
obooobooooboobooooonod
oono
gobooooobooobooooooon
ocoooooboMusSICODOODODOO
goooogoon
oooobOobooobooboooooonod
oooo
obooboooboobooboi1ocoo0d
oooobooooooboooooonod
ooooboooo
oooobobooobooboooooog
ooobOoboooobooooon
MuSICOOOOOOOOOOOOOO0d
ooboooooobooooogon MU-
SicOO0ogoooon

uboooagoooobgan

SOURCES_IN : Vector<ObjectRef> O [ LocalizeMUSIC O OUTPUT O OO OOODOO (COODOODOO
OoMUSICOOOOO)OOODODOOOOD

MUSIC_SPEC : Vector<float> [ O LocalizeMUSIC O SPECTRUM O O00D0OCOOOO MUSICOOOO
gooobooooboobooooooo

SOURCES_OUT : Vector<ObjectRef>0O 0000 SOURCESINODOOODOOOOOODOOOOODOO
gooMuSICOOOODOO [o1jobooooboboooboobooobooono

01_SPEC : Vector<float>0O0OUOOO MUSICSPECODOUOO00ODOOOODOOOODOO

goooo

SHOW_ALL PARAMETERS :bool 00000000 falseOO OO INITIAL.THRESHOLD OO0 O0O0OO 0O
O000000000 true0000000DO0OODOOOOOINITIAL.THRESHOLD OO OODOOODO

oooobooboood

lDoooloms 00000005 00000000000
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INITIAL_.THRESHOLD : float 000000 2000000000 DOO0O000ODOOO0OOOOOOOY
oobOooboooobooobbooobooo@ oo ACTIVEPROPOOOOODOOOOOOODOOODOO
oooooooo

ACTIVEPROP : float 000000000 0.050MUSICO O 0000 UPDATEINTERVALOODODDODOO
gobooooboooobooboobooboooboooooooooooobooooboMusSICoOooooo T
00000Dp0O0000 TOOOOOACTIVE_LPROPO 600 0ODOINITIAL.THRESHOLD OO OOODO
MuSICOOOOOOOOOOOOooOOooOoOoeerpO0D00DODOOO0ODOODOODODODOOOOO
ooogooo

UPDATE_INTERVAL : 000000000000 DOOMUSICOOODOOOOODOOOOODOOOOODO
0000000000000 00000HARKOOOOOOO0OO0O0O00016000Hz)O00O0OO0OOO
0000000 MuiFFTOOOODOOCOO160 (p)D OO0 001 (sec) DO O O0OODODOOOOODODOO
O00OLocalizeMUSICOOOOOOOODOSO0CO00O0O0OO0OO0OO0Ssec)DOO0 MUSICOOOODO
O000D0ODOO0OODODOOOUPDATEIINTERVALO 1000000005 Gec) D0O0O0D0OOOODO
ooooboobooooboooon

PRIORWEIGHT : 00000000000 DOOOOO0OO00ODOOOOO0O0O0OODOODOODOODOO
gbooboboobuooboobobob oboboboboobo bobooboobooboo

MAX_ SOURCENUM : MUSICOOODOOOOO0ODOOOO0OOOOO0OOO0O00OOO0O0O0DOO0O0O0DO
goboobooobOooooobooobooobooboooboooobooboOoboooboOooooboooOon
gbooobobooobobobooool300000o0oboo0ooon

PARTICLENUM :MUSICOOOOOOOOOOODOOOOOODOOOODOODOOOOoDOobOOooOn
oooooMusSICOOOOooOoO 7200 ¢ge00O0O0O0OO0O010O)0D0O0O1000D0000000DOO
oo @uobOobobobooob 72x300000)0obobooooobooboboboooooon
oono

LOCAL PEAK MARGIN : MUSICOOOOOOOOODOOOCOOOOOOODOOOMUSICOOOODOOO
OooooooooboooooooooMuSIcCOO0OoDoDoOoOoOoooooooooo MuSICODOO
goboobooooobooooooobooooboobooMuSICOOOO0OooOoooooooDoon
oooooOoboooooooooon

gbooaod

O00000: 00000000000 000000000000 MUSICOOOOOOOOO000O0O000
000000000000000000000000000000000 VB-HMM((OOOOOOOOOOO
000)000000000000OMUSICOO0O0O00000000000000000000000000
0000000000000

00000000 63600000000000 MUSICOOOOOOOD (0 63600000000)000
0000000000000 (@)00000000000000 (0)0000000000000000000

00000000000000000000000000000000000000000000000000
VB-HMMOOOOOOOOOOOOO 70000 PO MUSICOOOOCOOOODOT O UPDATEINTERVAL
0000000000000DO LocalizeMUSICOODOOOOOODOOOO0OCOOOOOVB-HMMOODO
00000000000 ag,Be,me.ap,bp 0000000000 Daganby 0000000 10000000
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oood

OO00000: 0 63700NormalizeMUSICO000D0OCO0O00OOODOOOODOODODODO SOURCES.IN OO

ERIERAA MUSIC ARSI LA A
SOURCES_IN MUSIC_SPEC

MUSIC ART KL
AV P

no

UPDATE_INTERVAL
TL—LiZiE?

v v J, yes
music/Xo— | MUSIC RRI ML EMRIE
exmz  [© e | ek IS A—BEL
l : INSA—A
v —> BRHER
BERIEHRE A ERIERRGRILH A =3 MUSIC ARIk)L
SOURCES_OUT 01_SPEC = EFIERRTEL

0e637:000000

SOURCES. OUTOUODOOO0O0OO00OO0OOODOODbOODOobOOoOooooMuSICOODODOoDooooooooo
OoMusSICOODOOOoOooooooooooDboOoOooOooooooobo)ooboooooooooboobooog
MuSICOOOOOO0OOOO0OOO @oOo)y@ooooooMusSICOOOoooobooooooboooo
OO0 @O)OODODODOOO SourceTracker 00O OO0 OOO0DOOOCOMUSICOOODOOOOODOOO

oooooooooogo
ooooooooMuSIcCOODODOOO0OOOO0O0O0oOO00oDOO0o0ooDOoO0oooDOO0oOoooDoOOO

gbooooOob200000000000000000
. MUSICOOODOO0O0OO0OODOO UPDATEINTERVALODOOOOOOOOOODOO
2. 000000000D00000000 ACTIVE.PROPODOOODO

. 00000b0ooboboobobo robobo poMUSICOOOOO x,,000002.0000000AC-
TIVE.LPROPO OO O OO0
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gbooob:. booooboboooobolioboboooobobooooboobooooobOx,0000
INITIAL. THRESHOLD D OO 00000000000 erDO0O0O00O0O0O0OOCODOOODOOOOOOON
ooo

oo0000: DoooooOooooooooooooooooooMUSICOODOODOOOOOODODODOODO
gbooooMuSICOOOO0O0O0O0O0OO0OrpO00O0O0O00DOO0O0OOODOOOOOOODOOOOODOOD0OO

0o0000O0dooo0oOd:. 0obooDOoobooooooooooooooooooobooooooooad
oooooo

gooMUSICOOODODDOODOO: MUSICOOOOODDODOODODOOODOOOODOOOOODOOoOoOO
000000000000 DO0000D0DO00O0O0D000 LecalizeMUSICODOOOOODOOOODO DEBUG
Otrue00000000DOO0OO0DOOOODOODDOOODOOOMUSICODDODOODOOOODOOODODO (@
python+matplotlibllmatlab 0 0) OO OO OOUOHARKOOOOOO 0O330000000000000000
oopoooooMUSICOOO0ODOO0ODODO0O0D0ODO00O0O0D00O0OHARKOOOOOO O8O0O0O0Oooon
00000000 0D0DO0ODO LocalizeMUSIC O NUM_SOURCE O 100 0O 0OLOWER_BOUND_FREQUENCY
O 1000Hz) OO ODOOooOoMUSICOOODODOODODOO0DODODOODOOooDoGOO

O000000: 00000 ACTIVE_.PROPOPRIOR_WEIGHT O 0 O O OINITIAL_.THRESHOLD O OO (O
200 0) 0 00O d NormalizeMUSIC O SOURCES_.OUT OO 0O OO SourceTracker 0 0 00O 0O O THRESH 0O O
dooooosOdpDoonoopDooooonoonoooooooMuSICODOO0DODODOoOoODOoooooDoa
0000000000000 00000000INITIAL.THRESHOLD O 500000000000000 (O
20 — 25 — 30)d

000000O00000: 000bOoO0o00(HoooooboooooMuSIcCOODODDoODOoOOoOoOoooe)d 6.36
0o0odo0odooobOooDoooOoooooOoooooooooMmobDooDoooboooDoooonoo MuSIC
000000000 (LocalizeMUSIC OO OO OO DO )d LocalizeMUSIC O LOWER_BOUND_FREQUENCY O
00000 800-1000 Hz) OO DOUODOODO0ODOODOODODODO0OOoO0DoOoo0ooDoooooooon
oMUSICOOOOOOOOO0ODOOO0O0OO0OO0OQ@)O0OO0OINITIAL.THRESHOLDOOODOOO (d:300
O035000000)0PRIORWEIGHTOOODOOD (O:0.05-0.100000)0O

0o00ooooodo: 0O0oDodoo (hooooooooo MuSICODODOOODOOOO(@2) INI-
TIAL.THRESHOLD OO OD0OO0OOO() OO0 OO LocalizeMUSIC D0 OO O0ODOOOONUM_SOURCES O
oo0odooUoooU0oOoDU0O0OD0 UUoD M-1,M-200000000000000 MOOOOO)HO
LOWER_BOUND_FREQUENCYOUPPER_BOUND_FREQUENCY O O D OODODODOOOOOODOOODOOR)
O00OINITIAL.THRESHOLD O OO O QOO0

good

(1) Takuma Otsuka, Kazuhiro Nakadai, Tetsuya Ogata, Hiroshi G. Okuno: Bayesian Extension of MUSIC for
Sound Source Localization and Tracking, Proceedings of International Conference on Spoken Language Pro-
cessing (Interspeech 2011), pp.3109-3112. 2

000D, 0000,0000,000:D000D00MUSICOODOO0O,0340 AIDOOODO
0 O, SIG-Challenge-B102-6, pp.4-2504-30,000000. 3

Zhttp://winnie kuis.kyoto-u.ac.jp/members/okuno/Public/Interspeech2011-Otsuka.pdf
3http://winnie.kuis.kyoto-u.ac.jp/SIG-Challenge/SIG-Challenge-B 102/SIG-Challenge-B 102.pdf
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6.2.17 SaveSourceLocation
gooooao

oooooooooooboooooboooobooo ?0o0oOo0O0oooDo.

ugbooaooad
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SOURCES : Vector<ObjectRef>O0 000000000000 O0OObjectRef 00 OO0OOODO Sourced O

OUTPUT : Vector<ObjectRef>0 000 (Source0)OOOOOOOODOOO

FILENAME : string0 00000000000

O 6.30: SaveSourcelLocatonO0 OO O OO0
oogoooo a oooooo (oo | oo

FILENAME string obooooobooooon

gooood

obooobooooobooboooooooon

FILENAME is empty DO 0OOODOO FILENAMEOOOOODOODOOOOODOOO

Can’t open file name D0 0000000000 O0O0COODOODOOOOODOOOCOOOO
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Iterate
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6.2.18 SourcelntervalExtender
ooooono
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node_AudioStreamFromMic_1
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INPUT_SOURCES

Synthesize
node_Synthesize_1
INPUT OUTPUT
LocalizeMUSIC node_SourcelntervalExtender_1
node_LocalizeMUSIC_1 SOURCES OUTPUT

INPUT OuTPUT
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NOISECM
SaveRawPCM
node_SaveRawPCM_1

EaNCEE i EE Aan SourceSelectorByDirection INPUT [o[l3y Vs iy OUTPUT
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O 6.39: SourcelntervalExtender 0 O OO : lterator OO O OOODOO
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obooobooooboooon

SOURCES : Vector<ObjectRef>[ OSource O DO OO0OODOOO0OO VectorDOODOOODOObjectRef
O000D0O00OSourceJO0DOOOOODODO

OUTPUT : Vector<ObjectRef>0 0000000000000 000O0D0OCOOCOOOOObjectRef 0000
O00OSource0O0O00O0OOOOO

goooo

0 6.31: SourcelntervalExtender 0 0 OO0 OO0
gooood O gooooo od od

PREROLL_LENGTH | int 50 [frame] | OOOO0O0O0OO0D0OO0O0OOOOOOOOOOOO
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obooobooboooboobooo@ed41nm)
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6.2.19 SourceTracker
gooooao
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00000 0O0DooO IbO0000o0oo00oo00oo0oooDoOoDoOOoooDOooD gHbssOoOdoOad
0000000000 (DisplayLocalization) 0O OO0 O0O

064200000000000000DO0O0ODO0O0ODOO0OQO SourceTrackerDO0OOOOODOOODDOOO
00O ConstantLocalizaton 0 0 0000000000 O0OOOOOOOODOODOODOOODOODOODOOOOOO
0 ConstantLocalizaton 00 0000000000000 O2000000000 MIN_SRCINTERVAL 00O
00000 20[deg] D0 00O0DOOO1IO00DOOO0O00ODOOOOOO

ANGLES: <Vector<float> 10 15>
ELEVATIONS: <Vector<float> 0 0>

0000000 ConstantLocalization 00O O O

gbooobooooboooon

INPUT : Vector<ObjectRef>00OIDOOOOOOODOOOOODOODO
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Iterate
node_Iterate_1

(sl V Ny CONDITION

ConstantlLocalization
node_ConstantLocalization_1

SOURCES

SourceTracker
node_SourceTracker_1

INPUT ouTPUT

0 6.42: SourceTracker OO O O

SOURCES

DisplaylLocalization

node_DisplaylLocalization_1

IS EEy OUTPUT

OUTPUT : Vector<ObjectRef>0O0 00000000000 IDOOOOOOODOOO

goooo

O 6.32: SourceTracker DO O OO OO

oooooog O oooooog 0Q 0o

THRESH float 0000000000000000000

PAUSE_LENGTH float 800 10 [frame] 0ooooooon

COMPARE_MODE string DEG DEGor TFINDEX | 0000000000 O.DEGOOO0O
O,TFINDEX OO OOO0O0O00.

MIN_SRC_INTERVAL float 20 [deg] 000000000000000. (COM-
PARE.MODE =DEG OO0 00)

MIN_TFINDEX_INTERVAL | int 3 000000000 000000000
0 . (COMPARE_MODE = TFINDEX [ [J
ooo)

MIN_ID int 0 0000000000000

DEBUG bool false 0ooooooooO

THRESH : float 00 0O0O0O0O0OO0OOOOOOOOOOOOOOOO0O0O000O0O0O0O0O0O0O0O0OO THRESH
gboboooboooobobobooooooobooboboboboooboobooboobOobobooooon
obooooooboboobooboooooooboobobobooooobooboobOoboobooooon

gbooobooo

PAUSE_LENGTH : float 000000000 C0O00O0O00O0ODOOODOOOOOOOOOODOOOOOO
OO000O000o0ooOo0o0O00ooO0o0bObO0b0b0000o00D0O0DDPAUSELENGTH /10 [frame]
gobooooooboooboooboooboooobooboooooobooscobooloobooon

Ob00o0ob0O0o080[frame] DO OOOOOODOOOOODOOOOODOO
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COMPAREMODE :0.DEGOO00OOOOO0O0O0DOOOOOOOOOOOOOODOOOOOOOODOO
OOTFINDEXOOOOOOOOOOOOOOOOO0OO0oOOoooooooooooooooooooon
oooobooo@uouobooboobooooD)yooobooogo

MIN_SRC_INTERVAL : float 000000000000 MIN.SRCINTERVALODOOOOOOOOOOOO
goobobbooooooboooooobbObo0ooobobo0ooobobooo0oo0obbOCOMPARE.MODE
ODEGUOOOODOODO

MIN_TFINDEX_INTERVAL : int 0. MIN.SRCINTERVAL OO OOOOOOODOOOO0OO0OOOCOM-
PARE_MODE OO TFINDEX OO OODOO

MINID :int 0 0000000000000 O0 IDO0OOO0OO0O0O00O0

DEBUG :bool 00U true0 000000, 00000000000000000DOOOO

gooooo
oboooOobooooobooboooog
1.1ID: 000 ID
2. 000 ppO00D00OO0O0OODOODOO
3.00xy,z00000000000000000000O00O00
4. 0000 ~O00D0O0OO0OO0ODOOOOO0ODOOOODODOOODOODOOOO

oboooboboooboob pO0b0b000oo0obobobooDobboOonD x0ybzoODOO

0000000000000000NOOOOOOODOODDODOO MOOODODOOOOO0O0O000 =00
nooooo“oooodooooonoo;0odo0oooooooooooooo poooooo

obooobOoboboboobooboooooboboogeefo, 18ojooon

goooooooboood:
Ubb0eDO00OO0ODOO0O0O0O0q =(L,yLz0 gp=(0y,2)000000000000000

q1 - Q2 = |qillgz| cos @ 6.17)

obooobOoboooobobenOOODOO

q1 - Q2 - cos™! X1 Xo+Yy1-Yy2+21"22
lq11lq2| 2, 2.2 [2,. 0.2
X TV H\S Tt t5

(6.18)

6 = cos™! (

oooooooooooooooooo0 ;0000 jo0000000 ;000000

ooooog:

SourceTracker D0 OO0 O000OOOOO0O0 6430000000000 0C000ODODOOOODOOOOO
00 (Hooooooo0o0000000000 (vy0000

gboooooooooboboobaon pf“’Dpé“”El THRESHOOOOODOOOOOOOOOOOOOOO
oooooo0o0o0oo0o0oo0o0oddoooooooooooononOn (=6; 0 MIN.SSRCINTERVAL [deg] O
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0HO0O0OOOOODOO0000O00000D0IDO0000000000 /"0 PAUSELENGTHOODOOOOO
ooooool1ooooooooooooooooooooboOoooobooooooo

6;; 0 MIN_SRCIINTERVAL [deg| DD 0000000000000 O0O0O0O0O0O0O0O0O0O0O0O0O0O0OOOO
0000000000000 0D0D0OAO010000000000A00000000000000000
goooooooooboooobooboooboboboobooooooobobOoboobooboboOoDbooo
OO00oo0oooooo Ibogooogdr™ D PAUSELENGTHOODOOOOD

A MIN_SRC INTERVALK YR NE#ES

PAUSE LENGTHZ#8Z T
ELIAE TN ILEIFER

@'/ EEA AN
MIN_SRC INTERVAL[deg]d& Y
@/ EFNIERCIDER 5

FRIMBENDE

> #1-(ZIDE {5
Ja X @

IS8T —M Time (lteration)
THRESH LA T2 S HIIBR

Sound Source Direction

0 6.43: SourceTracker 00 00000000000 (=000000)00000000DDDDOO
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6.3 Separation (I I 0 [
6.3.1 BGNEstimator

oooooo

uboocoboobobobooooooooboboooooooooobo@ooooboobooboboo
OO0 0OBackGround Noise) 0 0 OO0 0000000000 OOPostFiter00000O000ODOO

goooooo

ooo

good

CEEEEEEEEE

0000000000000 @OODObOO0DbDO0OO0OD0OO00DBackGround Noise) 00O DOO0D0OOODOO
OO00O00D0D0OO0OOOPostFiterDOOOPostFiter 00D OO00OO00O000DOOOPostFiter0DDOOOOO
obooobooboooobobooooobobooooboobooooobon

(Doooooo |

BGNEstmator 00 00O O0O0O0O0 644000000000000000DO0OOODOODOOOODDOOO
OO00000000DD0O0O0PestFiterD0 000000000

MultiFFT
AudioSt F W node_MultiFFT_1 GHDSS
udiostreamrromwave
¥ node_GHDSS_1
node_AudioStreamFromWave_1 LR SHAED
INPUT_FRAMES QUTPUT

INPERGIUS AUDIO
Ll =sl 38 CONDITION

INPUT_SOURCES

PowerCalcForMatrix
node_PowerCalcForMatrix_1

ConstantLocalization
node_ConstantLocalization_1 INPUT QUTPUT

SOURCES

PostFilter p— SaveRawPCM
- nthesize
node_PostFilter_1 nodeysynthsqi’s o node_SaveRawPCM_1
INPUT_SPEC OUTPUT_SPEC — —
" E — INPUT N ouTPUT
BGNEstimator INIT_NOISE_POWER EST_NOISE_POWER LT SUTELT
node_BGNEstimator_1

INPUT_POWER NOISE_POWER

0 6.44: BGNEstimator 0 0 OO0

obooobooooooooon

INPUT_POWER : Matrix<float>00 0000000 0OOOODOOCOO
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0 6.33: BGNEstimator 0O OO QO O0O

oooood O opoooog oo oo

DELTA float 3.0 gooooo

L int 150 [frame] | OO OO0

ALPHA_S float 0.7 oooooooooao
NOISE_COMPENS | float 1.0 oooodoooog
ALPHA_D_MIN float 0.05 ooooooood
NUM_INIT_FRAME | int 100 [frame] | OODOOOOOO

NOISE_POWER : Matrix<float>00 00000000000 DOOOODOOOO

DELTA : float 00 3.00 0000000 00000000 DOOOO0OOOOOOOODODODOObDOOObOOn
obooboooobobooooobooooboobooobooboooooboooo

L:int00 15000000000 0000000O000O00b0b0c0ob0oobooooooboooboooobooon
O@O0DoO0o00)Oo00000O0 AudioStreamFromWave D00 O0O00O0OOOO ADVANCEDO O
ooobobooobooboooooobooog

ALPHA S : float 00O 0700000000 ODO0O0O0O0OO0O0OOCOODOOOODOOODOOODOOOO
gooobooooboboooooobooogoo

NOISE_.COMPENS : float 00O 1.000000000 O0DOO0O0O00OOOOOOOODOOOOOODOOO
ooooboooobooboooo(@oboooobooo)boooon

ALPHA D MIN : float 0O 00500000000 0D000000DOO0O0O0OOODOOO0O0OODOOOO
gbooobobooobooboboooooboooooan

NUMINIT FRAME :int 00 10000000000 ODO00OO0O0OO0OO0ODOO0OOO0OOOO0OOO0ODOO0ODbOOoOOOOn
gooobooooobooooooobo

gbooaod

oooooooooooboooooooooooooooooboOoooooboooooDoobDel0ODOOO
gbooooobooed4stnOn

10 00000ooO0oOoooo0ob:. boooooOooooO0oooDOoooDoOOo S(kpooooooooo
oooopoooooooD XMf-LkpUODOooooooo

Sk = asdn(f = 1k + (1= @)Su(f, k) (6.19)
000000000D00000D00000 Sy (fkh0ooooon

SA(f ki) = 0258,7°(f, ki-1) + 0.58 5" (f, ki) + 0.258 7 (f kiv1) (6.20)
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0634: 000

goo goooooooooooon
S(fok) = [S1(f k), .. Su(f,kp]” | D0DDOD fO0D000D 00000000000
Af k) = [4(fo k), (k)] | 0000000000 D00
P DELTAD OO OO0 0.3
L Looooono 150
a; ALPHASSOOOOOO 0.7
0 NOISE.COMPENSO 0 0O OO 1.0
omin ALPHA D MINO OO OO0 0.05
N NUM_NIT_ FRAMEO OO OO0O 100
S(f, k)): INPUT
BGNEstimator module
. Ssmo(f k)
1. Time, Frequenc > 2. Update
- > VIEQUENEY | | % VP
Smoothing Minimum Energy
1 Smin(](; kl)

3. Background
Noise Estimation

A(f, k): OUTPUT

ODe645:000000DO0OOO

20 0000oobo0o0ooobbO:. Doooobo0ooooOoo0ooooOo0oooOboUoooODbObOOoooDObOOoOooDo
00000000000000 S"Oo00000S™ 000000000000000000000000
goooooOooOOOOOOS™OoOLO0O0ODOODODOODOOOOOOO00O0O0O0O0O00O0O0OOO0

tmp Ssm()(f, ki), lf f = I’lL
SWP(f k) = " 6.21
(k) { min{S,""(f = 1,k), Syro(f, k), if f#nlL ©20
smnpgy = | mInSE (= LRSS R) = nL 622
m (> min{S 7 (f — 1,k). SS(f, k), if f #nL '

bobodr000000000O

3o oooooog:
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1. 0000o0o0oog
obooooooooboobOoboobobobooboooboooooooobooboboboooboooon
oooooooo

So(fik) < 6S™(f, k)OO0 (6.23)
f < NOOO (6.24)
Syefok) < Au(f—1,k) (6.25)

2. 00000000
bogbugoboobobboobooboobodibd a0

. it (74 2 0"

g = amn, if (7 <atin (6.26)

0 (CQO0D0000O0D0O00)

oooobOobooooobobooooobooooogon

An(fik) = (I —ad)dn(f - 1, k) + @408 w(f, ki) (6.27)
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6.3.2 BeamForming
gooooad

ooooooooDoOoDOOOOOOO
e DS:O000O0OOOODOODOO (Delay-and-Sum beamforming)

e WDS:OOOOODOODOOOOODODOO (Weighted Delay-and-Sum beamforming)

NULL:NULLOOOOOOODOOOOOO (NULL beamforming)

ILSE: 0000000000000 00D000D00OD0 (Iterative Least Squares with Enumeration)

LCMV:O0000000D0O0O0O (Linearly Constrained Minimum Variance) D0 OO0 0000

GJ: Griffiths-Jm 000000000

e GICA:OUDDUODDOUODOOO (Geometrically constrained Independent Component Analysis)
oooooooo
e J00I0DDOODOODDOOOODODOOO
e JOOODDODO
e JOOODDODO
OO0000oo000oDoooooooogooooooooo

goooooo
O 6.35: BeamFormingO O OO O OOO
gooooooooo oo
TF.CONJ FILENAME | 0O00OOCOOO0O0OOCOO0ODOO
oooo

(booooooooo |

ubobooogbobouoobobobobooboboboboooobobbobouoboobana
gooobooboobobobobooboobooboobonooo

(bbooooo )

BeamFormingO OO DOODOOODO 6460 000000000O00DOO
. INPUT_FRAMES : MultiFFTO OO O0OOOO0OO0ODOO0O0O0OODO0OO0O0O0OO0

2. INPUT_SOURCES : LocalizeMUSIC O ConstantLocalizaton 0 OO0 OO0 Q0O O0O

3. INPUT_NOISE.SOURCES : OO OO0O00O0OO0O0O0O0O0OO0DOOOOO0
ooooooboooo

134



MultiFFT BeamForming Synthesize
node_MultiFFT_1 node_BeamForming_1 node_Synthesize_1

OUTPUT INPUT_FRAMES OUTPUT OUTPUT

= = INPUT_SOURCES
ConstantLocalization INPUT_NOISE_SOURCES
node_ConstantLocalization_1

SOURCES

O 6.46: BeamForming O O 0O O

gboooboooboobon

INPUT_FRAMES : Matrix<complex<float> >0 0000000000000 O0OD0OO0OODOOOOODOOOO
0000000000000 00000000D0DO000000000o00ooO0o0DOoOooDOon

INPUT_SOURCES : Vector<ObjectRef>0 00 000000000000 Source0O0OOOOOO Vector D
00000000000 SourceTracker O O O OSourcelntervalExtender 00 00000000000 OOO

INPUT_NOISE_SOURCES : Vector<ObjectRef> [0 O INPUT_SOURCES OO0 Source DODODOOOONO
Vector 00000000000 DOOOOO0O0OOOOODONULLOILSEODOOODODOOOOOO
oooobOobooooobobooooobooooogn

OUTPUT : Map<int, ObjectRef>0 0000000 IDOOOOODO 1000000000O00O
(Vector<complex<float> >0 )00 OO

gobooo

LENGTH : int 000000000 [samples]0 0000 00O OO O AudioStreamFromMic O MultiFFT O 0 O
000000000000 0000D0000000d 512[samples]O

ADVANCE :int00000000000 [samples]00 000 00O OO0 AudioStreamFromMic OMultiFFT O O
O0o0o0oDOo0o00ooo0ooooo0o0oobooOO 160[samples]d

SAMPLING RATE :int 00000000000 0OD0O0O0O [HzZIDODOOOOODO 16000[Hz]O

TF_CONJ_FILENAME : string0 00000000000 O0O0O00ODOOO0O0OODOOOOODOOOOOO0
oo 2?00000BFMETHODODOODOOOOODOO

SSMETHOD :string0 00000000000 00DOO0CO00DO00DO0OO0DOO0ODOOOBF-METHOD=GICA
O00ob00obOooGrIcA0 b 0boOobOobODOD ICA (Independent Component Analysis)d O O O O
O00000000DFIX,LC.MYU, ADAPTIVEOOOOOFIXOODOO SSMYUOOOOODOOOO
oooLrLcMyunoonoog SSMYU=LCMYUDOOOOADAPTIVEOOOOOOOOOOOOOOO

SSMYU : flecat 00000000 O0DOOODOOOO0OOOOODOODOOODOOOOOODOOOOD 1.00
BF_METHOD=GICAOOOOOOOSSMETHOD=FIXOOOO SSMYUOOOOOOOOOOOOO
OOOSS.METHOD=LCMYUOUOUOOODODOOOOSS.METHOD=ADAPTIVEO O DOOOOOOODOO
ooobOoooooo SSMyuboooooDooOoOooooobooooooooooo LeMyug oonog
Delayand Sum OO0 000000000 O00OOO INITW_FILENAME OO 00O O O BF-METHOD=GICA
OO0O00D0OO0O000BeamFormingO ODelayandSum OO0 0000000000 O00DOOOO0OOOO
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LCMETHOD :string0 0000000000000 O0O00DOOO0ODOODOOBF-METHOD=LCMY, GJ,
GiIcCAOUOOO0OO0OO0O00O0OO0OO0OO00O000O0000000000D0000 GC (Geometric Constraint)
O0000000000D00O0OFIX, ADAPTIVEODOOOOFXOOODO LCMYUDOOOOoOOoOOooOoO
UOOOADAPTIVEDO O ODOODOOOOOOODOOO

LCMYU : floatO0OODOOODOODOODOODOOODOOOOOOOOOODOOD 1.00BF-METHOD=LCMYV,
GJ, GICAUOUOUOUOUODODDLCMETHOD=FIX O0O0O0O LCMYU OOOuooooooooooooog
LC.METHOD=ADAPTIVE OO OO0OOOOODOOOOODOO0DOO0OO0DO LcMYUOOOGOooOoO
oobo0O0O0O00000000000 SSMYUDO 0000ODelayandSumO00O00000O0O0O0O0OO3
O INITW_FILENAME 0 0 00O OBFMETHOD=GICAOOOOOOOOOODODOOBeamForming O O
Delayand Sum 0 000000000 D0OOO0OOODOOOOOOO

ALPHA : float 00000000 O00OOBFMETHOD=MSNROOOOODOOOOODOOOO 0.990

NL_FUNC : string 0 O BF-METHOD=GICA OO OOOOOOOOOOOOOODOOOOODOOODOOOOn
OO0 TANHOOODOOOOD ((anh) D00 0OO0OOO0O00 TANHOOOOODOOOODODO

SSSCAL : float 00O 1.000000000000DOOO0O0ODOOOO0ODOOOO (tanh)DOOOODODOO
gobogooooboOooooobooboobobOOooboOoboOoobooooOooDOooDboboOobO
ooooboo

REG_FACTOR : int J00.0001 OCOOO0OCOCOOBFMETHOD=ML OOOOOOOOODOOCOOOOODO
gbogbooboooboobooboon

BF_METHOD :string 000000000000 00DOOO0O0OOOOOOOOOOOOODO0OO0OD

e DS:0000O0DO0ODOOODO (Delay-and-Sum beamforming)[1]

e WDS:OUOUODOUOODUOUODOOODOOODO (Weighted Delay-and-Sum beamforming)[1]

e NULL:NULLOOOODOODOOOOODOO (NULL beamforming)[1]

¢ [ISE: 000000000 DOODO0OODOOODOO0ODN (Iterative Least Squares with Enumeration)[2]
e LCMV:O0UIDOUODOODOOODO (Linearly Constrained Minimum Variance) J 0O 0000 ODO [3]
e GJ: Griffiths-JmOOOOODOODOO [4]

e GICA:ODOUOUODOUODUODODO (Geometrically constrained Independent Component Analysis)[7] O O

ENABLE DEBUG :bool O0O0O0000ODO falseDtrue0 000000, 000000000000000O

0 6.36: BEMETHOD=DS,WDSNULLJILSEO O OO0O00O00OO

gooooo O gooooo (oo | od

LENGTH int 512 [pt] | OOOOOOO

ADVANCE int 160 [ptl | DOOOOCOOO

SAMPLING_RATE int 16000 [Hz] | ODOOOOOOODO

TF_CONJ_FILENAME | string gobooooboooooooooooooooon
oo

ENABLE_DEBUG bool false goooooooo
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0 6.37: BEMETHOD=LCMV O OOOOOOOOO

gooooo O gooooo (oo | oo

LENGTH int 512 [ptl | OOOODOOO

ADVANCE int 160 [pt] | DOOOOCOOO

SAMPLING_RATE int 16000 [Hz] | DOOOO0OOCO0OO

TF_CONJ_FILENAME | string goooooboooooooooooooooo
oo

LCMV_LC_METHOD | string ADAPTIVE gooooboooooooooooooooo

LCMV_LCMYU float 1.0 goooooboooooooooooooooo
oo

ENABLE_DEBUG bool false goooooooo

0 6.38: BEMETHOD=GJ O OOODOOOOOO

gooooo O gooooo (oo | oo

LENGTH int 512 [pt] | OOOODODOO

ADVANCE int 160 [ptl | ODOOOOOCOOO

SAMPLING_RATE int 16000 [Hz] | DOOOOCOOO

TF_CONJ_FILENAME | string gooooboooooooooooooooo
gooo

GJ_LC_.METHOD string ADAPTIVE gobobooboodoooooooooooooo

GJ.LCMYU float 1.0 gooooboooooooooooooooo
ooo

ENABLE_DEBUG bool false goooooooo

0 6.39: BEMETHOD=GICAOOOOOOOODODO

gooooo O oooooo (oo | oo

LENGTH int 512 [ptl | OOOODODOO

ADVANCE int 160 [ptl | OOOODOOCOOO

SAMPLING_RATE int 16000 [Hz] | DOOOOCOOO

TF_CONJ_FILENAME | string gooooooooooooobooooooo
ooo

GICA_SS_.METHOD string ADAPTIVE goboooboodoooboocoooboooooooo
goooog

GICA_SS.MYU float 1.0 gooooboooooocoooooooooon
gooooood

GICA_LC_METHOD string ADAPTIVE goboooobooooooooobooooooo

GICA_LC.MYU float 1.0 gooooboooooocoooooooooon
oo

SS_SCAL float 1.0 goooooooobobooooooboooo

ENABLE_DEBUG bool false goooooooo

gooooo

gboodod:. bgbooboobooboobobooaobod

ooboodb: oooooboobbooboog esibObOobbO0oobOoobbOobobOoobDOooDbbObOb
ooooOo0o0ooo0o0ooo0oooooobooOo0ooooOoooOooO0oDbbO00D KOODOoOOoO0o0O d<k<k)
obooooooobobooooobooboboooooooobooonN, M, fO00O0O0O0O0ODOODOOOOOO

oooobooooobooo
gbooobooboooobobooooooboooo

X(H =

HS(f)+ N(HO
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0640: 00000

go g

S =[S1(H),....Sv(DO]" fO000000000000OOOOO0

X =X ... Xu(H] 00000000000000000000O0INPUT_FRAMESOODOO0O0O
N() = [NM(f),....Nu(H]” | DODDDO

H =[H,,...,Hy] e CMN 1<n<NOOOOODO 1<m<MOOOOODOOOOOOOOOO
W(f)=[Wy,...,WyleCV¥ | 0O0O0

Y(f) =), ... YnO]" 0ooooOoooooo

googood

Y(H = WHXW (6.29)

O000Y((HDO S(HODDODODOD0DOW(HDOODODOD00D0000000000000 W() O0EX-
PORT W=true [ J 0 EXPORT_W_FILENAME 0 0 000 00000000000000000000

TF.CONJ FILENAME 0 00 00000000000000000 HOOOOOOOOOOO00O0000O
00000000000 ACOO0O0OOO

BF_METHOD=DS,WDS,NULL,ILSE 0 0 [ : INPUT_SOURCES 0 00 0 0 O INPUT_NOISE_SOURCES [J
000000000000000000000000000AOOO0O0 W(OO0O000O

BF_ METHOD=LCMV,GJ000: 00000000000000 J (W(f) D 0INPUT_SOURCES 0 [0
000 INPUT.NOISE.SSOURCES 0 00 0000000000000 000C0O0000O000N00ONONonno
000000000000000000

Wi+ = W +uVwIp(W)() (6.30)

oJy (W
O000VwdJp (W) = }V(V )D oooob0 pb LCMYUDOOODOOOLCMETHOD=ADAPTIVEO O O
gooooo
JLW)

_ (6.31)

Vo JL (W) Wew

gboooboooobooboooooao
BF METHOD=GICAOUOO: O000000000O00000 Jg(W () OOINPUT_SOURCESOOODO
O INPUTNOISE.SSOURCES OO O0O0O0O0D0OO00O0O0O0OO0O0OO0OOO0DOO0OO0OOOO0OO0O0OO00bO0O0OOn

JgW () = Jss(W() +Jc(W() (6.32)

0000JggW (/) D00000000000000000000000000000Jc(W()D000
00000000000 0000000000000000000000000000000000

Wi+ = W +ussVwIssW)H() +u.cVw I cW)H(H) (6.33)

0000Vw OO0 (630) 0000 WOOODOODOOODOOO00O00 ugg U uc0O0000ODOSSMYU,
LCMYUDODOOOODOOSS.METHOD=ADAPTIVEOOOOOODOOO

Jeg(W
pss = L)z (6.34)
|Vw Jgs (W) Wow()
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0 0OLC.METHOD=ADAPTIVEO O OOOODOOO

JLcW
we = —e® (6.35)

|VWJLC(W)|2 W=W(/)

gbooobooboobooooboon

oooOoOoOo0OO0O0OO0O0O: DOoOOO gHDSSOOOOOOOOOOOOOOOOOOO

good

[1 ]H. Krim and M. Viberg, *"Two decades of array signal processing research: the parametric approach’, in IEEE
Signal Processing Magazine, vol. 13, no. 4, pp. 67-94, 1996. D. H. Johnson and D. E. Dudgeon, Array Signal
Processing: Concepts and Techniques, Prentice-Hall, 1993.

[2 1S. Talwar, et al.: *Blind separation of synchronous co-channel digital signals using an antenna array. 1. Algo-

rithms’, IEEE Transactions on Signal Processing, vol. 44 , no. 5, pp. 1184 - 1197.

[3 ]10O.L. FrostIll, ’ An Algorithm for Lineary Constrained Adaptive array processing’, Proc. of the IEEE, Vol. 60,
No.§, 1972

[4 ]L. Griffiths and C. Jim, ’An alternative approach to linearly constrained adaptive beamforming’, IEEE trans.
on ant. and propag. Vol. AP-30, No.1, 1982

[5 ] H. Nakajima, et al.: ’Blind Source Separation With Parameter-Free Adaptive Step-Size Method for Robot
Audition’, IEEE Trans. ASL Vol.18, No.6, pp.1476-1485, 2010.
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6.3.3 CalcSpecSubGain
oooooo

uoboobooobooooobooboobooobooobooobooobooooobooboOooboOoooobooobooon
ooooooooo0oOooo0ooooooobo0ooooOoooooOoooooOboOooDbOOoOobbOOoOooDooes.10
obooobooboooobooobooooboobooobooobooboboo1obobooboooooooboooobooon
gobooboboooboobooboooobooooooDo

ooooooo

goao

oood

(DooooooooO

HRLEOODOOODOOOODOOOOODOOO

(Doooooo |

CalcSpecSubGain D 0O OO0 6470000000 GHDSSOODOOOOODOCOOOOOOOO HRLEDO
oooooOOo0O0O0O0O0ODDODOODOOOOO0O VOICE.PROBO GAIN O SpectralGainFilter 0 0 0 0 0O O

GHDSS SpectralGainFilter

node_GHDSS_1 node_SpectralGainFilter_1

INPUT_FRAMES OUTPUT INPUT_SPEC OUTPUT_SPEC
INPUT_SOURCES CalcSpecSubGain VOICE_PROB
node_CalcSpecSubGain_1 el
- INPUT_POWER_SPEC VOICE_PROB
PowerCalcForMap - = =

NDISE_S GAIN
node_PowerCalcForMap_1 NOISE_SPEC AIN

OUTPUT_POWER_SPEC
INPUT OuUTPUT

HRLE CalcSpecAddPower

node_HRLE_1 node_CalcSpecAddPower_1

INPUT_SPEC NOISE_SPEC INPUT_POWER_SPEC1 OUTPUT_POWER_SPEC
EstimatelLeak INPUT_POWER_SPEC2
node_Estimateleak_1

INPUT_POWER_SPEC LEAK_POWER_SPEC

0 6.47: CalcSpecSubGain 0 0 00O

gbooobooooboooon
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0 6.41: CalcSpecSubGain0 OO0 OO0 OO

gooood O goooog (oo b0

ALPHA float 1.0 gboboooooobooo

BETA float 0.0 ggbogooaoo

SS_.METHOD int 2 gbooooooooooooboo

INPUT_POWER SPEC : Map<int, ObjectRef>0000 IDOODOOODOODOODOQO Vector<float>[
ooooboo

NOISE_SPEC : Map<int, ObjectRef>0 000 IDOODOODOOODOOOO0OOOOO Vector<float> [
ooooobooo

VOICE_PROB : Map<int, ObjectRef>0000 IDOOOODOODOO Vector<float>O0OOOODOOO
GAIN : Map<int, ObjectRef>0 000 IDODOOOOOO Vector<float>0OOOOOOOO

OUTPUT_POWER SPEC : Map<int, ObjectRef>0000 IDOOOOOOODOOOOOOODOOOODOO
00000 Vector<float>O OOOOOOO

goboo

ALPHA : 000000 OO0OOO
BETA : 000000000

SSMETHOD : 00 000CO000D0OOCO0O0ODOOOO0ODOOOO0OO

oooood

000000000000000000000000000000000000000000000000
0D0000000000000000000000000000000000000000063.100000
00000000000 00000000000000 100000000

00000000000000000000000 Y,*)000O00O000000000 X, (k) O0O000
00000000000000 Nyk) 00000 OUTPUT.POWER SPECO 0000000000 OOOOO

Yu(k) = Xu(ki) = Ny(ki) (6.36)

Uob00OnO00000000000kO00O0O0O0O0O0DOO0OO0DOOOOODOO Gukp)yooooOooooooooo

Gutl) = AHHA%%,ifn@J>BHA, 637
e BETA, if otherwise. '

oooyvGk)yoOoooooooooooooboooooooobooooboooooobooobooooobooo
bobooobooooboooooobooooooobooooboobooooboooboooOoobooobooon
gbooooOobooooobooon
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6.3.4 CalcSpecAddPower
oooooo

20000000000000000O0O000DODOOO0ODODOO

ooooooo

ooao

good

(DooooooooO

HRLECOOODOOOOOOOOOOOOOOOOHRLEOOOOOOOOOOOOODODODOOO0O00O0O0 Esti-
mateL,eak D0 0D 0OO0O00D0OOO0O0O0DOOOOO0ODOOOODOOOOODOOOOODOOOODOOOOO

(boooooo )

CalcSpecAddPower DO O OO0 6480000000 HRLEOOOOOOOOOOOOOOOOOOOOO
EstimateLeak OO0 00O OO0O0O0DOOO0O0DOOOODODOO CalcSpecSubGanOD OO OO0

PowerCalcForMap CalcSpecSubGain
node_PowerCalcForMap_1 node_CalcSpecSubGain_1
INPUT OuTPUT INPUT_POWER_SPEC VOICE_PROB

NOISE_SPEC GAIN
OUTPUT_POWER_SPEC

HRLE
node_HRLE_1

INPUT_SPEC NOISE_SPEC

EstimatelLeak CalcSpecAddPower
node_Estimateleak_1 node_CalcSpecAddPower_1

INPUT_POWER_SPEC LEAK_POWER_SPEC INPUT_POWER_SPEC1 OUTPUT_POWER_SPEC
INPUT_POWER_SPEC2

O 6.48: CalcSpecAddPower 0 0 O O

gbooobooooboobo
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INPUT_POWER_SPEC1 : Map<int, ObjectRef>0000 IDOOODODDODODOOO Vector<float>0O0O0O
ooooo

INPUT_POWER _SPEC2 : Map<int, ObjectRef>0000 IDOOODOOOOODODO Vector<float>0O0O0O
ooooo

OUTPUT_POWER_SPEC : Map<int, ObjectRef> 0000 IDDO 2000000000000 0O000O0O00O
Vector<float>0O00O0OOOOO0O

goooo

goao

gooood

gbooobo200000000000000000DO0O00O0O0O0O000AO0
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6.3.5 EstimateLeak
oooooo

ubooobobooooboboooogad

goooooo

ooo

oood

(Dooooooooo )

GHDSS OO0 O0O0O000000000ooooooo

(boooooo )

EstimateLeak D0 OO 00 6490 00. 000 OD00O0O0OO0ODOOOOOOGHDSSOOOOOOOOO
O CalcSpecAddPower 0 O OO OO

GHDSS SpectralGainFilter WhiteNoiseAdder
node_GHDSS_1 node_SpectralGainFilter_1 node_WhiteNoiseAdder_1

OUTPUT INPUT_SPEC OUTPUT_SPEC INPUT OUTPUT

INPUT_FRAMES
INPUT_SOURCES VOICE PROB
GAIN

PowerCalcForMap CalcSpecSubGain
node_PowerCalcForMap_1 node_CalcSpecSubGain_1
INPUT OuUTPUT ~ INPUT_POWER_SPEC VOICE_PROB
MNOISE_SPEC GAIN
OUTPUT_POWER_SPEC

HRLE
node_HRLE_1

INPUT_SPEC NOISE_SPEC
= = CalcSpecAddPower
EstimatelLeak node_CalcSpecAddPower_1

node_EstimateLeak_1 INPUT_POWER_SPEC1 OUTPUT_POWER_SPEC

INPUT_POWER_SPEC LEAK_POWER_SPEC INPUT_POWER_SPEC2

0 6.49: EstimateLeak O 0 0O O

oboooboooooooon

INPUT_POWER SPEC : Map<int, ObjectRef>0 000 IDOOOODOOOODOQDO Vector<float>0ODO0O
googo
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LEAK_POWER SPEC : Map<int, ObjectRef>0000 IDOO0OOOO0OO0O0OD0OOO Vector<float>[
ooooobooo

gobooo

0 6.42: EstimateLeak OO OO0 OO0

goooog O goooog (oo (oo

LEAK_FACTOR float 0.25 good

OVER_CANCEL_FACTOR | float 1 gbooooood
gooooo

O000ooOO0o000DOoo0O000DOoO00O0DO0DO 63.1000 PostFiterd 0O 1-b)ODOOOO
oooobooog
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6.3.6 GHDSS
Dooooog

GHDSS (Geometric High-order Dicorrelation-based Source Separation) 00 00000000000 0OOOO
gooOoOogHDSSOOOOooOoOOooOOoOoOoOoOoOoOOOOOOOOoOoOoOO

1. 000b000ooooboooon

2. 00000000000

oooooooooooo2000000ooooooooooooooooooooooooDooobooboooOog

O000O0O0O0OHARKOOOOOOOOGHDSSOOOOOOOoOoOOOoOoOooooooooooooooo

oboobOoboooboobobooobooboooooboooon
goooooooboooobooobooobooobobobooboooooooboobooboooboobDOooDoOoo

gboooboobooooboon

HARK 210000:

1. 0o0oooogo
TF.CONJ_ FILENAMEDO OOODODOOO0OO0O0O0O000O00 INITW_FILENAMED EXPORT_W_FILENAME
gobooooobooooboooooboobbooobs3goboooobooooooooooooooooon

2. pOSOO00000COO00OOOOOOO0OO0
UPDATE_METHOD_TF_CONJ, UPDATE. METHOD W O POSO OO ID.POSOO0OOOOO0O0OOOO
oo0oobo0 mmlO0OO00O0O0OD0O0OO

ugbooaooad
0 643:GHDSSOO0O0O0DOOOO
gbooobooobooo go
TF.CONJ_FILENAME | 00000000 O0OO00O0DOO0O0O
INITW _FILENAME gooooao
good

(0boooooooo |

gbobooooobobooobooboboboooobobobooooobobbobooboobobo
gbobooboooobooboooobooooobooboobooboon

(boooooo)

GHDSSOOOOoOoOoOOooOoOesoOODOOODOOOOOOOOOOOOO

1. INPUT FRAMES OO O0O0O00O00O00O0000O0000O0
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2. INPUT_-SOURCES OO OOODOOO

OO0000000DO0O0O0O00000oDODOO0OO0OOMelFiterBankDOOOOO0OOOOOODOODOOOO
oboooobooboooooboboooooobooog.

1. PostFiter 00O O0OOO0O00OO0O00OO0O0O0ODODOOODOOOOOOOOODODOODOOOOOO 6500
googd

2. PowerCalcForMap 0O HRLE O SpectralGainFiter 0 00000000000 O000O0OO0OOOOO0OOOO
O000D00000OPostFiter 000000000 OO0DOOOOOO

3. PowerCalcForMap O MelFilterBank 0 MFMGeneraton 0 0 000000000000 O0OO0OOODOOO
00000000000000000000000000000000 650000000

MultiFFT GHDSS PostFilter
node_MulaFFT_1 node_GHDSS_1 node PostFilter 1

INPUT QUTPUT I INPUT_FRAMES OUTPUT INPUT_SPEC

OUTPUT_SPEC
INPUT_SOURCES
LocalizeMUSIC
node_l ocalizeMUSIC_1

INIT_NOISE_POWER EST_NOISE_POWER
INPUT OUTPUT

PowerCalcForMap
node_PowerCalcForMap_1

SourceTracker
node_SourceTracker_1

MelFilterBank
node_MelFilterBank_1

SourceIntervalExtender
node_SourcelntervalExtender_1
SOURCES

MFMGeneration
node_MFMGeneration_1
FEANK
FEANK_SS

FBANK_BN

OUTPUT

OUTPUT

Delay
node_Delay_1

0 6.50: GHDSS O OO0

uboooboooobooon

INPUT_FRAMES : Matrix<complex<float> >0 0000000000000 0COC0O0OOCOOOOOOOOO
gboooboboooboobobooobOoboooobOoboooobOooboooooboonoo

INPUT_SOURCES : Vector<ObjectRef>O000000000000000O SourceO0OOOOOOO Vector O
00000000000 SourceTracker O O O OSourcelntervalExtender 00 00000000000 OOO

OUTPUT : Map<int, ObjectRef>0 0000000 IDOOOOODO 100000000000
(Vector<complex<float> >0)0 00O

gobooo

LENGTH :int 000000000000 0OO0OOOOOAudioStreamFromMic OMultiFFTOO0O0O00O0O
oooooobooonog
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0644:GHDSSOO0ODOOOO

gooogo a gooooo oo ag

LENGTH int 512 [pt] oooooooo

ADVANCE int 160 [pt] goboooooooo

SAMPLING_RATE int 16000 [Hz] | 00004000000

LOWER_BOUND_FREQUENCY int 0 [Hz] | OO0O0O0O0O0DOOOOOOCOOO

UPPER_BOUND_FREQUENCY int 8000 [Hz] | OO0O0OO0O0O0OOO0OOO0OOCOOO

TF_CONJ_FILENAME string gobooooboooooboboooooooooo
ooo

INITW_FILENAME string goboooobooooooooobooooo

SS_.METHOD string ADAPTIVE gobooooobooobooooooobooo

0 0O FIX, LC.MYU, ADAPTIVE 0 0 0 0O O FIX
ocoooorLcMyuboooOOOOOOOOGO
O00D00O000O0OO00OADAPTIVED O OOODO

SS_METHOD==FIX 00 SS.METHOD O FIXOOOOOO
SS_MYU float 0.001 ooboobOoooooooOobooooboOooon
ooo0o
SS_SCAL float 1.0 gobooooboooboooboooooo
NOISE_FLOOR float 0.0 oboooobobooobooooooo@o)
LC_CONST string FULL goboo0o0o0ooO0obDOoODIAG, FULLOOO

gOobDIAGUOOUOOO0OO0O0O0OO0OODOFULL OO
gooooooon

LC_METHOD string ADAPTIVE oooooooooboobooooboooDoon
FIX, ADAPTIVE OO 0OOOFIX O0O0OO0O
ADAPTIVEO OOOOO

LC_METHOD==FIX 00 LCMETHOD O FIXOOODOOO
LCMYU float 0.001 oobOoobOOoO0ooOoooOoOooooobooon
ogooo
UPDATE_METHOD_TF_CONJ string POS gooobooooooooobooopos0IDOO
ooo
UPDATE_.METHOD_W string ID ooO0O0O0ooO0O0O0o0o0o0O0 IboPoOSO
IDpPOSOODODOO
UPDATE_ACCEPT_DISTANCE float 300.0 (mm] | OOO0O0O0O0DOCOODOCOOOOOOOO
EXPORT_-W bool false goboooboooooooboobooooo
EXPORT_W==true OO0 EXPORT-WO true0 00000
EXPORT_W_FILENAME string goboooooooobooooon
UPDATE string STEP OO000O0000000000STEPO TOTAL

gooOooSTEPOOOOOOOODOODOO
obooooboobOoooooobooooooon
TOTALOOOOOOOOOO0OOO0O00o00O0
gooooobooobooboooo

ADVANCE :int0000000000000000000O0O0O AudioStreamFromMic OMultiFFTOOOO0OO
ooooboooobooon

SAMPLING RATE :int 00000000000 OCO0OOOO

LOWER_BOUND_FREQUENCY GHDSSOOOO0OOOOOOOCOOOOOOOOOoOoOooooDooooO
gobooboooobObooboobooobooobobOoobOobObOObObOOODOODOODbDOODnO
oooooo

UPPER BOUND FREQUENCY GHDSS D000 O0OO0OO0OODOOOCOOOOODOOODOODOOOOn
00000000000 000000000000 00000LOWER.BOUND_FREQUENCY < UP-
PER_.BOUND_FREQUENCY DO OGOOQOOOO

TF_CONJ_FILENAME : string0 0000000000000 O0O0CODOO0OOOOOOOODOOOOO0
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oo s3100o0ano

INITW_FILENAME : string0 000000000000 O0OC000O0OOCO0OO0ODOOOOCO0O0O0OODOO0
vbobooooboobooboboboobooooooobobobobobobobobobooooon
O00000O000O0OOD0O0O0OEXPORT WO true0 00000 0ODOOO0OOODOODOODOODODOO
oooobooogs3200000

SS.METHOD :string0 000000000000 O000O0DOOCO0O0ODOOOO0O0OOCO0O0O0O0OO0OO0
0000000 FIXOOooOoooooooobooooooboooooboooooobooo ceMyuoooono
00000 ADAPTIVEO DO OO

I. IXODOO:SSMyuooooono
SS.MYU: float 00001 ODOOO0D0O0D0OODOOOODOOOOOODOODODOODOODO
oobO0o00bO0oDbO0 LEMYUDO 0O00O0ODelay and Sum OO0 O0OO0O0O0O0O0OO0DOO0O
INITW FILENAMEO OODOOOOOOGHDSSO ODelayandSum OO0 O O0O0O0O0OOCCOOOO
oooooooo

SSSCAL : float 0D 1.000000000000D0OC00O0O0DOO0O0ODO0O0O0 (t(anh)DOOOODODODO
gobooboooboooobOooboobooboboobooobooooboooooooobooobooonn
ooooooon

NOISE FLOOR : floatOO0OQOOODOOODOOOOOOOODODOODOOOO@O)ODDOODOOO
gbooobooboobooboobooobooboboobobooboooboobooboobobooo
oboobooooboboooobooooooboooo

LC.CONST :string0 00000000000 DOOCOOOO00ODOOO0O00OO0ODOOOO0OO0OODOO
DIAGUUOOOO0OO0OO0O0O0O0ODOO0O0O0OO0OO00OO0O0O000 FULLOOOOOO0OOO0O0OOoooOocooon
gooobobo0oobobo bplIAGOO0OO0O0DbOoooobooboooogDnD FULLD

LCMETHOD :string0 00000000000 O0O0ODOOODOO0OOO0OOOO0OOO0OOOObDOOOO
00000 FXgooOoooooooo ADAPTIVEO OODO

1. IXOOO:LcMyuoooooo
LCMYU: float00J0.001 0000000000000 O0OCOOOODOOOOO0OOOOOOO0OOO
gooboDo0OLCMYUD 0000ODelayandSumO 000000000 DOOOOO INITW_FILENAME
OO0O0O0O0O0O0O00OGHDSSOODelayandSumOOOOOOOOOOOOOOOOOODOOOO

UPDATE_.METHOD_TF_CON] : string 0 OIDO0OD0O POSOOOOO0OOPOSOOOOOODOOOOODO
oboO TFecoNJOOoOooooooobooboooooooooo ibooooooo dpooo)ooo
gooobooooo@®oSOoO)yooooooo

UPDATE_.METHOD_W : string DO IDOPOSC OO IDPOSOOOOIDOOODOOOOODOOOOODOO
gooooooobooboobooboooooooboboobooooboooobobobobobooooo
gooboobooooboooooobo ibooboobooboobooboobooooooboooon
oooooooobooooboooobooooobooobobooooooobooooooooboooobooooobn
gobobooobooooooboobooooobooooooooboooobomDUOOoooboooooon
IDODOO0OODODOO0OO0O0O0OO0OoOoooprPOSOO000O0O0O0O0OO00OOO0O0O0O0OODODDOOCOOIDPOS
gobooboooooiboobooobooboobooobooboooboooobooooooooon
oooooon
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UPDATE_ACCEPT DISTANCE : float 0030000 000000000000000D0O0COC0OOOODOO
mm]0 0000000000000 0000C0O000O000000O00O00000000

EXPORT_W :bool 00 falseOOOOOOOGHDSSOOOOOOOOOOODODOODOOOOOOODOO
0000 true 000 0OEXPORT-W_FILENAME 0 OO 0O

EXPORT_W_FILENAME : string O OEXPORT WO true 0000000000 0OOODODOOOOO
oooobooogns3200000

UPDATE : string00000000000O0D0OOCOCSTEPOTOTALOOOOOSTEPOOOOOODOOO
oobooooooooboboobooobooobooboooTOoTALOOO0O0O00O00O000O00000A0
oooobooooobooooon

gooooo

oboooboobo:. boooobooooboooobobed4sobOobboobOoOOObDOODbDOnDO 6.1
goboooobooobooboobbooboooooobooooooooooooboooobDoobooDboOoDo
ocooooobooooooobooooooboboOooobooooooboooobooboooobOooooboOooDbDO FOO
oboboboboboboobobobobOonD kOooooooooooOoobOokKkOOoObOOoOOoooooo
ko,....kxk,, 00000000 0O0DOOODOO

ge645:00000

0o 0o

Stk =[S1(k),....Sny(k)]T | 00000 0000000000000 0O00O0O00

X(k) = [Xi(k),....Xy(k)]? | 0000000000000 O0000C0O00INPUTFRAMES OOODO
N(k:) =[Ni(k),....Ny(k)]” | 0000000000000 O0000O0

H(k;) = [Hpn(k)] 0000000oooooooooo (MxN)O
Hp(k;) = [Hpmn (k)] 00o00o00oood (MxN)O
W(k;) = [Wy (k)] 0000 (Nx MO
Y(kj) = [Yi(k),.... Yy | DDD00OO0OOOOOO
Uss 00000000000oo0oooooooooooooossMYuoooao
Ure 0000000000000o0ooDoooooooOoLCMYUDDDD

oooobo nNOOODOOOOOOODbOoODOoOobDOobobOO0ODbD Hk)DOOOoDOoooMmMOoODOOoDOOO
oooooe3)0oooooooon

X(ki)y = H(k)S (ki) + N(k;)O (6.38)

ob0ooo0O0b0 Hkp)oooooobooooooboooooooboooooooboooooooooo
ooo

ooooooooooooooooooooooooo0o0oooD Hpkpoooooooooooooo
gbooooOobooooboooo e3)yuoobooooooooo

HDm,n(ki) = CXp (_jzn-lirm,n) O (639)

2nw;
L = ’:”, (6.40)
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0000c000004,000000 KkO00000 ;00000000000000+,5,00000000 m
0000.00000000000000@O0CO0000)0000A00000000000000000O
00000000000000000000000000000Hp(k)ODOO0O000
00000 00000000000000 Yk) OO

Y(k) = Wk)X(k) (6.41)

OOo0O0O0O0OOGHDSSOOOOOO0O0O0Yk)O SkyOODODODODODODOOODODO WhyOoooooQd

uboooboobo0o boooobOobooboobooobooboobooon
1.004d N
2. 0000 (HARKOO LocalizeMUSICOOOOOOOOOOOOO)
3. 00000000
4. 0000000000 Hpkp(@UODO orO (639)DO00O0ODO)
oooobooogon
1. 00000000000 H(k)

2.00000 Nk)

Oo0o0O0O0O0O0 gHDSsOOOOOOoOOOOOOoOOOO Wky)yOooooooo

1. 00000000oo0oao
00000000 Yk)OOOOODOO ROYK) = E[¢(Y(k)YH(k)] OO ODOOOOO0 00000000
00000 0000000000000E(]0000000O000¢)00000000000000
000000000000000000000000

[p(Y1), p(Y2), ..., p(YN)]" (6.42)
tanh(o|Yx|) exp(j£(Yy)) (6.43)

oY)
(Y1)

U000cc0000000O00000SSSCALO0O0O0OnOoon

2.000000000000000@O000)
0000 Wk) D 00000000 Hptk) 00000000000 0000 (Wk)Hp(k;) = D0

gbo2000000000000000O00DO0ObOO0ODObDOoObOOD0ODO0 KOoODo

JW) = aJi(W) + BJr,(W), (6.44)

KWy = Y IREP (6.45)
i#]

LW) = WHp I, (6.46)

D000e000A000000000000000000 |MP=tMM?)=3,,Im ;000000000

06400 oooobooooboobooboboooooDo #DDDDDDDDDDD

oJ
Wk f+1) = Wk f) - uzoz Wik, f)) (6.47)
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gobooobodupbOOO0ObOOO0O0DOOO0O0DOO00OOOOO00OO0000000 470D OOODO
O0D0D000R* =EXX]0 RY =E[YY"]0000000000000000D0O0O0O000O0OGHDSSOO
gboooboobooboobobobooobDi1obooboobobobooboobooog e49yODO

oJ aJ

Wk f+1) = Wk f) - [ﬂssa—WL(Wm,f)) +uLca—Wi<W(k,~Df>> 0 (6.48)
aav{/l* W) = (p()¥" - diag[¢p(¥)Y"]) p(boldmathWX)X" O (6.49)

aJ : B "
W) = 2(WHp - D Hp, (6.50)

DD[I[I&SEI oUUO0ODODODOODODODOOOO0O0O0On
dY) = [p(T1).¢(Ta),....0(W1" (6.51)

- Y,

B0 = o+ v 00 (6.52)

oYy

UOO0Duss =pelyuc=pp0 0000000000000 0O0O0O0O0DOOODOOODOOOOOOOOOOODOO
obooobOoboboooboboooooboooooboobobooooobooon

J1(W)
e s (6.53)
205wl
Jo(W)
e = s (6.54)
2055 Wl
O (e490650)0000000000O0O00O0O0O0OOO0OOO0OO (, HODOOO
gooobooooboboooooboooon
Wk = Hpk)/M, (6.55)

obooomMOO0OOO0OOOOOO0OO0O0d0

gboodnes
GHDSSOOOUOOOoOoDOooooOoOd fODODOOOO00OO0D6SIODOOO00O0DODODOODOOOOOO
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200000000000000O00DO00000

e U0 O0O0O UPDATEMETHOD.TF.CONJOOOOOOOOOOOO0OOOOO0OOOOOOOODOODOO
ooooboooobobooobooooon
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GHDSS Module
X( maﬁ ki )

INPUT FRAMES

2. Separation matrix Y Y(n,f, ki)
] estimation _)®__}
OUTPUT

T W(f, ki,n, m )

Ap(f, ki, m, n )

<IDn,0n(f)> > 1. Transfer function
INPUT_SOURCES calculation
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Separation matrix estimation
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gooboooboogooooooooobooooooboboooobooooboobboobobooooboooDbboobbOoo
gbooobooooboboooaa.
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e 00 UPDATE_ACCEPTDISTANCEOO: WOOOODOO
e 100 UPDATE_ACCEPTDISTANCEUOO: WO DOOOO
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6.3.7 HRLE
oooood

00O 0O O 0O O Histogram-based Recursive Level Estimation (HRLE) D O 000000 O0OO0O0OO0OOCOCOODOO
HRLEOOOOOOOOOOOOODODODOODOOOOOODODOODO00OO0OO00000 Lxooooo
00000000000 DOoU0DOoU0odDOoU0DOoU0DO00DOO0U0DoO00DOo0ODO0U0ODOooOOoDoOoOon
00o00d00dD000o0o0oo0oooDOoooooOooDooooooOoon

ooooooo
go

oood

(booooooooo )

gbobooboboooboobooooboobooooobo

(boooooo )

De530000000000OGHDSSOOOOOOOOOOOOOODODODOO CalcSpecSubGain 0O OO
OO00000O000DODO0O00DO0O0 65400EstimateLleak 0000000 ODOOOODODOO

node_GHDSS_1 node_SpectralGainFilter_1
INPUT_FRAMES OUTPUT INPUT_SPEC OUTPUT_SPEC
INPUT_SOURCES VOICE_PROB

GAIN

PowerCalcForMap CalcSpecSubGain
node_PowerCalcForMap_1 node_CalcSpecSubGain_1

INPUT ouTPUT INPUT_POWER_SPEC VOICE_PROB
NOISE_SPEC GAIN
OUTPUT_POWER_SPEC

HRLE

node_HRLE_1

INPUT_SPEC NOISE_SPEC
0653 HRLEOODODO 1

uboooboooobooon

INPUT_SPEC : Map<int, float>0O0 O000OO000D0OCOOOO
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GHDSS
node_GHDSS_1

SpectralGainFilter
node_SpectralGainFilter_1

INPUT_FRAMES
INPUT_SOURCES

PowerCalcForMap
node_PowerCalcForMap_1

INPUT_SPEC
VOICE_PROB
GAIN

OUTPUT_SPEC

CalcSpecSubGain
nede_CalcSpecSubGain_1

HRLE
node_HRLE_ 1

INPUT_SPEC NOISE_SPEC

EstimatelLeak
node_Estimateleak_1

INPUT_POWER_SPEC

LEAK_POWER_SPEC

INPUT_POWER_SPEC VOICE_FROB
NOISE_SPEC GAIN
OUTPUT_POWER_SPEC

CalcSpecAddPower
node_CalcSpecAddPower_1

INPUT_POWER_SPEC1 QUTPUT_POWER_SPEC
INPUT_POWER_SPECZ2

0654 HRLEOODDO 2

646: HRLEO OO DOODODO

gpooooog O ooooog (oo | oo

LX float 0.85 do0o0OdooooLxOooo
TIME_CONSTANT | float 16000 [pt] | ODOOO

NUM_BIN float 1000 oooooooooog
MIN_LEVEL float -100 [dB] | O0DOODOOODOOOOOO
STEP_LEVEL float 0.2 [dB] | O0OODOOOOOOO
DEBUG bool false oooooooo

NOISE_SPEC : Map<int, float>00 00000000 OCOODOODO

LX : float 0 0OO0OO00ODODOO8SOOO0DOOOOODOOOOODOOOOo O-1O00000O00DO00O00O00ODO
gooobobooliobooboobooobooboosbboboboooobobbooooobooon

TIME_CONSTANT : float 00000000 1600000000000000000O00O0O0OO0O0OOOOO

NUMBIN : float DO QOOOOOO 1000000000000000000O0DO0O0

MIN_LEVEL : float00OOOO0OD0O0O -1000000000000D0000dBOOOOOOOO

STEP_LEVEL : float0 0000000 020000000000000dBOODOOOOOO

DEBUG :bool 000000 falseDOOODOODOOOODOOOOODDOOODODOO (true)0000D0O0O
obooOoobooboboooboooooooboobooooooobo 1ooboboobo 1obooooon
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gbboooooobOobobobobobobooooooooboobobOobobobooobooonoon
obooooOobooooooobooboboobooobOoboboooooobOOobooboononoboooon
gobooogoooboobooooobobobobobUobbobooooobDobDboobooboobOoO
booobmoloooboboooooboboooobobooboolbobobooooobooobooon
gobooooobooboooobooooboobobobobOobOobobOobOobOOobOOoboOoboOooon
gboooooobooooobooboobooboob obobOobObOO0ObDObObOODbDObObOobDOoOon
gbooooobooobooooobobbooooobobobOooobooobobobobDooooDOooo
NUM_BIN, MIN_LEVEL,STEP_LEVELOOOOO0OOOO0OO0OO0OO0O0OO0O0OO0O0OOO0O0O0DOO000AO0
gboboooooobOoboboobooooooobooboboobooooooobOOobOobobooooon
gboooooboobobobooboooooooobobobobooboooobDobOoboboooon
OOMINLEVELOOOOODOOOODODODOOOOOoooooo

NUM_BIN[-]
A

STEP_LEVEL [dB]
—

MIN_LEVEL [dB]

Power Level [dB]

0 6.55: NUM_BINO MIN_LEVELO STEP_LEVEL 0 00 O

—————————— Compmat.disp() ----------

[(1.00005e-18,0), (1.00005e-18,0), (1.00005e-18,0), ..., (1.00005e-18,0);
0,0, (0,0), (0,0), ..., (4.00084e-18,0);
(4.00084e-18,0), (4.00084e-18,0), (4.00084e-18,0), .., , (4.00084e-18,0)]°T

Matrix size = 1000 x 257

gooood

06560 HRLEOOUOOOOOODOHRLEODOOOOODOODODOOOOOODODOODOOOOODOOOO
000 LxO0000000000000000Lx0000000 6570000000000 00O0O000O0OO
obooobo0xOoboo0oobob0oOx0bOobboooOoboboobobx=000000000x=10000
OO0000x=05000000000000000000

HRLEOOOOOOOOOOOODODOOODOOOODOees60 00000000000 0ODOOOODODOOOO
000000000000y, 000000 INPUTSSPEC)UR, 000000000 (NOISE_SPEC])O xO o
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BE - N(2, §)

2.4 3. EXk

ANT— E> j\-ggg g> FyhR g> 55 L0 [>

(RRIRL) mEtE EEin
LRI
Ip Y L EXMT L
4. REEXE
JSLOHE
X
l RIS S(t, i)
HE/AX $
S — 7_,:};)7 Cj 6. LA <:j ?-_{Jj’; Cj
C LIV ™ DEE AOHE
"p L L LA
BRERN S L
0 6.56: HRLEO DO OODOO
Cumulative Frequency S(L) [# of cnts.]
A
Frequency N(L) [# of counts] Suras Speech
Noi
Noise o;se J
Cumulation T {
' X [%]
Speech =X/100"Smax
Lo L1oo 0 r-r Y >
Power Level L [dB] Lx

Power Level L [dB]

O 657: Lx0000

Lun0Ly, 0000000000000000000000000000 (LX)O000 (TIME_.CONSTANT)[
00000000 (MIN.LEVEL)DOODOOODOO (STEPLEVEL) ¢/ 0 « 000 «00000000000
000000000000 0000000000000000000000000000000000000
0000000000000000000000

Yi(t) = 10log;,y,(), (6.56)
Iy(t) = I.(YL(Z) - Lmin)/leesz (657)
Nt D = aNt-1,D)+1-a)s - 1,1)), (6.58)
l
S = Y NGk, (6.59)
k=0
. by
L) = argimn S(t, Imax)m =S D, (6.60)
L) = Lun+ Lstep - 1(1), (661)
ny,(H) = 10=0/10 (6.62)
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(1) H. Nakajima, G. Ince, K. Nakadai and Y. Hasegawa: “An Easily-configurable Robot Audition System using
Histogram-based Recursive Level Estimation”, Proc. of IEEE/RSJ Int. Conf. on Intelligent Robots and Systems
(IROS), 2010 (to be appeared).
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6.3.8 ML
0ooooo

00000 (Maximum Likelihood estimation) D 0 0 0 0000000000000 0ODOOOOO00ODOOO
gboboobooobooooboobooboobooobooboooobooobooooobooobooooboooon
oboobOoboooooboboooboboooooboooobobooooOoobooon

oooooooo

e JO0OOO0OODOODOOOODOODOO
e JOOODODODO
e JOOOOODOODO

ugboobouooboobobobobooboobooobad

ooooooo
ge47:MLOODOOODOODO
gooooooooo go
TF.CONJ_FILENAME | 000OO0OOO0OO0OOOODOO
good

(booooooooo |

oobooboobooboboboobobooboooooooboooooooooooboOobooobobooboOooDooog
obooobOoooooobobooobooooooobooooobooon

(bbooooo )

MLODOOOOOOODO 65800000000 0ODO0ODOO

1. INPUT_FRAMES : MultiFFTO 0 00 0000000000000 O0O00O

2. INPUT_SOURCES : LocalizeMUSIC O ConstantLocalizatonO OO OO OD0OO
3. INPUT_NOISE.SOURCES : DO OO OQOoOnOd

obooooobooog
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MultiFFT
node_MultiFFT_1

INPUT ouTPUT

ML Synthesize
LocalizeMUSIC SourceTracker node_ML_1 node_Synthesize_1
node_LocalizeMUSIC_1 node_SourceTracker_1

INPUT_FRAMES INPUT OUTPUT
INPUT INPUT_SOURCES
NOISECM INPUT_NOISE_CM

CMLoad
node_CMlLoad_1
FILENAMER

FILENAMET
OPERATION_FLAG

0658 MLOODOO

gboooboooooooon

INPUT_FRAMES : Matrix<complex<float> >0 0000000000000 O0O00OO0COOOOOOOOOO
booobobooobooboooobooboooobooboooobobooooobooonoo

INPUT_SOURCES : Vector<ObjectRef>0 00000000000 O0O00O Source0 OO0 OOOOO Vector O
00000000000 SourceTracker O O O OSourcelntervalExtender 00 00000000000 OOO

INPUT_NOISE_CM : Vector<ObjectRef> O OINPUT_SOURCES OO0 Source O ODOOODO0O Vector O
gbooboobobboboobooboobon

OUTPUT : Map<int, ObjectRef>00000000 IDODOODOOO 100000DOODOOOO
(Vector<complex<float> >0 )00 OO

gobooo

LENGTH :int 000000000 [samples]J00000 0O QO O AudioStreamFromMic O MultiFFT O O O
O000obO0ob0o0oobOOobooooboobooonog 512[samples]O

ADVANCE :int00000000000 [samples]OD0 00000000 AudioStreamFromMic OMultiFFT O O
O000D0O000DoO0oO0o0oooO0o00DboO000 160[samples]d

SAMPLING RATE :int 000000000000 0O0DOC [HzZJOOODOOOOO 16000[Hz]O

DECOMPOSITION_ALGORITHM : 0 0000000000000 0O0O0DOOOOOGEVDODOOODOO
0o0b00o0GeSvbOOOO0OOoOoO0OO0O0O0O000GEVDO GSvDOOOooooooooooooooon
ooooboooobobooooobooooboboooobobooboooooboo

ALPHA : float000D00000DOOOO0DOOOO 0990

ENABLE DEBUG :bool DO0OO0OO0OOO falseDtrue0 000000, 000000000000000OO
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0 648: MSNROODOOOOODOOO

gooooo g gooooo (oo (oo
LENGTH int 512 [pt] | OOOOODOO
ADVANCE int 160 [pt] | OOOOOOOCOO
SAMPLING_RATE int 16000 [Hz] | DOOOO0OO0O0OO
DECOMPOSITION_ALGORITHM | string GEVD oooooooo
ALPHA float 0.99 ooooooooo
ENABLE_DEBUG bool false ooooooood
gooaooo

obooobd. oobooooboboooobooooobooo

oobOO0oob: oooooboobboobooe4DbOUbOO0OODOODOOOOOODOODOODOO
oboooooooobooboboboboooboooooooobo0bobobob0 KOoooooOg d<k<kK)
gooooooobobooobooooobobooooooooooN, M, fOD0OD0OO0OOODODOOOOO
obooobooooboooon

0649: 00000

oo go

S =[S1().....Sn(H]" | fO0D0DDDODOODOOOOOO
X(H=[X(....Xy(H]" | 0000000000 O0000O0000O0O0INPUTLFRAMES 000000
N() = [N()s....Nu(H]" | 00000
H=[H,,..  HyleC™N | 1<p<NODOODODOOI1<m<MOODOO0DOO00O0OO0OO0DOOO
00 K(f)ecCMM 00000000
W(f)=[Wi,...,WyleCV™ | 0000
Y () = [Yi(H).... Yn(H] 0000000000

00000000000 DDO0000OoDDOO0
X(f) = HS()+N() (6.63)
ooooooo

Y(f) = WHXY (6.64)

O000Y((HDO S(HOODODODODD0OW((HOODODOoO0ooooo
00000000000 Wy 00000000000

K'\(H)H
WL (f) HR(OH (6.65)
gooo
K(f) = K +IK(Qlpel (6.66)

oooooon [KNgOOOOoooOOo0O0O KHODODOoooooooOOe«ODOOOOO REG__FACTORO
Iogooobooon.

OO00o0oo0o0o0o0oDoDbo: Doooo GgHbSSOO0DoDoOOoooooooooooooono
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[1 ]F. Asano: ’Array signal processingfor acoustics —Localization, tracking and separation of sound sources—,
The Acoustical Society of Japan, 2011.
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6.3.9 MSNR
0ooooo

OO0 SNR O (Maximum Signal-to-Noise Ratio) D0 D0 000000000000 O0O0OO0OO0O0OO0O0DOOO
gbooobooobOoooobobooobooboooboooboooboobobooboooobooobooboooboon
oboooooobOoboooboooobooobooboooooobooobooobooooobooooboooobooon
ooo

gooooood

e JO00OOO0OODOODOOOODOODOO
e JOOODOODODO
e IOOOOODOOODOO

gooobooboobooboboobooboooboon

ugbooaooad

oo.

good

(0boooooooo |

000oodoo0oo0bodo0odooodoooooDodooooooooDoooooooooooooDooooonod
000000000000 00DO000000O00000000bO00O00DbOO0OOD0oO0bOOoDoOoOoDOOooDoOad
00000 DOOo0bOO00O000Oo00DObOO0OO0DbOO00DbO00. 00000000 ooOoooOoOoobDOooooa
ddddSource 0O OOOO

(bbooooo )

MSNROODOOODOOOO eS900000OOOOODOOOg

1. INPUT_FRAMES : MultiFFTO O OO0 O0O0D0OOO0OO0OO0OO0ODOOOOOOOO

2. INPUT_SOURCES : LocalizeMUSIC O ConstantLocalizatonO0 OO OO0 OOO

3. INPUT_NOISE_.SOURCES : 00O OOODOODOINPUT-SOURCESO OO IDODOOOOOOOOODO

oboooooboooo

obooobooooboooon

INPUT _FRAMES : Matrix<complex<float> >0 0000000000000 COOOCOOOOOOOOO
ubodgbudgbogobgobobobobbobboboobooboobooboooon
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MultiFFT

node_MultiFFT._1

MSNR Synthesize
LoadSourcel ocation node_MSNR_1 node_Synthesize 1

node_LoadSourcel ocation_1 INPUT_FRAMES
INPUT_SOURCES
INPUT_NOISE_SOURCES

LoadSourcelocation
node_L oadSourcel ocation_2

0 6.59: MSNR OO OO

INPUT_SOURCES : Vector<ObjectRef>000000000000000O SourcedOO0O0O0O0O0O Vector O
00000000000 SourceTracker O O O OSourcelntervalExtender 00 00000000000 OOO

INPUT_NOISE_SOURCES : Vector<ObjectRef> 0 O INPUT_SOURCES OO0 Source UOODODODOODO
Vector O OOOOO0OOOOOOODO.

OUTPUT : Map<int, ObjectRef>0 0000000 IDOODOOODO 100000O00O0OOO
(Vector<complex<float> >0)0 000

goobooon

LENGTH :int 00000000 O [samples]d 000000 0O O O AudioStreamFromMic O MultiFFT O O O
O000obO0b00o0obD0oboooob0oboOoOooDg S12[samples]d

ADVANCE :int00000000000 [samples]OD0 00000000 AudioStreamFromMic OMultiFFT O O
000000000000 00DOO0000DO0000 160[samples]d

SAMPLING RATE :int 000000000000 00D00C [HzZ]OOOOOOOO 16000[Hz]O

DECOMPOSITION_ALGORITHM : 0 0000000000000 0O0O0DOOOOOGEVDODOOODOO
oo0b00o0GeSvDbOOOO0OO0oO0O0OO000O000GEVDO GSvDOOOOoooooooooooooon
ooooboooobobooooobooooboboooobobooboooooboo

ALPHA : float 0000000 0DOOOO0DOOOO 0.990

ENABLE DEBUG :bool DO0OO0OO0OOO falseDtrue0 000000, 000000000000000O

0650 MSNROOODOOOOODODO

gooboooo O gooooo (o0 | oo

LENGTH int 512 [pt] | ODOOOOOCO
ADVANCE int 160 [ptl | ODOOODOOOO
SAMPLING_RATE int 16000 [Hz] | ODOOO0ODOOOOO
DECOMPOSITION_ALGORITHM | string GEVD gooooood
ALPHA float 0.99 goooooboooo
ENABLE_DEBUG bool false goooooooo
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gbooobod:. bobobooboobooboobobobooboo

Ooooood:. ooooooooooooob esioobobOOODOOOOO0OOOOODDOOODOOO
gboboooooboobobobobooooooooboobooobobobo0 KOoooooog d<k<kK)
oboooooboobobooooboooboobobooooooobooN, M, fOD00O0O0O0OO0ODOODOOOOOO
oooopooooooooo

0651: 00000

oo oo

S =[S1()s. ... Sn(DO]" f00D0000000000D0DOO0
X(H=[X(f....Xy(H]" | 0000000000 O000O00000000INPUTLFRAMES DO000O
N =[N().....Nu(H]" | 00000
H =[H,,...,Hy] € CMN l<n<NOODODODODO1<m<MOOOOOODODODOOOOOO
00 K(f) e CMM 00000000
W) =[W,,...,WyleCVM 1 0000
Y () = [Yi(f).... Yn(H]" oooooooooo

0000000000000000000000
X(f) = HSH+N) (6.67)
ooooooo

Y(f) = WHXY (6.68)

0000Y()O S¢HO0000000W(H) 00000000000
go00Oooooooooooo JMSNR(W(f))DDINPUT,SOURCESDDDDD INPUT_NOISE_SOURCES
gdoodoooboggboouooocooouogooobooogno
0o0o0oboooooo Re(HODODODDODOODDOODOD Ry, (HODODODDODOODDODODODOODOODDOOOO
JMsseW(H) 0000000000000
W () Ru(HW ()"
MSNRWD) = 3R (AW ()
MSNRDDDJMSNR(W(f))DDDDDD wHoOooooooooooooooooooooooooo
00000000D00000D00 R,(HO INPUTSSOURCESODOODODOODOODODODOOOODOOO
0o0o00o0oooOoobOoo0boo0DO0 R(WHODODDODODOODOOOOO

R (f+1) = aRu(f)+1-a)Ru(f) (6.70)

O0ooobo0o0o0ond R, (HOOINPUTNOISESSOURCESODOODOOOOO0OODDOOOOOOODOOOO
oooooo0o0o0ooDo0o0oooD R(HODOOODOODOOOOODODOO

Ry (f+1) = aRu(f)+ - a)Ru(f) (6.71)

070000 6.71)0 «0 OOO0OD0 ALPHAODODUOOOUOOOOR(HOD Ry(HODOD W(HOODOOODO
goooooo

(6.69)

OO00o0oo0o0o0o0oDoD: Joooo GgHbSSOO0DoOOoooooooooooooono
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[1 ]1P. W. Howells, 'Intermediate Frequency Sidelobe Canceller’, U.S. Patent N0.3202990, 1965.
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6.3.10 PostFilter
ooooono

O000000000000OGGHDSSOOOODOOOOoOoOoOoOoooooooooOoOoooooOooooo
gboooboobOobobooboooboobooooboooooobooobooooboooboOoooobooon
ooooogo

ooooooo

oono

oood

(DooooooooO

Oo0O0O0OOOGHDSSOOOOOOoOooooooooooooogoogogoggoooooooooooo
obooobobooobooboooobobooooboobooobooon

(Doooooo |

PostFiter 0O O DO O0OO0OO 6600000000000 0ODOOINPUTSSPECO GHDSSOOOODOODO
INIT_NOISE_.POWER O BGNEstimator 1 0 0000000000
OO0oO0ooo0ogOee0dO

1. 000 (OUTPUTSSPEC) D OO ODO OO (MSLSExtraction O O O0)

2. 0000000000000000000 (ESTNOISELPOWER) DODODOODOOOOODOODO
00000000 (MFMGenerationO O 0O)

goooooboood

PostFilter WhiteNoiseAdder Synthesize
node_PostFilter_1 node_WhiteNoiseAdder_1 node_Synthesize_1

INPUT SPEC OUTPUT SPEC - N
GHDSS o e
node GHDSS. 1 INIT_NOISE_POWER EST_NOISE_POWER =

INPUT_FRAMES node_PreEmphasis_1
INPUT_SOURCES INPUT
MultiFFT

BGNEstimator node_MultiFFT_1
node_BGNEstimator_1 PowerCalcForMap MelFilterBank
node_MelFilterBank_3

node_PowerCalcForMap_2
PowerCalcForMap MelFilterBank
nede_PowerCalcForMap_1 node_MelFilterBank_2
MelFilterBank
node_MelFilterBank_1

INPUT_POWER NOISE_POWER

0 6.60: PostFilter 0 O O O
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INPUT_SPEC : Map<int, ObjectRef>0O0OGHDSSOODOODOOODODOOODOOOODOO IDODODOODDOOO
O0O00O0D0OD0ODO0O0O0 Vector<complex<float> >0 0000000

INPUT_NOISE_POWER : Matrix<float>OOBGNEstmator 00000000 OCOO0000O0OODOCOO
ooogooo

OUTPUT_SPEC : Map<int, ObjectRef>0 000 INPUTSPECOODOODOOODODOODOOOODOOO
O000OObject OO Vector<complex<float> > 00

EST_NOISE_POWER : Map<int, ObjectRef>0O0OOUTPUTSSPECOOOO0O0DO0OOOODOOCOOOODOO
OO0O00bO0b000000OvVector<float>0000000 IDOOOOOOOOODO

goboon

gooood

oooooboooobbooel100O00OOOOO0OODOOO0DODODOOOODOOOODOOOODOOO
obooooboooooooboono fo0obOO0bOOoOooboOon

0661l 00PostFiter 000000 OODOOODOOODOODOOGHDSSOOOOODOOOOODODODOOOO
BGNEstmator 000 0000000000000 O0O0OOOOOOOOOOOOOCOOOOOO0O00000O0
gbooobOoboooobobooooobooooobooboonoo

ooooood

1. 00000
2. SNROO
3.00000000

4. 00000
googoooo

npooogo:
OO0O000O0O000DDbO6620000PostFiteri 0000 O0O0ODOOOOO
a0 00b0ooooboooboooobooogoD o
by0ODOO0O0O0D0O0oO0ooooooo@obooono)g
coboooboooog
300000
oo0oooob0oooonDooD afx) 0O

Afok) = 2" k) + A“N(fo k) + (= 1,k (6.72)

0000000000000, k) (f, kR (f-1,k) 0000000000000000000000
gooooooo
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0 6.52: PostFiter 0000000 (OO)

gooooo O oooooog (oo |00
MCRA_SETTING bool false O0O00oo0D0OO00O0OMCRA
ooooooboooooooo
ooboboo000true0gn
MCRA_SETTING OO OMCRA_SETTING O true
gooooooo
STATIONARY NOISE_FACTOR float 1.2 oooooooooogon
SPEC_SMOOTH_FACTOR float 0.5 gooooboobooogoooo
ooo
AMP_LEAK_FACTOR float 1.5 gooono
STATIONARY NOISE_MIXTURE_FACTOR | float 0.98 oooobooooon
LEAK_FLOOR float 0.1 gooobooogo
BLOCK_LENGTH int 80 gooooo
VOICEP_THRESHOLD int 3 oooobooogon
EST_LEAK_SETTING bool false ooooobooboooooon
OooobooOo0dOdOtrued
ooo
EST_LEAK_SETTING 00 OEST_LEAK_SETTING O
true00000000O0O0
LEAK_FACTOR float 0.25 good
OVER_CANCEL_FACTOR float 1 oooooooo
EST_REV_SETTING bool false oboooooboooooon
U0bo0o0boo0oOobDOdtrue
oood
EST_REV_SETTING O O OESTREV_SETTING 0O
true00000000O0O
REVERB_DECAY _FACTOR float 0.5 oooooobooog
DIRECT_DECAY _FACTOR float 0.2 oooboooobooon
EST_SN_SETTING bool false SNOOOOO0OO0OOooooooo
ooooboOo000trued O
oo
EST_SN_SETTING 0 0 OESTSN_SETTING [
true00000000O0O
PRIOR_SNR_FACTOR float 0.8 OO0 SNROODO SNROOOO
VOICEP_PROB_FACTOR float 0.9 oooooooooogo
MIN_VOICEP_PROB float 0.05 ooooboooo
MAX_PRIOR_SNR float 100 OO0 SNROOOOO
MAX_OPT_GAIN float 20 ooooooooovoboooo
MIN_OPT_GAIN float 6 ooooooooovoboooo
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Y(f, ki) XL ki)
PostFilter module
INPUT SPEC § INPUT_NOISE POWER
? 1. Noise estimation
3 l &nl, ) l
— i 2.SNR |V "! 3. Voice probability
> estimation estimation
A
delay | = >
i 2
vy ¢t ©
4. Noise
reduction

|

OUTPUT SPEC

EST NOISE POWER

\4 \4
S(f. ki) MS ki)
O 6.61: PostFilter 0 O OO
NS ki) Y(/, ki) SCFL. ki)
|
Noise
estimation y i A\ 4
a) Stationary noise b) Leak noise ¢) Reverberation
estimation (MCRA) estimation estimation
D«
\4
MS s ki)

0e662:00000000
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1-aMCRAODOOOOOOODOOOD 100000000 65400000
00000000000 100000000000000000000000 S(fk)=[S1(f.k),....Sn(f. k)]
ooooo

Sulfok) = aSu(f = Lk) + (1 = @)Y, (k) (6.73)

ooosmOosm™OO00000

sminry = | IS =Lk Sulf k) f S L 67
S min{S;"(f = 1.k, Su(fko)) if f=nL '
sminp gy = | MSETG =Lk SA(f k) S # L ©75)
S Sulf. k) it f=nL '

00000000000 00O0S™O0000000000O00O0O0O0O0OO0OOOOOS™ 0000 LO
000000000000 oOOoO0o00LO00boOOoOoo sS™oooooon
gboobobooooboboboobooboooobooooobooboooooboOoooon

S u(k;
S'(k) = Smi:(k?)’ (6.76)

{ 1 if ST(k)>6

L(ki)

. (6.77)
0 if S(k)<6

L(Gk)0O0D0D0OO0O0DO000 100000000 0000000000000000000000000000
0000000000000000 of,Gk)00000

al, k) = (aa— DIk)+1. (6.78)

oboboobOobooobooboboooboobooooboooooboaon

Sy = i Yy (k)? = 1Yok, (6.79)
p=1
SOk = Yalk)* — gS K" (ky), (6.80)
OD0O00S%k) <S s 0000
Sk =S fioor (6.81)

ooooobooooo
00000000000000000 S%fk)000000000000000 A(f-1,k) 000 OBGNEs-
timator 00000000 bfA™(f,k) 0000000000000 000D0O0O0O000O0ODOONO

CE)AS(f = 1, k) + (1 —aS (kprSO%f k) f000000000
B fky) = @, k)4 (f )+ (1 —ag, (k)rS,(f k) : (6.82)
af (k)M (f, ki) + (1 =, (kyrS(f.k)  f000000000
1-b) 0000000 100000000 65500000
000000000000000000000
ﬂ o a,leak (6 83)
- 1-— (a,leak)2 + a,leak(] _ a,leak)(N -2) :
a = 1-(N-Da“*g (6.84)
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oooooooooooooboOoobooOoOoOooooD Sk)ooo 9o oooooooobooooooo
000000000D000000000000000 Skkk)yOOoOoo0O

Zyki) = @S, (k) +BS (k) (6.85)

O000Z(Gk)<10000000Zk)=10000
000000000000000000 A% k) 00

/lileak = lek [Z Zn'(ki)) (6.86)

n'#n

ooooooo

10000 10000000 065600000
000000000000000000000 9 - Lk) = [V - Lk),..., A48 - LT 0000
00000000000 8(f-Lk)=[S1(f-Lk),....Sn(f-1Lk)]" 0000000000000S,(f-1,k)
0000000000000

Ak =y (S - L)+ AISW(f = L k)P (6.87)
2)SNROO:
Y(f, ki)
MS ki) S(F1. ki)
|
a) SNR SNR estimation
calculation
. b) Voicerate > c¢) prior SNR
estimation € estimation
En(f1, ki)
d) Optimal gain E
estimation
4 \ 4 \ 4
Y (S ki) G(f, k) En( S ki)

0 6.63: SNROOODODO

SNROOOOOODO 6.630000SNRODOOO
a)SNROOO
byOOooOooooog SNROO
coooopboon
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doooogoooo
oooono
ges70bUibbOibObOObOOobOobOOOoDOon

22a)SNRODOO 2000000000 6570000000000000000DO00YKk)ODODOO
OO000000000D0000000 Ak)ODOOOOSNRy,(kpODOOOODO

|V (ki) P
(ki .
Yn(ki) 1,0 (6.88)
k;) if k) >0
Ly = | vk i) > (6.59)
0 otherwise
2-b)0 0000000 2-b)000000000O 6580000
00000 e(f,k)000000000D0 SNRé&E(F-1,kOODOOOOODODO0OO00O0O00O
2
Pk = o &l - 1L k) 3 6.90
k) QMJ&U—LM+f * Wi (6.50)
2.c) 000000000 SNROO 2000000000 6SY0000O0
OO0 SNR¢, (k) DODODODDODODOOODOOO
&k = (1= al(k)) Emp + all(k)yS (ki) (6.91)
1S0(f = L k)
m = —_— 1— n _1,ki 6'2
fmp = Aoyt A -G - LK) (6.92)

0000&,000000000000000000000 SNRy,(k) 0000 SNR&,(k)DOOOO0D000
OD00&K) >&000000&K) =& 00000000

2-d)00000000 2000000000 6600 00ODO
U00000000000D00D0000 SNRé,(k)UDODOO SNRy, (k) DOODOODOODOOOOO vy(k) O
googo

fn (kl )

S SR TS)

Vn(ki) (6.93)

V(i) > @™ 0000 v(k) =" 0000
0000000000000 G'%k) =[G (ky),...,G (k)1 OO
n(k[) 1 inf e—t
GM(k) = k) ol —dt (6.94)
1+ & (ki) ap vy T
OD00000o00od
GHl(k) =1 ifv,(k;) < g™
n (ki) ?V()< (6.95)
G (ki) =1 ifGH*' (k) > 1.

j)0o0oooooo:
gbooobOoboooobgees4bbbObOOODOODOOO
a)30000000000 SNROOOO
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En(fs ki) Y (S ki)

Voice probability
estimation
v v v
a) Smoothing a) Smoothing a) Smoothing
(frame) (global) (local)
l E_, frame l é global l E_,local
b) Prob. est. b) Prob. est. b) Prob. est.
(frame) (global) (local)
P frame P, global Piocal
4 Y
c¢) Voice pause
prob. est.
Jaonr
d) Optimal gain P
estimation
Y
pa(f ki)

Oe664:00000000O0OOO

b0 O OO0O000000 SNROODOOOO0ODOODOO00O0OO
c30000b0obooooobooooogon
doOoooooooooogoon

ooooo

3-a)0 0 SNROOODO 3-ap00000000e661000000O

OO0O0@oHhOoOooDDOOO0O0 SNRE(f(DDODOODOODOOOOOOOO0 SNRG(f-1LkDODOOO
ooooogo

G k) = bL(f =1, k) + (1 = b)eu(f ki) (6.96)
00000000000000000000000 frameO globaldlocal 000000000000

e frame 000 OO0OONO
00000 Fe~F,0O00OD0DOOO0OO0OO0OOOODDOOOOO0O

1

Fen
Gk = g D, Gtk (6.97)
en st k/:F;,

e global DO DO ODOOODO
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global 0000 GOD hamning 0O O O0O0D00OO0OO0OOOOOO

G-1)/2
G = D Wi+ (G = D2k,
j==(G-1)/2

. 1 2T i
Whan(.]) = E (05 — 05 COS (?])) s

0000CO 2 whn()=1000000000000

e local UODOODOODODO
local OO0 FOODODDODOOODODOOOODDODOOODOOO

Jk) = 0250,k — 1) +0.50,(k:) + 0.25(k; + 1)

-b)oOoooooonD 3-bhooooobodbee20DOn

o Pi(k) 0 k) DO D
0DoO0¢“*fk)0000000O000O

n

0000&“k) 00000000 2%,z 00000000000000000

ko k k
peaky = | B o G KD <Z
" Zhix 1€ 4Nk > Zha

max >

O0O0P.(k)0DDODOOOOOOO

0, if &l (ki) < &k Z],
Pl = 1, if & (ki) > & (k) Zha
log(¢1 (k) /22" k)2, ) .
W’ otherwise
e PPkpO OO
Oooooooooo
0, if &5k <Z8,,
Pi(kl) = 1’ if g(kl) > Zr%tax
8. 8
—11(; gg((%i)//zzz"")) , otherwise
e Plky) 0D DO
Ooo0ooooooon
0, if Jik)<Z.,,
Pfq(kt) = L, if é’rll(kl) > Z:Inax
11 1
log(,k)/Z,,) otherwise

10¢(Znax/Z,,)
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ik (1 1) { Gk, ALk > Ziresl (f = 1K)

N =1, k), if otherwise.

(6.98)

(6.99)

(6.100)

(6.101)

(6.102)

(6.103)

(6.104)

(6.105)



3000000000 300000000 6630000
000000 k) 00300000000000000000000000000000 P& 4)000

000000000000
guk) = 1=(1-d" +aPyk))(1 - a® + a*P§(k) (1 - & + a' Ph(k»). (6.106)
oooo qn(kl) < qmin gooo Qn(kl) = Y4min ooo qn(kt) > qmax oooo Qn(kt) = 4max oooo

33)00000000 000000 pk) 00000000 gu(k)O OO0 SNR G(kHO O (6.93) 00000
O000000 w(k) DOODODODDODOOOOOOOOO
B gn(ki) -
pak) = A1+ =20 (14 £, (k) exp (=vu (ki) (6.107)
1 - qn(ki)

400000: 00000000000 0000 $,k)OO0000000000000 Y, (k)O00O0O0OOO
0000 GH'(k)OO000D000 puk) 0000000000000000000

Satk) = Yu(k)G)" (ki) palks) (6.108)
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0 6.53: PostFiter 0O 00000 (OO)

oooooo O oooooo (oo |00
EST_VOICEP_SETTING bool false obooooOoboooooooooon
O0000true00 000
EST_VOICEP_SETTING 0O O OEST_VOICEP_SETTING O true
gooooo
PRIOR_SNR_SMOOTH_FACTOR float 0.7 oooooooo
MIN_FRAME_SMOOTH_SNR float 0.1 O0O0000 SNROODOO (frame)Od
MAX_FRAME_SMOOTH_SNR float 0.316 OO000D00 SNROOOO (frame)d
MIN_GLOBAL_SMOOTH_SNR float 0.1 000000 SNRODOOO (globahd
MAX_GLOBAL_SMOOTH_SNR float 0.316 OO0o0O000 SNROOODO (global)O
MIN_LOCAL_SMOOTH_SNR float 0.1 O0O0o0D00 SNROOOO (local)Od
MAX_LOCAL_SMOOTH_SNR float 0.316 OO000D00 SNROOODO (local)dI
UPPER_SMOOTH_FREQ_INDEX int 99 obooooOoboooooooooon
LOWER_SMOOTH_FREQ_INDEX int 8 oboooooboboooboboooon
GLOBAL_SMOOTH_BANDWIDTH int 29 Oo0ooDoobooon (globah)d
LOCAL_SMOOTH_BANDWIDTH int 5 OO0O00000000 (ocahtd
FRAME_SMOOTH_SNR_THRESH | float 1.5 oooooo SNROODOO
MIN_SMOOTH_PEAK_SNR float 1.0 oboooboOoSNROODOOOOODO
MAX_SMOOTH_PEAK_SNR float 10.0 oooopbooSNROODOOOOODO
FRAME_VOICEP_PROB_FACTOR float 0.7 000000000 (frame)d
GLOBAL_VOICEP_PROB_FACTOR | float 0.9 oooooOoboo (global)d
LOCAL_VOICEP_PROB_FACTOR float 0.9 oo0ooooDboO docal)d
MIN_VOICE_PAUSE_PROB float 0.02 uboooooboood
MAX_VOICE_PAUSE_PROB float 0.98 obooooobooog

179




65400000
go gboooooboooogn

Y(k) = [Vi(ks), . .., Yn(k)]” 00000 ,k000000000000000
NW@:PW%L“JWQNT 0000000000000000000000
PW@:PW%LHJM®W‘ 0000000000000000000

@, 000000000000 D0D0ODO0DO0O0DDO0OO0O
SPEC_SMOOTH_FACTORO 00000 0.5
S™P(k) =[S (ky).....Sy"(ky] | 000O0000000O0OODOOO
™ (k) = [T (k). ... Smk)| | DODDDDDO0O000000

L Smpy00000000000000 BLOCKLENGTHOOODOOO
80
0 O0o00O0ooobo0oO0ooOgoD VOICEP.THRESHOLDO OO OO
O 3.0
ay oooocoooooODbODDbODbOOOoOO0O0Oao STATION-
ARY_NOISE_MIXTURE_FACTORO O OO OO 0.98
Yok (k) gboooboobooboobobboobooboobooon
q oobboooobboooobboooboboooobooboo
AMP_LEAK FACTOR,O0O0O0OO 1.5
S floor ob0o0o00O0b00b00obO0Ob LEAKFLOOR, 0 0OOO0O 0.1
r goboboobboobouooobDbao STATION-

ARY_NOISE_FACTOR, O OODO0O 1.2

ges55:00000

00 |oDoooooooooOoo
Alek(y | 000DDDDOOODO0OOCOOODOOOOOOOOOOOOOOOOO0O

Q¢ | 0000000000 000000C0O LEAK.FACTOR x OVER_ CANCEL_FACTOR
S.(f.k)| 0673 000000000000000

O656:00000

oo gboooooboooooo

A(f,ky) |0D0000OD fO0DOOOODOOOOOO

S(f-1,k) | 0D0D00DODO PostFiter 0000000000000 DOOOO
0% 00000o0bD0b0o0oO0o0o0bOob0o0ooDbOon REVERB.DECAY FACTORO OO OODO 0.5
A O0000O00000000Db00000D DIRECT-DECAY_ FACTOROODOODOO 0.2
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0657: 0000000
00 00o00O0O0O0o0oooo
Y(k) | PostFiter 00000000000 O0ODOODOOOOO
S(kj) | PostFiter 00 0000000000000 O0O0O0O0OOOOOO
Ak) |00000000DOO0ODOOOODODOO
Yu(k) | OO0 n0O SNR
odik) | 00000
&) | OO SNR
G'(k) | 0000 SNRODOOODOOODODOOD

ge6s58:00000
ub (goocoboobooogo
ahe | 00 SNRODOOODODOO0O VOICEP.PROB.FACTORD OO D OO 0.9
a obooooOoboooobOd MIN_VOICEP_PROBO OO OODO 0.05

min

0e65%:00000

o0 (ooooboooooon

a OO0000SNROOOODOOOOOD PRIOR.SNR.FACTORO DO OO OO 0.8
gex 1 00 SNRODOOOOOOODO MAX_PRIOR.SNROOOOOO 100

06.60: 00000
ub (ooooboboooogon
g 10000 v(kp)OOODOOOOD MAX.OPT.GAINODOOOOO 20
grn | 0000 v(k) DOODOODODOOO MINOPT.GAINDOOODODO 6

06.6l: 00000
00 |000000000000
L) | 000000000 SNR
&(k) | OO SNR
(k) | 0OODOODO SNR (frame)
k) | 00D0D0OD0 SNR (global)
k) | 00ODDODO SNR (local)
b | 00000 PRIOR.SNR.SMOOTH.FACTORO 0 OO OO 0.7
Fy, | 00000 LOWER.SMOOTH.FREQ.INDEXOOOOOO 8
F,, | 00000 UPPER.SMOOTH_FREQ.INDEXO O OO OO 99
G | 00000 GLOBAL.SMOOTH.BANDWIDTHO OO0 OO 29
L | 00000 LOCAL.SMOOTH.BANDWIDTHO OO OCOO 5

181




0e662:00000

go

oobooboooooao

18 (k)

AN

PN )
peak

‘min

peak
Zmax

Zlhres
1.8

‘min

1.8l
Zmax

O0O00DO0OO000D0 SNR

goboobooooogd

OO0 SNROOODO

00000 MINSMOOTH.PEAK SNROOOODOODO 1
00000 MAX.SMOOTH-PEAK.SNROOOOOOO 10
FRAME_SMOOTH_SNR_.THRESHO OO OOOO 1.5
00000 MINFRAME_SMOOTH_SNRO
MIN_GLOBAL_SMOOTH_SNR[
MIN_LOCAL_.SMOOTH.SNRO O OODOODO 0.1
00000 MAX_FRAME_SMOOTH_SNRFO
MAX_GLOBAL_SMOOTH_SNR[
MAX_LOCAL_SMOOTH_SNRO O OO OODO 0.316

ge63:00000

go

gbooobooobobod

qn(k;)

Gmin

qmax

oooooo

FRAME_VOICEP_PROB_FACTORO 0 OO OO0O0.7
GLOBAL_VOICEP_PROB_FACTORO OO OO OOO0.9
LOCAL_VOICEP_PROB_FACTORO OO O OOOO0.9
MIN_VOICE_PAUSE_PROBO 0 OO O 0O 0.02
MAX_VOICE_PAUSE_PROBUO 0 0O OO0 OO0.98
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6.3.11 SemiBlindICA
0ooooo

0000000000000 000000(@O0O00000000000)0000000000WOOO
gbooooobooog

googood

ooo

good

(booooooooo |

obooboobooobooboobooobooboobooobooooboooobooboooOobooobooon
obooobooobOoobOooooboobOOobooobooboOoboooboooboobOoooOooboooobooon
gbooobooooooboboobooboobooobooboooboooooboooobooooooboooobooon
ooooo

oboobooobooobooooobooobooooboobooobooboobobooboooobooobooon
oboboooooboooooboooboboboooooboobobobooboooboOooboooooooboooooon
gooobooooooooobooobooooooo(@:-oboob0obbo0bwavOoooooo ooHbO
bboooboooboooboooobooobooooboobooboooobooobOoobooobooooboOooon
0000000000000 O0oO0000goooDoOSemBindiICAOOOOODOOOOOODOOOOOOO
gboobOoboooooboboobooboobooooobobo0ooboobobooooboOobooon

(obbooooo )

O 6.65and 6.66 0 SemiBlindICAOOOOOOOOO 6650000000000 0C000000DO0O0O0OO
OO000CO00D0OCO0 INPUTOOOODOO REFERENCECOOODOOO MuiFFTOOODOOODOO
O00000D0O0O0O0O00000O0OUTPUTOOINPUTO DO REFERENCED D ODOOOOOODDOOOOO
OO0O00O0OLocalizeMUSICODOOOOODOOOODOOOODOOOOODOOOOODOODOOODODOO

ge660l1D0OODODOOODODODO200000000000D00O0O0O0DO0OOODOODOODOO
OO0wavOOOOODODO SemiBlindiICADOOOOOOOOOODOOChannelSelector0 000000000
gboboobOobooboobobooooboboooobooooon INPUTO REFERENCEOOOOOO
OOoDOOOOO0oOdbOee66DDO0DOO0OODODOOOOOODODDOODOSaveWavePCMOODODOOOOOOOOO
obooobobo0oobobwavdOOOOOOOOOODODOOODOO

oboooboooooooon

INPUT : Matrix<complex<float> >0 00000000000 0O0O0O0OOOCOOOOOCOOOOOOO
MutiFFTOOOOOODOOOOODOOOOODOOOOODOOOOOoDooOO
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MultiFFT SemiBlindICA LocalizeMUSIC
node_MultiFFT_1 node_SemiBlindICA_1 node_LocalizeMUSIC_1

INPUT OUTPUT INPUT INPUT

NOISECHM

" REFERENCE
MultiFFT
node_MultiFFT_2
OUTPUT SourceTracker Displaylocalization
node_SourceTracker_1 node_Displaylocalization_1

ouTPUT S0URCES RNy OUTPUT

O 6.65: SemiBlindICAOD OO OOOO0O

AudioStreamFromWave MultiFFT ChannelSelector
node_AudioStreamFromWave 1 node_MultiFFT_3 node_ChannelSelector_1

INPUT INPUT AUDIO INPUT ouTPUT INPUT ouTPUT _ _
SemiBlindICA

Ll =i CONDITION
ChannelSelector node_SemiBlindICA_2
node_ChannelSelector_2 INPUT OUTPUT

INPUT ouTPUT REFERENCE

MatrixToMap synthesize SaveWavePCM
node_MatrixToMap_1 node_Synthesize_1 node_SaveWavePCM_1

ouTPuT TS

0 6.66: SemiBlindiICAODOOOODOOOOODOOOODOOOOOD

REFERENCE : Matrix<complex<float> >0 0000000000 O0ODCOMuiFFTOOOOOOODO
gbooobooooboboooooobon

OUTPUT : Matrix<complex<float> > O 0000 INPUTOOOODOO REFERENCEOOODOOODO
INPUTOOOOODOOO0OOOOO0OO00O00O000000000a0

gobooo

CHANNEL ODOO0O00D0O0O0O0 INPUTOOOODOO
LENGTH 0000000000000 O00OO0OHARKOOOOOOODOOOOS12[(pt]COOO

INTERVAL 0000000000000 O0O00O0ODOOO00000ODO0O0O0000o0ooODOOb0000ooon
00000 multiraterepeating 0 0 000000 0000000000000O0O ®00000 KOOOO

TAP.LOWFREQ OO0O0OO0 O[Hz]OOOOOQOOODOOOOOOOOOO0ODOOOOOOOOOOoODO
gbobooobooooboboboooooooooboobobooooboooboobobOobobooooon
ooo M, O0OO0OO0O

TAP_HIGHFREQ 00000000000 DOOODOOO0OOO0OOCOOO0OO000O0O000ODOOOTAP.LOWFREQ
ooobooooboobooooboo Mmpononoo

DECAY O O00000DOOOO0O0O0O0ODOOOOO0O0O0O0ODOOO0O0OoOooDOObOOOooooDODDOOOO
goboooooooboobobooooooooobobobooooboobDobOobOobobooooon
gboboooooobooboooooooooobooboboooooobobobobobooooon
gooboobooobooooooobooboobooboooooooooobOoobooDborn
oobOoO0ooooobooobbooboobooboooboe-080000O0O0OOOOOOOobOOoOoOonn
oa0000
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O 6.64: SemiBlindiICAO O OOOOO

oooooo O ooooog oo oo

CHANNEL int 1 OO0 INPUTODOOOOOD

LENGTH int 512 [pt] gbooobobooooobooog
INTERVAL int 1 ooooooOoObbOO0O000o0oooooo

ugoboooboooooboaooboaad
gooooooooob @bbooo
gooo)ooooooooo

TAP_LOWFREQ int 8 [frame] | OOOO0OO0 O[Hz]OOOOOOOOOO

TAP_HIGHFREQ int 4 [frame] | OODOO0OO0O0OOD0OOO0OODOODOOOO
go

DECAY float 0.8 obooobOobooooboboooogd
obooooOobooooboobooonog
oo

MU_FILTER float 0.01 gboboobooboobooboboooogd
oooood

MU _REFERENCE float 0.01 goboboooooobooooobooooon
oooooooo

MU_UNKNOWNSIGNAL | float 0.01 gboboobobooboobooooog
obooobOobooooobobooonog
ooo

IS_ZERO float 0.0001 oooobooobooboboobooodg
oboboobOobooooboboooogd
oo

FILE_FILTER_IN string -null ooooboboooobobooonog

ooooODDDOo0Obo0o00 “null” 0O
obooobobooooobooog
FILE_FILTER_OUT string -null obooooOobooooboobooonog
oooobooooooogg “nud>00
gbooobooooboobo
OUTPUT_FREQ int 150 [frame] | OOOO000O0OO0O0DOOOOOOOO
ooo

MUFILTER 000000000000 OCOO0OO0O0OOOO0O0OOO0000O0000O000000O0000AO0
obboooooobobobooooooboobOOoboboooooooobooboooooo1boooo0oon
gooobooogooboboooooobooooobob0 @oH)ooooboooooboboboooooooo
bobooooooboobobobooooooooboobobobobobooboooboo@o)yooo
ooobooboooboobooooobobooooboobooboo w,b000

MUREFERENCE 0000000000 DO0OO0ODOO0OO0OOCOODOOOO0ODOOODOO0OOO0ODOObOOOnOO
uobooboooobobooooboboo w0000

MU_UNKNOWNSIGNAL 00000000DO00D0O00DO00O0O00DO000O000000000OMU_REFERENCE
oo0ooo0ooboooOooooodooooooooOooooooo0oono woooOo
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ISZERO O OO00O0OOO0OOOOOOOO OO0ODOOOOOOOOOOOOODOOODOOOOOOODDOOO
oooobooooboobooooobooooooon

FILEFILTERIN O 0000000000 OOO0ODOO0O0OO0O0O0D0O000“nu>O00000000000OO
oood

FILE FILTER OUT 0000000000 DOOO0000O0ODOOO000D“nu’000000D0O00ODO0O0O0O0

OUTPUT FREQ U 0000000 DOOOOOOODOOOODOODOO

gooood

SemiBlindiICAOOOODOOOOOOOO (STFHOOOOODODOOOOOOOOOOOoOooooooooo
goooooooboooogoboooob dcaA)ooboobooooboooboooobooboooboooo
boooboooboooobooboooboooooobooooboooobooooboOoooOooboooboOooon
oboooOoboooooboboooooboooon

OO0O0O00O0OO0OOoo0: SemBlindiCAOOOOOOOOOOOODOOOOODOOOODOOOODOODOOOO
oooooooSsSTFTO00D0O0ODO0000DODO0000DwODOOOOODODO, fO0O00ODOOOO
Ubooobob0 Xw, HOOOOOOOOOOOODOO

M
X, f) = N, )+ ) Hw,m)S (@, f - m)
m=0

O000ONw,HODODOODOOS(w, HAOOOOO0OOD0O0OHw.mODmOOOOODODOOOOOOOOOODO
oboobooooooboooboorcaAgoogoooooooboooboobbooooooobooon

[N(w,f)] _ [a(w) —wT(m](X(w,f)]

(6.109)
S, f) 0 I S(w, f)

S(w9f) = [S((L)’f)’S(w’f_K)’9S(w’f_M(w)K)]T
ww) = [wo(w),wi(®)," -, Wy (@)]”
M) = floor (w/wn,(My - My)) + My,

0000w 00000000000000000000000M,0My0 0HzO0OOOOOO0O000 wpy,
000000000000 0ww!0M+100000000 wwOODODODODODODODODOKOOOOOOO
000000000000000000000000000000000000000000000 multirate
repeating® 0 00,00000000000000000000

0000D00000: D0000000AN0DSO0000000000000000000DOOO Kullback-
Leibler Divergence (KLD) 0 0 0 00 000000000000000000®O00000000OOO0O0O
00000000000 N, 0000000 8,000000000000000

w(w, f+1) W, ) + @y, ) (Bu(@. ) Su(w. )

1

a(w)
O000%0 x000000000000@,(x) 00 tanh(x)e®™ 00w, 000000000

oy = diag (s, A"+, A7) (6.110)
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oboobobooooooboobooobooooobooooboooooooboooobooobooOooobooobooon
0000000000000 0000000D00000 NOOOODDOO (6.109000

Nw. ) = X, [)=-ww,) S(w,f) (6.111)

goooooooo
00000000000 DOOANDDOOOOODOOOO0OO0ODODODOoOoooOD E[l -®, (xa ia,] =10
gdoboudboboooboooiobobooobouodoU KLbooooooodxoooooo vy
gooooooooooad
Vx(f+1)=yx(f)+ﬂx[l_q)x(x(f)vx(f))x(f)f/x(f)]Vx(f)

O0DDDONDOOOOODDDO «00000D000000DODO

N.(f) = a(HN() (6.112)
a(f +1) = a(f) + pall = @5 N (MNL(Hle(f) (6.113)

SemiBlindICAD 0000000000 ODO0ODOODOODOODODOODONDOODOODOODOOg
obooobooooboooon

Sa(f) = BHS) (6.114)
BUf+1) = B+ ppll = s, (Su(NS2(NIBL) (6.115)
Su(f) = [Sa().Su(f = K), -+, Su(f = MK)]

OO0000: SemiBlindiCAOODDOOOOOODODO (6.110)0~(6.11500000000000000000O
ob0ooo0o0ooDoobooboobDObAlgerithm 1 ODO00000O000O0O0ODOODOOO

Algorithm 1 SemiBlindICAD 0 O0O0ODODODODOO
#x J00000 wO0O0ODD fO00O0DODODODO %k
N(w, )0 00 (O (6.111))
N(w, £)0 S(w, )0O000 (O (6.1120 6.114))
000000 wew, )OO0 (O (6.110))
00000 e(w, HOBw, /)OO0 (O 6.11306.115)
0000 Nw, /H)OOO

oooooo Aleorithm20 0000000000000 O0DO00O0O00OO0O0O0O0O k000000 wO OO
gbobooboboooobobooooooboo

Algorithm2 00000
#**OO0O000000000000000000 #**

fef+1
for chinO,---,C do
for winO0,- -, wy, do
00o000o0oooooog fle0O0oood
end for
end for
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(1) R. Takeda et al., “Barge-in-able Robot Audition Based on ICA and Missing Feature Theory,” in Proc. of IROS,
pp- 1718-1723, 2008.

(2) H. Kiya et al., “Improvement of convergence speed for subband adaptive digital filter using the multirate repeat-

ing method,” Electronics and Communications in Japan, Part III, Vol. 78, no. 10, pp. 3745, 1995.

(3) C. Choi et al., “Natural gradient learning with nonholonomic constraint for blind deconvolution of multiple
channels,” in Proc. of Int’l Workshop on ICA and BBS, pp. 371-376

4 OO0 Oetal,“0000D000D0O0OO0OO0ODOOODOODOODOOOOODOODOODOODOyDOO
0000002000000, 1A2-02, Sep. 2008.
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6.3.12 SpectralGainFilter
gooood

O000o00D0o00ooO00oO0o0D0o0DObo0DO0O00Dbo0DOO0PestFiterDOO0DOOODDOO
goo

goooooo

ooo

good

(booooooooo )

HRLE OCalcSpecSubGain0 0 0 0000000000 OOOOOOOOOOOOOOOOOOOOOOOO

(boooooo )

SpectralGainFilter 000000 6.6700000000GHDSSOOOOOOOOOOOOOO0O0OO Cale-
SpecSubGainO0 00000000000 DOO0O000O0O0O000ODOO0ODOO0OO00DDOOOOSynthesize,Sav-
eRawPCMOODOOOOODODOOOODOOOODO

GHDSS SpectralGainFilter WhiteNoiseAdder

node_GHDSS_1 node_SpectralGainFilter_1 node_WhiteNoiseAdder_1

INPUT_FRAMES OUTPUT INPUT_SPEC OUTPUT_SPEC INPUT OUTPUT
INPUT_SOURCES VOICE_PROB
GAIN

PowerCalcForMap CalcSpecSubGain
node_PowerCalcForMap_1 node_CalcSpecSubGain_1

INPUT ouTPUT - INPUT_POWER_SPEC VOICE_PROB
NOISE_SPEC GAIN
OUTPUT_POWER_SPEC

HRLE
node_HRLE_1

INPUT_SPEC NOISE_SPEC
= = CalcSpecAddPower
EstimatelLeak node_CalcSpecAddPower_1

node_Estimateleak_1 INPUT_POWER_SPEC1 OUTPUT_POWER_SPEC
INPUT_POWER_SPEC LEAK_POWER_SPEC INPUT_POWER_SPEC2

0 6.67: SpectralGainFilter 0 0 O O

oboooboooooooon
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INPUT_SPEC : Map<int, ObjectRef>00GHDSSOOOOODOOOODO IDODODOODOOOOOOOOO
0 0O O Vector<complex<float> >0 0000000

VOICE_PROB : Map<int, ObjectRef>0O000 IDOOOODOODOO Vector<float>O0OOOODOOO

GAIN : Map<int, ObjectRef>0 000 IDODOOOOOO Vector<float>OO OO OOOO

OUTPUT_SPEC : Map<int, ObjectRef>00GHDSS OO ODOODOODOOD IDOOOOOOOOOOOO
0000 Vector<complex<float> >0 0000000

goboo

oo

gooood

oobooboooboooboboooboobooboooboobooooboooboooboooooboooon
oooooooo

O0000oooo0o0oooooDooD vyk)DODOOOO00OD0O0OD0O0000 X,(kpOOOOO00D0 GuknO
oo0oooog pkpOOOOCOO0DOOOO0ODOO

Yatki) = Xu(ki)G(ki)pn(ki) (6.116)
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6.4 FeatureExtraction 0] [ [ [J
6.4.1 Delta
ooooo0

0000000000000 00O0000000000000000000000000 MSLSEXxtraction O
MFCCExtracton 0 0 0 000000000 COCOOO0O00000O0O0OO0OOOOOOOOOOOOOOOOO
oboooOobooooobobooobooboooobooooobooboboooboobooooboooboOoboOoOn
OODetad0DCOOOO0O0DOOOO0ODOOOOODODOOOODOOOODODODODOOODDOOOOO
uboboobobooboobooooog

gboooood

goao

good

(Dooooooooo |

0000000000000 0000000000000000MFCCExtractionl MSLSExtraction 0 O O
oood

(Doooooo )

CIEE EITIERECA MSLSExtraction Delta
FBANK OuTPUT INPUT ouTPUT
INPUT OUTPUT SPECTRUM

FeatureRemover
node_FeatureRemover_1

INPUT OUTPUT

SpeechRecognitionSMNClient
node_SpeechRecognitionSMNClient_1
FEATURES el OUTPUT
MASKS

SOURCES

06.68:Deltal 0000000

oboooboooooboooo

INPUT : Map<int, ObjectRef>0000 IDOOOOOOOMONO Vector<float>O0O OO OOOOnO
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0 6.65:Delta0 00000
gboogog U goooobg (oo (oo

FBANK_COUNT | int 13 googooooo

OUTPUT : Map<int, ObjectRef>0000 IDOOOOOODODONO Vector<float>O0OOOOOOOO

gobooo

FBANK COUNT :int00000000000DOCOO00DOOCOO0ODOOO0OODOO0O0OODOOO0O0ODO0
Ob000000o00O0b0bO0bO0ObO FBANK COUNTOODODODODODODOOOOOOOooOooOoooo
O00000000 true000O000OOD0O FBANK.COUNT+ 1000000

gbooaod

oboobooooboooboooobooboooobooobooooobooboobOoooobooobooon
UbOoo00oobOoO0OO0OO0bDOFBANK. COUNTODOOOOOOOOOOOOOOOOOOOOOOOOOOO
FBANK. COUNTOOOOOOOOOOODOOOOOOODOO

oooooo fOb00O0OOODOO0OOODODO

x(f) = [x(f.0),x(f, ... x(f,P= D" (6.117)
00000000POOFBANK.COUNTOOOO

Y = (L0, x(f.2P = DI (6.118)
0Dooo00oooooooo

x(f’p)’ 1fp:O,,P—],

y(f, p) (6.119)

2
wZ‘r-x(f+T,p), if p=P,...,2P—-1,
T=-2

O00D00000w= === 000006690 Deltad00000C0D0DOO0

Zz_z 72
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Time (frame index)

é [ xO) | x) [ x@) [ e [ [xED ] 20 [ x@D] x| oo |

2P-dimension Vector Sequel

Output

XF2.0) | 2100 | 2(h0) | 2(+1.0) | x(f+2.0) (| o)
x(f-2,1) x(f~-1,1) x(f,1) x(fF1L,1) | x(fA+2,1) Through y(f,1)
x(f-2,2) x(f~1,2) x(f,2) x(f+1,2) | x(+2,2) y(£,2)
X(E2,P-1) | x(71,P-1) | x(FP-1) | x(F+1,P-1)|x(f+2,P-1) \ | y#.P-1)
| [ | Y*P)

\2/ -1 Y(f,P+1)

Y(EP+2)
d :

3 Y(f2P-1)

(Z;VZ)I

w=-

0 6.69:Deltal0 00 ODOOODO
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6.4.2 FeatureRemover
oooooo

ubooboootbooboooobooboobooobooboooboboboooboooobooooboobo
goo

goooooo

ooo

good

(Dooooooooo |

oboobobooobobooobooooboooboooobooboobooboboooooooboooboOooboog
obooooobooooon

oooobooobooooboobooboobooooboboooboboobooooboobooobooboobooboooboon
gboboobobooboobdooooboobooooboboooboobobooooobooboobOobooonog

(Doooooo )

MSLSExtraction 0 MFCCExtractonD 00 000000000000 ODelta0 000000 OOODCDOOO
gbooobooobooboooobooobooooboobOooooboooboooobooobooooboooon
cOooooOo0o0ooDooOoooOoo0ooooObO0o0ooOoOoOoOoDOooOOUoD betaDOOOODOOO
obooobobooooboobooog

node_MelFilterBank_1 MSLSExtraction Delta
FBANK OUTPUT INPUT OUTPUT
SPECTRUM

MultiFFT
node_MultiFFT_1

INPUT OuUTPUT

FeatureRemover
node_FeatureRemover_1

INPUT OUTPUT

SpeechRecognitionSMNClient
node_SpeechRecognitionSMNClient_1

FEATURES OuUTPUT
MASKS
SOURCES

O 6.70: FeatureRemover 0O OO OO OO

oboooboooooooon
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0 6.66: FeatureRemover 00 OO OO

gpoooog O goooog oo | go
SELECTOR Object | <Vector<int> > odoooooooooooooon
ooooogo

INPUT : Map<int, ObjectRef>0000 IDOOOOOOODONO Vector<float>O0O OO OOOoOnO

OUTPUT : Map<int, ObjectRef>0000 IDOOODOOO0OODO Vector<float>00O0OOOOO0O0O

goboo

SELECTOR : Vector<int>UO 0O O0OO0OO0OODOOOOOOOOOOODOODODOOOOOOO1IOOOO
30000b000obooobooooooob 2000000000 <Vector<int> 0 2>00000000
oooobobooOobOoooobooboonog

gooooo

gbooobOobooooobobooooobooooobobooobooboobooooooo

gooooboooboooooooobooobobooobooboooobboobobobooboooboooDoo
boboobooobooooobooooooobooooboobooooobooooooobOoooooDo
bboobooobooobooooboobooooboobooobooboooboooOoboooboOoooooDo
oboooooobooooboooboboboobooobooboOooooboobooboooboooboooooon
goooooooooboooobooboooogoboooboooooooobobooboooDoboboooDooo
booobooobOoboooboobooboobooooboooobooboooobOooboOoobooboOobooon
obooooooooogn
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6.4.3 MelFilterBank
ooooono

oboobooobooooboooboooobooboooboooooooboooboobooooboooooon
gbooobo20000000000000000O00DOO00O0000

goooooo

ooo

good

(booooooooo )

0000000000000 00D00OO0D0MultiFFT O PowerCalcForMap O PreEmphasis 00 00 00O
0 O MFCCExtraction O MSLSExtracton DO OO0 OD0O0O0O

(Doooooo |

node_MelFilterBank_1 MSLSExtraction a
e R s M s [ oo |
_ = S ® aDm
SPECTRUM

FeatureRemover
node_FeatureRemover_1

INPUT OUTPUT

INPUT QUTPUT

SpeechRecognitionSMNClient
node_SpeechRecognitionSMNClient_1
FEATURES LU OUTPUT
MASKS

SOURCES

0 6.71: MelFilterBank D O O O

oboooboooooooon

O 6.67: MelFilterBank O O O OO 0O030

gboooog g goooog (oo (oo

LENGTH int 512 [pt] | OOOO0OOO

SAMPLING_RATE int 16000 [Hz] | ODO0OO0O0O0O0O0OO

CUT_OFF int 8000 [Hz] | ODO0O0OO0OO0OO0OO0OO0OO0OOOOOO0O00OO0
MIN_FREQUENCY | int 63 [Hz] | DO0O00OO0O0O0O00OO0DOOO0O
MAX_FREQUENCY | int 8000 [Hz] | O00O000O0O0O0OO0O0DOOO0
FBANK_COUNT int 13 obooooood
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INPUT : Map<int, ObjectRef>0000 IDOOOOODOOONO Vector<float>O0ODOOOOODOO0OODODO
Vector<complex<float> >0 00000000 DOOOOODOOOOOO0ODOOODOOOOODOODOO
oboobooooboboooobooooooboooo

OUTPUT : Map<int, ObjectRef> 0000 IDODOOOOOOOODOODOOODOOOODOODOODOOOO
OO0 Vector<float> 00 UO0OOODO00O00OD0DO0OO0DOODOOOFBANK.COUNTOODOODOO
000 FBANK.COUNT-1 ODOOO0O0OO00O0OO0DOO0OOOCDOO0O0OO0DOO0OO0ODOFBANK.COUNT OO 2
*FBANK.COUNT-1ODOOOOo0O0OO0OO0O000O0O0O0O0O0O0O0O0O0ODOO0O0O00O0O0O0O0O0O00000
000000000000 0O0 FeatureRemover OO O OODODOOOODOOO

gobooo

LENGTH :int00000O0O0OOCOOOOO000O0O0000O0O0O0O0000O0O0O0O0DODOOOODODDDOOO
SAMPLING RATE :int 0000000000000 00OCODOO0OO0O0OO0O0ODOO

CUT.OFF :int000000000000000000000000ODO0O0CDODO0O0O0O0O0O0OOSAMPLING_RATE
012000000

MIN_FREQUENCY :int 0000000000000 0000DO0000DO0O00 CUT.OFFO00O
MAX FREQUENCY :int 0000000000000 0O0ODOO000ODOO0O0ODOO CUTOFFOOO

FBANK_COUNT :int 00 0000000000D0OOC0O00DOOOO00ODOO0

gbooaod

uoboooooboooobooobooboooboobooboooobooboobooboooboooooon
000Y0000000000000000000000000000000 SAMPLING RATE/LENGTH
00 SAMPLING_RATECUT_OFF/LENGTH O 0 OO0 FBANK_.COUNTOOOODOODOO
oooobooooboobobooooooon

m = 1127.01048log(1.0 + ) (6.120)

A
700.0

oooooobobooooooooooodu AHz)ODOOO0O0OoooooboOoOO0 mOO0O00 6.720 8000 Hz
O0b0O000b00O0oo0bOO0OoOO0 SAMPLING.RATE O 16000 HzO CUT_OFF O 8000 HzO OO FBANK_COUNT
0O B3gofoboooobooooooboobooboooboooooooooobobooboobooobooooo
gooood

ge7300000000DO00DOO0O0DOOOOODLOODOOOOOOODLOOODO 1 o0OODbOObOOOn
goooobooooooobOibbOobObOODODbDOUOOODOOOODOODODODODOODODOOO
ooooooooooooo0oooooooooooobo0 6740000000 DOODOOOODOOOOOO
oboooboooooogon

ooboooboobooooooboooboobbooboboobooooe7/400bb00b0OO0ODOOODbDOOOOn
obooobobooooboobooog
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3000
2500 foomosn ///
............. ———— :
2000 [FEEEEEE //
z I N
N . ¥ : :
> 1500 ¢ bt
< 1000 | S : :
500 fofiii I e i
o : :
o 1 2 3 4 5 6 1 8
Hertz scale (kHz)

0e672:.000000000000000DO

weight

A XXXXXX/XXX
LTV

0 500 1000 1500 2000 2500
mel scale (Mels)

0673:0000000000D0O0

ooogd:

(1) Stanley Smith Stevens, John Volkman, Edwin Newman: “A Scale for the Measurement of the Psychological
Magnitude Pitch”, Journal of the Acoustical Society of America 8(3), pp.185-190, 1937.
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6.4.4 MFCCExtraction
ooooono

O00000000oOoooo0oDoobOobOobOobobooOonO (MFCC : Mel-Frequency Cepstrum Coeflicients)
goooooOoOoOOOODODOOOOOOOOO0OO0O0O0000000O00O0OO0O0OO0OOoOOoOooood

goooooo

ooo

good

(Dooooooooo |

gobooobooobooobooobooobooobooobooboooboooooboobooboOoooobooooon
gbooobOoboooooboboooooboooobOooboooobooboooooboooon

(Doooooo )

e iR ] MFCCExtraction Delta
node_MultiFFT_1 FBANK OUTPUT INPUT OuTPUT
SPECTRUM

INPUT OUTPUT

FeatureRemover
node_FeatureRemover_1

INPUT

SpeechRecognitionSMNClient
node_SpeechRecognitionSMNClient_1

FEATURES NN ouTPUT

OUTPUT

MASKS
SOURCES

0 6.75: MFCCExtractonO OO0 OO0 OO0O

gbooobooboobon

0 6.68: MFCCExtractonO OO0 QOO OO

ooooog O ooooog (oo b0

FBANK_COUNT | int 24 obooooboooooobooooon

0 NUM_CEPS int 12 obooooobooooboboooon

O USE_POWER | bool false gbooooboobooboboooobooon
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FBANK : Map<int, ObjectRef>0000 IDOOODOOOODOOOOOODODODODOOOODDOOOOODOO
Vector<float>0O OO OOOOOO

SPECTRUM : Map<int, ObjectRef>0000 IDODDOODOODOOOOOODOOODOOODOO
Vector<complex<float> >0 00000000

OUTPUT : Map<int, ObjectRef>0000 IDO MFCCODOOODOOOO0OOODOOOO0O0OOOO Vector<float>[
oooooboooon

gobooo

FBANK COUNT : int 0000000000000 OO0O0OOO00OO0DOO0O00OOO0 24000000000
gbobooooboboboboi11obobooobooooooboboboooboobOobOoboobooooon
Ub0o00o0ooo0ob0ob FBANK COUNTOOOOOOOOOODOODOoOOooOobooooooooo
obooobobooobOooboooooboooooboboooooobooon

NUMCEP :int0000000000000000C0OCOOOODOOOO000O00 120000000000O0O
goboobooobooboooboooboobooobooobooooboboobooboooOoooooboooOoon

USE_POWER :bool 00 OOOO0OOOO0ODOO0OOODOODOOODOO truedDO

gooood

oo0oob0o100000000000000 (MFCC : Mel-Frequency Cepstrum Coefficients) 0 0 0 0O OO
cooooMFCCOOODOOOODOOOODOOOODOOOODOOOODO

ooooO0OOoO0O0o0oOoOoOoOooooOoOoOOOOO0O00O0O0O0OoOoOOOOOODOOOOOOOoOoOOoO
OO0000DO0o0DO0000O00DO00DO000O00b0000O0b0bOObO0OO0OO0O0oOOgn (biscrate Cosine
Transform) 000000000000 OCOOODOOOO MFCCOODOO

000000000 FBANKOOO O0O00OO0OOOOCOOO0000O0DOOOCOOO0000O0ODOO0O0O
ooo

000000 fO0OOOC FBANKOOOOOODODOOO

x(f) = [x(f,0),x(f, 1), -, x(f,P— D" (6.121)

oobo0ooooOopPOO000O0OOO0DOOOO0DOOOOFBANK. COUNTOOOOOOOOOOOOOOOP+1
goboobooooooooobooooooooooooboooboob1Ibooboo POODODOODOOOO
goboobobopP+1000000000O0O0DOOOOOOODOODOOOOODO

y(f) = [)’(f,o),)’(f,l),,)’(f’P—l),E]T (6122)
2 =9 m(p + 1)(g +0.5)
Wp) = L) \@ - ;{Mg(x(q» cos( T2 (6.123)
O000DEOOOODDODODODODODODONONONON0NONON0OOO

0 .

L(p) = 1.0+ 5 sm(w),

6.124
0 ( )

oboooooboog=220000
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OODDOOOSPECTRUMOODODOOOOOCOODOOOOOOODDOO
s = [s0),....,s(K - D], (6.125)

00000000 KOOFFTOOOODOKOOSPECTRUMUOOOUODOO MapOOODOOODOOODOOOO
goooo

K-

—

1
K

E = log(
k=

s(k)) (6.126)
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6.4.5 MSLSExtraction
ooooono

O000000o00oooooDooO0o0o00ooooDoO0O (MSLS : Mel-Scale Log-Spectrum) O O O
obooobooobooboooboooooboobooboooboooboOoooobooooboOooooboooobooon
oooood

goooooo

agoo

oood

(Dooooooooo |

ooboobooobooobooboooboooobooboooooooboooboooboobooooboooDooon
boboobobooboobobooobooboooobobooooboobooooooboo

(Doooooo )

FBANK QUTPUT INPUT QuTPUT

node_MelFilterBank_1 MSLSExtraction Delta

INPUT OUTPUT SPECTRUM

FeatureRemover
node_FeatureRemover 1

INPUT OUTPUT

SpeechRecognitionSMNClient
node_SpeechRecognitionSMNClient_1
FEATURES L OUTPUT
MASKS

SOURCES

0 6.76: MSLSExtracton 0 000 Q0O OO

gboooboooooooon

0 6.69: MSLSExtractonO0 0000 OO

gooood O goooog (oo (oo

FBANK_COUNT int 13 oo00ooo0o0ooooboooobboooooobooOo1300c
NORMALIZATION_MODE | string | CEPSTRAL goooboooboo

0 USE_POWER bool false obooooboooooboboooooboooon
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FBANK : Map<int, ObjectRef>0000 IDOOODOOOODOOOOOODODODODOOOODDOOOOODOO
Vector<float>0O OO OOOOOO

SPECTRUM : Map<int, ObjectRef>0 000 IDODOODOODOOOOOODOOODOOOOO
Vector<complex<float> >0 00000000

OUTPUT : Map<int, ObjectRef>0 0000000 IDOMSLSOOOOOOOOOODOOOOODOOO
Vector<float>0O DO OODOOO0O0OOOOODOOMSLSOODOOODOOOODOOOOOOODOODOOOO
ooooooooooooooboboooooo0oooooooobooooobDOOoDOoODbOO0D 677
gooo

gobooo

FBANK COUNT :int00000000CO000DOCOO00ODOOCO0O0ODOOO0OODOOO0OODOOOOODO
ol1oo000oobooooboboboooboboooobobobooboooooooDobDoboboooboon
gob1i3ob0200000000000000000000 BOOOOOODOOOOOOOOOOO
ob0o0O0o0OobO0bO0bO0bOOobOo0oobo0oO0ooonO FBANK COUNTOOOODOOOOOoOOooOooO
gboobgoobobobobbooboobooboobooboobboobooboobobbob

NORMALIZATION_MODE : string O OCEPSTRAL OO0 SPECTRALOOOO00OOOO0DOOOODO
gooobooooboobooooboobooogn

USEPOWER :true0 00000000000 O00DOOO0O0OOfalsedd00O0OO0OO0DOOOOOODOO
gooboobobobobooboboboboboobobobDobooooo0obO0oo0obDbttruvengD
obooboooobooboooooboboooooboooooboaon

gooood

ooboooboobooboo0ooboobbo0obooooboO0obooOg (MSLS : Mel-Scale Log-Spectrum) O O O
oboooooboobooobooooobooboooobooboooobooobo0ooooobooooboOooon
oood

00000 FBANKOOOOOOOOOODODOOooOOoooooooooboooobooooooobooooooo
goooboooooMSLSOOooooooooo

gboboobobooboobobooobooboooobobooooonon

CEPSTRAL : FBANK 00000000
x = [x(0),x(1),- -, x(P - D))" (6.127)

ooboo0oboOopO0D0O0D0O0O0D0OO0O0DOOODOOOFBANK. COUNTOODOOOOOOOOODOOOO
P+10000000O0O0MSLSO0O00DOOOOOOOOOOOIOO0DOO0O POODOODOOMSLSOO
P+1000000O0O0O0O0DOOOOCOODOOOOOOODOOOO

y = [0),y(),....y(P-1),El" (6.128)
1S = nq(r +0.5) 7q(p +0.5)

) = = Sg - > ogx(r) 6.129

y(p P;O{ @ r§0{og () cos| "= o T2 ) (6.129)
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oooobooooboobooooonod

1.0, (p=0,...,P—1),
L(p) = (6.130)
00, (p=P,...,2P- 1),

00000000Q=220000
SPECTRAL : FBANK 00000
x = [x(0),x(1),- -, x(P - 1)]" (6.131)

gobooobooopOb00D0O00D0OCO0O0O0O0O0DO0COOFBANK. COUNTOODOOOOOOOOOOOOO
p+1000000O0CMSLSOOO0OO0OO0O0O0OOOO0DOOCOOO1IO0DO0O00 POOODOOOOMSLSOO
pPp+100000000D00DOOOODOOOODODOOOO

y = [O0),y(),....y(P-1),El" (6.132)
Wp) = (log(x(p)) — ) — 0.9(log(x(p — 1)) — ), l:f p=1...,P-1 6.133)
log(x(p), if p=0,
1 P-1
Ho= 3 ; log(x(q)), (6.134)

0000000000000 D0O00D0000000o0ooooo
O00O0OOO0OO0OOSPECTRUMOOOOODO
s = [s00),s(1),...,s(N-D]" (6.135)

gbooooboobONOOSPECTRUMUOOOOOO0OO0OO MapOUOOOOOOOOOOMapOOODOO n OO0
obooooOobo pO0b0o0oboobobobooooboN=2BB-1)O000000000O00000

1 N-1

p:quZmﬂ (6.136)

n

good
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Static feature
(P-dimensional vector)

Dynamic feature
(P-dimensional vector)

2P-dimension vector sequence

¥(#-2,0) | ¥(1,0) eee ¥(#-2,0) | ¥(1,0) ¥(£.0) YHL0) | y(f+2,0)
Y2, [ y(FLD XX Y2, | (LD (1D YLD | y(f+2,1)
Y(F2.2) | y(FL2) soe Y(F2.2) | y(F1.2) ¥(2) YIFL2) | y(A+2.2)
y(f-2,P-1) | y(f-1,P-1) eoe |y 2.P-1) | y(FLP-1) | y(£iP-1) | y(f+1,P-1)| y(f+2,P-1)
Y(F2,P) | y(L.P) (X Y(F2,P) | y(-1,P) Y(£.P) Y+LP) | y(f+2,P)
Y2, P+D)| y(-1LP+D)|  eee | y(F2.P+1)| y(FLP+1)| y(f,P+1) | y(f+1,P+1) y(f+2,P+1
YFE2,P+2)| y(1,P+2)|  eee | y(F2.P+2)| y(£1.P+2)| y(£P+2) | y(f+1,P+2) y(F+2,P+2
YE22P-D)| y(£1,2P-1)|  eee  |y(E22P-1)| y(£1,2P-1)| y(£2P-1) |y(F+1,2P-1) y(f+2.2P-1

Y

Time (frame index)

*Shadowed elements are filled with ZERO.

0 6.77: MSLSExtractonO0 OO OO OO0

206



6.4.6 PreEmphasis
oooooo

oboobooobooooboobooooboooboooooboobooobooboooobooooboooooon
gooooooo

goooooo

ooo

good

oboocooMFCCOOODOOOOOOOOOOODODHARKOOOOOOOOOO MSLSOOOOOOOO
oboooooboooooboobooon

(Doooooo |

Synthesize
node_Synthesize_1

INPUT OUTPUT

GHDSS MelFilterBank
node_GHDSS_1 node_MelFilterBank_2

INPUT_FRAMES ouTPUT

INPUT_SOURCES PreEmphasis
node_PreEmphasis_1

INPUT ouTPUT

MultiFFT
node_MultiFFT_2

INPUT OuTPUT

0 6.78: PreEmphasis 0 0 0 O

obooobooooooooon

INPUT : Map<int, ObjectRef>000000000000O00O0O0O0ODOObjectRef OO Vector<float> [ [
0000000000 000D0O0D0O000000Vector<complex<float> >00000000O
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0 6.70: PreEmphasis 0 000000

oooooo O oooooo (oo (oo

LENGTH int 512 [pt] | OOOOOOO FFTOOO
SAMPLING_RATE int 16000 [Hz] | ODO0O0OOO0OOO
PREEMCOEF float 0.97 goooboooobooo
INPUT_TYPE string WAV gooooao

OUTPUT : Map<int, ObjectRef>0000000000000O0O0OOObjectRef 00O OOODOOOONO
O0000D0D0000 Vector<float>OOOOOOOOO0O Vector<complex<float> >0000

gobooo

LENGTH INPUT_TYPEO SPECTRUMODOCOO FFTODOOOOOODOOOOOOOODOOOOOOODO
OOINPUT_TYPED WAVOODOUODOOOOOOOOODODODOOOOOOOOoDOOobDOobOoooOoon
boooboooobooboooobOoboOoFFTOOOO0OOODbO0O0OO0

SAMPLING RATE LENGTHOOOOOOOOOOODOOOOOOOOOO
PREEMCOEF 000 ¢, 00000000000000O00O00O0O0O0O0O00O0O0009700000000000

INPUT.TYPE O0O0OOOO0O0O WAV, SPECTRUMIOOO00OO0O0O0O0O0OOO0OWAVOOOOOOOOOOO
O0O00DOoOoOSPECTRUMOODOOOOOODOOOODOn

oooood

gooooooobooooboobooboobooboogbooooboooboobboooDobooobboooDoo
bobooobooboooboooboobooboooboooooboobooboboooboooboOoboobooboOooon
O0OHARKOOOOOOOOOOOOODOOODOO0OOOoO0oO0oooooobOoooooooooooooooan
gooooooboobooooooobooobooooboobobobooboboooboooooboobooDoon
gooboooooboooooooooooboooboooooobo0obooooooooobooobOoooDo
gboboobOobooobooboboboobooboooooboooo

00000 PreEmphasis00000000D0OO0O0O0ODOOCOOODOOOODOOOODO

ooooobooooono:
obooboob«soboobbooboooboooobooobooobooboboobog spobooobooao
0o prl000000000000 ¢, 00000000000000O00000000

olt] = {s[t]—c,,-s[t— 11 t>0 6137

(1-cp) - s[0] t=0

oooobooooog:
oooooooboooooobooooobooogboooobooobooobboobooboooboooDoo

Oo00o0ooOo0o00ooo0o00ooooOoooObO00oDoO0o00oDOO0O0o040000D000O00fs/2

-100Hz O OOOOOOOOOooOOoOooooOoooboobooooogfsobOobooooobooooonn
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6.4.7 SaveFeatures

oooood

ubobooboboobooboooood

oooooo

ooao

good

O

(DooooooooO

MFCCOMSLSOOOOOOOOOOOOooooooooo

(Doooooo |

oboooboooooboooo

MultiFFT
node_MuItiFFT_1
INPUT QUTPUT

node_MelFilterBank_1 MSLSExtraction Delta
_ = FET e
SPECTRUM

FeatureRemover
node_FeatureRemover_1

INPUT QUTPUT

SaveFeatures
node_SaveFeatures_1
FEATURES el OUTPUT
SOURCES

0 6.79: SaveFeatures 0 0 0 O

0 6.71: SaveFeatures 0 0 OO0 OO0

goooog

O

gooooo |oo | oo

BASENAME

string 000O0OoooOO000gad Prefix

FEATURES : Map<int, ObjectRef>000000000O0O0 Vector<float>00O0OO0O.

SOURCES : Vector<ObjectRef>00000000000D0O0O0OO0ODOOO
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OUTPUT : Map<int, ObjectRef>0 0000

BASENAME : string000000000000O000C0O0O PrefixOOOODOOPrifix 000 SOURCES O
IDOOOO0ODOOO0OOOOOOOO00Od

gooood

oboboooooobooooboooboooboobo0o0oboobOo0Ob IEEETS8O 3200000000
U0b000obO0ooboO0oob0oobOooobooobooond BASENAMEOOOOOOOO0ODO PriixO0O0O ID
ooooobooooo
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6.4.8 SaveHTKFeatures
oooooo

00000000 HTK (The Hidden Markov Model Toolkit) DD 0000000000 OO00ODO

ugbooaooad

goao

good

(DoooooooDO )

MFCCOMSLS OO O0OOOO0ODOOOOO00000000O00OSaveFeatures JO0O0OOHTKOOOOOOO
obooobOoboooobooooog

(Doooooo |

MSLSExtraction
node_ MSLSExtraction_1
FBANK OuUTPUT
SPECTRUM

SaveHTKFeatures
node_SaveHTKFeatures_1

FEATURES el ey OUTPUT

SOURCES

0 6.80: SaveHTKFeatures 0 0 O O

gbooobooooboooon

O 6.72: SaveHTKFeaturesO O OO OO0

gboooog O gooood oo ao

BASENAME string 000000000000 Prefix
HTK_PERIOD int 100000 [I00nsec] | OOODOOO

FEATURE_TYPE | string USER ooooo
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FEATURES : Map<int, ObjectRef>00000

SOURCES : Vector<ObjectRef>0 00000000000 0OOOODOCOOO

OUTPUT : Map<int, ObjectRef>0 0000

goboo

BASENAME : string000000000000O000C0O0O PrefixOOOODOOPrifix 00O SOURCES O
IDOOOO0OO0OoO0obOoOoooooan

HTK PERIOD : 0000000000 OODO [100nsec]00000O0O0O0DOOO0DOO 16000[HzlOODOOO
6000000000000 10[msec] 000 OO 10[ms] = 100000 * 100[nsec] O O 100000 0000 OO
ooooo

FEATURE.TYPE : HTK OO OODOODOODOOOOHTKODODODOOOOODOOMFCC_EDODOODO
OMFCC+OODO)+ OO0 MFCC+OD O O)H)OODOOUOHARKOOOOODOOOODOODODOODOOOO
O000DD0O0O0 HTKbook OO O OODODODO

gooood

obooobooobOHTKOOOOOOoOoooooooooobooboooooaTKOoooooooao
O0OO00OO00O00000 IEEE75S8 0 3200000000000000000O0000O0O0DOOO0OO0OO0
OO0000 BASENAMEO OOOODOOODO Prifix OO0 IDOOODOOOOOOHTKOOOOOODOOOO
oooobooooo
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6.4.9 SpectralMeanNormalization
gooood

obooboooboooobooboooobooboooobooobooobooooooobooobooon
gbobooboooobooobooooboooboooobooboooooooboooboOooooobooooboooon
obooooOobooooobobooonog

ooooooo

oono

oood

(DooooooooO

oobooboooboooobooboobooooobobOoboboobooobooboooboobooboooboooon
obooooobooooobooboon

obooboooboooobooboooobooboobooooobooboobOooooboooaoon
goboboooooboooobooooboooobooobboooboooooboooooboooboooooboboooono
oobOooboooboooboooooobooboooooobooboooobooooboooboooooOooobooooboooboboon

gooooooooobooooobooobobooobooooooobooboooooboooobooboDoOoo
boooboobooboooboobooboooboooooboooboboobooboOobooooooobooon
gboooboobooooboooboobooboooboooooboobooOoobOoobOoooOoboOooon
oboobOoboooboobobooobooboooooboooon

(Doooooo |

MSLSExtraction Delta SpectralMeanNormalization
node_MSLSExtraction_1 node_Delta_1 node_SpectralMeanNormalization_1
FBANK OUTPUT INPUT OUTPUT FBANK OUTPUT
SPECTRUM SOURCES

SpeechRecognitionClient
node_SpeechRecognitionClient_1
SourceSelectorByDirection FEATURES ouTPUT Xeltardhid
node_SourceSelectorByDirection_1 MASKS

SOURCES OUTPUT SOURCES

O 6.81: SpectralMeanNormalization 0 0 0 O
oo0ooooooooogod

FBANK : Map<int, ObjectRef>0000 IDOOOOOOOODO Vector<float>0O00OOOOOO0OO
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0 6.73: SpectralMeanNormalizaton 0 OO0 0 000
oooooo O oooooo (0o | oo

FBANK_COUNT | int 13 obooooobooocooo

SOURCES : Vector<ObjectRef>0 000000000

OUTPUT : Map<int, ObjectRef>0000 IDOOODOOOOODO Vector<float>00O0OO0OOO0O0O0O

gobooo

FBANK_COUNT :int 00000000 O0DOCOO0O0ODOOOOD

gooood

oboobooobooooboobooobooboobooooboooboooboOooooooobooooon
obooboooobooobooooboooboooobooboOooooooobooooooooboooooon
obooobooboooobobooonog

gooooboooooobooooobboobboooooobooogoboobboooooobooobDbooDog
boooboooboooboooboobooboobooobooboobooboooboooOoooobOooobooOoon
obooooboobooboooobooboobobobooobobooboobooboOobooboobon
goobooboooooooooboooooboobobooobooobobooobOoobboobDoboboOoDooo
good

oobooboooooobooooboobobooooOooobooboobooooOooboooboooDooo
UO0O0O0000 1I0[deglO0O000DOOO0OO0OOOOOOOOOOOOOOODO
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6.5 MFMOOOO
6.5.1 DeltaMask
oooooo

uoboobooobooobooooobooboobooboooboooobooboooobooooboooooon
gboboooboooboooooooboobooooobooboobooooobooobOoooOoboooobooon
oooood

ooooooo

goao

oood

(Dooooooooo |

000000O0o0o0o0o0o0Ob0o0o0bO0o00bO0o00bO00o0O000O0O0o0OObOOo0OLODbOOoOoODoOa
OO0O0MFMGenerationO OO QO OOOO

(Doooooo )

MSLSExtraction Delta FeatureRemover
node_MSLSExtraction_1 node_Delta_1 node_FeatureRemover_1
FBANK OUTPUT INPUT OUTPUT INPUT OuUTPUT
SPECTRUM

MFMGeneration DeltaMask DeltaPowerMask
node_MFMGeneration_1 node_DeltaMask_1 node_DeltaPowerMask_1
FBANK

ouTPUT INPUT OUTPUT INPUT ouTPUT
FBANK_SS
FBANK_BN

SpeechRecognitionSMNClient
node_SpeechRecognitionSMNClient_1

SourceSelectorByDirection (o110 OUTPUT
node_SourceSelectorByDirection_1 SKS

SOURCES OUTPUT SOURCES

0 6.82: DeltaMask O O OO0 O000OO

oboooboooooboooo

0 6.74: DeltaMask O O OO0 00O
oooooo O oooooo (og | oo

FBANK_COUNT | int gbooooood
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INPUT : Map<int, ObjectRef>0O000 IDOOOO0OOOOOOOOO Vector<float>0OODODOODODO
ooooboooooobOOl1o0000O0O0OOOOOOODOOOOODO 1 0OODOOOOODOOOO

OUTPUT : Map<int, ObjectRef>0000 IDOOOOOOOOOOOO0O Vector<float>0OOOODOO
odoopoooooooOU lo0ODOoUoOdDO0UOOODODOUODO lOODO0UODOODODODOOO

goboo

FBANK_.COUNT :int 0000000000000 ODOOO0OOO0ODO0OOO

gbooaod

gobobodboooooboboooooboooobooooooboooooobooooboOooooOoboOoooboooooonon
gboboobooooboobooooboooooobooooboon
obooooOo fobOoOo0oOoOoOoboOoOo0oooon

m(f) = [m(f,0),m(f,1),...,m(f,2P - D]" (6.138)

Oo00oooooopOU0O0D0OO0O0O0OOO0DOOOO0DOOOODOOOODOOODODOOOFBANK.COUNT O
obooooooobOoboobooooooobooboboooooo pPOO0O2P-100000000000OO
ooooooooooooooo m(nHoo

[ (f,0),m'(f, 1), ...,m'(f,2P = D]" (6.139)
m(f, p), if p=0,...,P—1,
2

[[m+p. it p=P...2P-1,
T=-2

y'(f)

m'(f, p)

(6.140)

OO0000 6.830 DeltaMask DO OODOOOOODOO
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Input

Time (frame index)

[ mO) | m) [ m@)| oo [ m@E2)] mrD] mp | me1] mie2)] oee |

2P-dimension Vector Seque

Output
m(f-2,0) | m(f~1,0) | m(f,0) m(f+1,0) | m(f+2,0) m’ (£,0)
m(f-2,1) | m(f-1,1) | m(f,1) m(f+1,1) | m(f+2,1) Through m’ (f,1)
m(f-2,2) | m(f~1,2) m(f,2) m(f+1,2) | m(f+2,2) m’ (f,2)

m(f-2,P-1)| m(f-1,P-1)| m(f,P-1) |m(f+1,P-1\m(f+2,P-1 m’ (f,P-1)
m’ (f.P)

m’ (f,P+1)

®— Q> [

m’ (f,2P-1)

0 6.83: DeltaMask DO OO OO OO

217



6.5.2 DeltaPowerMask
oooooo

obooboooooobooobooooobooooboobooooboobooobooooobooooon
gbooobOooboooooboon

goooooo

ooo

good

(Dooooooooo |

OooobO0oooooooboboooDbo0ooDo0oob00b0ObO00oDbO000000000D0000DDeltaMask O
ooooooo

(Doooooo )

MSLSExtraction Delta FeatureRemover
node_MSLSExtraction_1 node_Delta_1 node_FeatureRemover_1
FBANK OUTPUT INPUT OUTPUT INPUT OUTPUT
SPECTRUM

MFMGeneration DeltaMask DeltaPowerMask
node_MFMGeneration_1 node_DeltaMask_1 node_DeltaPowerMask_1

FBANK QuUTPUT INPUT QUTPUT INPUT OUTPUT

FBANK_SS
FBANK_BN

SpeechRecognitionSMNClient
ﬂﬂUE75pEEEhREEDgﬂitiDﬂEMNC"Eﬂtﬁl
SourceSelectorByDirection FEATURES U oUTPUT
node_SourceSelectorByDirection_1 MASKS

SOURCES OUTPUT SOURCES

0 6.84: DeltaPowerMask D O OO0 OO O

gboooboooobooobo

INPUT : Map<int, ObjectRef>0 000 IDOOOOOODOODOODOODNO Vector<float>0OODOODOODO
oooobooooonDb loobDObOOboOoODOODOOOOODOOOD OOO0DOOOOODDOOD

OUTPUT : Map<int, ObjectRef>0000 IDOOOOODOOODOOOO Vector<float>0ODOOODODO
gooobooogoobb roboboboodbooboobobbOOobDOoloboboboobDOobOoOn

gobooo
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gooood

ooobooobooooooboobobooobooooboooboooooboooooboobo0oobboooobooOoooo .0
goooooboooobobooooooooooo +10boooboOoo
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6.5.3 MFMGeneration
ooooono

00000o0oooooooooooo0o00ooooDooO0o0ooOooooooOoODOOO0O0O000 (Missing-
Feature-Mask:- MFM) O OO0 OO O

goooooo

ooo

good

(Dooooooooo |

O000o0oo0o00oo0Oo0ooOoo0oOoOooUoOnodMFMGeneration O OPostFilter 0 GHDSS O
0000000000000 0O0O0000000000OOO PostFiterD GHDSSOOOOOOOOOOOO

(Doooooo )

MSLSExtraction Delta FeatureRemover
node_MSLSExtraction_1 node_Delta_1 node_FeatureRemover_1
FBANK OuUTPUT INPUT OuTPUT INPUT OUuUTPUT
MelFilterBank SPECTRUM
node_MelFilterBank_1
i o MFMGeneration DeltaMask DeltaPowerMask
MelFilterBank node_MFMGeneration_1 node_DeltaMask_1 node_DeltaPowerMask_1
node_MelFilterBank_2 FBANK OUTPUT INPUT OuTPUT INPUT OuUTPUT
INPUT OuUTPUT FBANK_SS

= FBANK_BN
MelFilterBank —
node_MelFilterBank_3
INPUT OUTPUT
SpeechRecognitionSMNClient
nndeispeechRecognitinn5MNCIient71
SourceSelectorByDirection FEATURES [0 3 ouTPUT
node_SourceSelectorByDirection_1 MASKS

SOURCES QUTPUT SOURCES

O 6.85: MFMGeneration O O O O

obooobooooooooon

0 6.75: MFMGeneraton O OO0 O OO0

gooood O goooog (oo (oo

FBANK_COUNT | int 13 goooooobaoo

THRESHOLD float 0.2 oooOloboOCooOOOobOooOo@ODOOO)OO
glo@oono)yoboooobobooooo
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FBANK : Map<int, ObjectRef>0000 IDO PostFiter U0 D 000000000 OOOODOOOODO
O0000000000000 Vector<float>O0OOOO0OOOOO

FBANK_SS : Map<int, ObjectRef>0000 IDO GHDSSOOOOOOOOOOOODOOOOOOCOCCOO
O000D0OO000D0OO0O000 Vector<float>00OOOOOD0O0O0O

FBANK BN : Map<int, ObjectRef>0O 000 IDO BGNEstmator 000000000000 DOOO0ODOO
O000D0O000D0O000DO000 Vector<float>UOOOD0OOOOODO

OUTPUT : Map<int, ObjectRef>0000 IDO OO00ODOOOO0OO0OOOCOOOODOOOOODOOO
0000 Vector<float>0OOOOOOOO0OODOODOODOOD oO@EODODO)ODO 10ODO)
O000000000002*FBANK. COUNTOOOODDDDO FBANK.COUNTODODODOOOOOODO
goobOobooOoOOobOOoOooobOobooobOOobooooobOoooobooboooonog

goboo

FBANK_.COUNT :int00 Q00000000 0OO0OOOODOO

THRESHOLD : float 000000000 OOOODOOOOCDOOOO)OO10ODOOO)DOOOOODO
gbooboooobooooooooooobooooobObOObOObOOobDObOObDOOODOOobOOoDOn
oooboobooogob ooboboobobobobooboboooooobobOoooDOoDbobo

gbooaod

00000000000000000000000000000000000000000000

000 fp) 00000 THRESHOLD 000000000000 00 00(00000)00 1.00000)
000000000000 PostFilter, GHDSS , BGNEstimator 1 0 0000000000000 000000
0000 f(p),b(p),g(p), 000000000000 O0000 0000000000

m(f) = [m(f,0,m(f,1),...,m(f,P- D] (6.141)
1.0, r(p)> THRESHOLD

mifp) = { 0.0, r(p) < THRESHOLD (6.142)

r(p) = min(1.0,(f(p) + L.4 = b(p))/(fg(p) + 1.0)), (6.143)

(6.144)

oooooooOopPO00D0D0ODLOOO0OOOOODOOFBANK. COUNTOOOOOODODODODOOOOO
O0000DDO0O000000 2*FBANK.COUNTUHOOODOODOOOOFBANK. COUNTODODOOOOOODO
oooboobOooboooooobOboOoboOobOobOoOOobOboOoboOobOoOoOoOooboOoegeOOOOO
oooooooono
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Static feature
(P-dimensional vector)

Dynamic feature
(P-dimensional vector)

2P-dimension vector sequence

m(f0,0) m(1,0) oo m(f-2,0) | m(f-1,0) m(f,0) m(f+1,0) | m(f+2,0)
m(f0,1) m(1,1) XX} m(f-2,1) | m(f-1,1) m(f,1) m(f+1,1) | m(f+2,1)
m(0,2) m(1,2) cee m(f-2,2) | m(f-1,2) m(f,2) m(f+1,2) | m(f+2,2)
m(0,P-1) | m(1,P-1) coe m(f-2,P-1)| m(f-1,P-1)| m(f,P-1) [m(f+1,P-1)| m(f+2,P-1
m(0,P) m(1,P) (XX m(f-2,P) | m(f-1,P) m(f,P) m(f+1,P) [ m(f+2,P)
m(0,P+1) | m(1,P+1) eoe [m(f-2,P+1)| m(f~1,P+1) m(f,P+1) |m(f+1,P+1Ym(f+2,P+1
m(0,P+2) | m(1,P+2) eee (m(f-2,P+2)| m(f-1,P+2) m(f,P+2) |m(f+1,P+2)\m(f+2,P+2
m(0,2P-1) | m(1,2P-1) eeoe [m(f-2,2P-1)\m(f~1,2P-1) m(f.2P-1)p(f+1,2P-1yn(f+2,2P-1

»
>

Time (frame index)

*Shadowed elements are filled with ZERO.

0 6.86: MFEMGeneratonO OO0 O0O0O0O0O
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6.6 ASRIFUOOOQO

6.6.1 SpeechRecognitionClient
gooood

boboobobooobooboooobooboooobobooooboobooon

ooooooo

ooao

good

(DooooooooD )

O00000 HARKODOOOOOOoOoOoooooooooooooooooooobooobooooooo
Juwivs W OODODO0DO0DO0D0000000

(boooooo )

MSLSExtraction Delta FeatureRemover
node_MSLSExtraction_1 node_Delta_1 node_FeatureRemover_1

FBANK OuTPUT INPUT OuUTPUT INPUT OuTPUT

SPECTRUM

MFMGeneration DeltaMask DeltaPowerMask
node_MFMGeneration_1 node_DeltaMask_1 node_DeltaPowerMask_1

FBANK QuUTPUT INPUT OUTPUT INPUT
FBANK_SS
FBANK_BN

SpeechRecognitionClient
node_SpeechRecognitionClient_1

SourceSelectorByDirection FEATURES NN ouTPUT
node_SourceSelectorByDirection_1 MASKS

SOURCES OUTPUT SOURCES

O 6.87: SpeechRecognitionClient 0 0 O O

gbooobooooboooon

FEATURES : Map<int, ObjectRef>0 000 IDODOODOOODODOO Vector<float>0O0O OO OOOO0O
MASKS : Map<int, ObjectRef>0 000 IDOOOOODOOODNO Vector<float>0O0O DO OODOOOO

SOURCES : Vector<ObjectRef> [ [
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0 6.76: SpeechRecognitionClient 0 00000 O

googod g goooog (oo (oo

MFM_ENABLED bool true gbooobooobooboobobbobboobooboao
HOST string 127.0.0.1 Julivs/ulian OO O0O00D00O0O00D0OOOO/MPOODODO
PORT int 5530 obooooobooooogon

SOCKET_ENABLED | bool true gbooboooooooogooboboabo

OUTPUT : Vector<ObjectRef> [0 [

gobooo

MFM_ENABLED :bool J0trueJ0 00 MASKSOOOOOOfalseO0OOOO000 MASKSOODODODO
oo01oo0oobo0ooooon

HOST :string0 00000000000 COOO0OO0O IPOOOOODOOSOCKETENABLED [0 false [
oooobooogoo

PORT :int 000000000000 DOCOOOODCOOOO SOCKET-ENABLED O falseOOOOODO
googo

SOCKET_ENABLED :bool U0 true 0000000000000 O00O0DOCOfalsedD0OO0O0OO

gooood

MFM_ENABLED O true 00O SOCKET_ENABLED 000000000000 O0O0O0OO0OO0OOOOOO
gobooobooooooooo0oob0o0obo0o0ob00b0O00O0OMEM_ENABLED O falseODOOOOOOO
boboobooooobooobooooobooboooboobooooboobOooboo10bob0O0obo0ooon
OO0000000D0O000D00O00000000000O00O0OSOCKET-EENABLED O falseOOODOOOO
obooobooobOoobooobooobooobooooboobooboobooobooboooboooooboooboooooon
U000000000 HARKOOOOOoOOOooooooooooooooooooHoSTODODODOoooOooo
OO00D0O000OO0o00DO0OO0HOSTD IPOOOOOOODOOPORTODOOODOOODOOOOODOOO
oboooboooooogn

goog:

(1) http://julius.sourceforge.jp/en_index.php
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6.6.2 SpeechRecognitionSMNClient
gooood

000000000000 0D00000D0000000000D000000DL 0O SpeechRecognitionClientd OO
OO000000OO00000000D (Spectral Mean Normalization: SMN) O OO OO0O00000000000O0O
obooobooobOoboboooobooobOoboooboobOOooboobooooOoOoooOoobooboooooon
gobooboboooooboooooboboooooboboooboboooooboobobooooboooo

ooooooo

goao

oood

(DooooooooO

000000 HARKOOOOOOOoooooooooooooooooooooboooooooooooo
Juwivs W ODODD0DO0D0D0000000

(Doooooo |

MSLSExtraction Delta FeatureRemover
node_MSLSExtraction_1 node_Delta_1 node_FeatureRemover_1

OUTPUT INPUT QUTPUT

INPUT QUTPUT

FBANK

SPECTRUM

MFMGeneration DeltaMask DeltaPowerMask
node_MFMGeneration_1 node_DeltaMask_1 node_DeltaPowerMask_1
FBANK OUTPUT INPUT OuTPUT INPUT OUTPUT

FBANK_SS
FBANK_BN

SpeechRecognitionSMNClient
node_SpeechRecognitionSMNClient_1
FEATURES LU ouTPUT

MASKS
SOURCES

SourceSelectorByDirection
node_SourceSelectorByDirection_1

SOURCES OUTPUT

O 6.88: SpeechRecognitionSMNClient 0 0 O O

oboooboooooooon

FEATURES : Map<int, ObjectRef>0000 IDODOOODOOODOO Vector<float>O0DOOOOOOOO
MASKS : Map<int, ObjectRef>0000 IDOOOOOOODODO Vector<float>0O00OOOOOOOO

SOURCES : Vector<ObjectRef> 10
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0 6.77: SpeechRecognitionSMNClient 0 00000 O

googod g goooog (oo (oo

MFM_ENABLED bool true gbooobooobooboobobbobboobooboao
HOST string 127.0.0.1 Julivs/ulian OO O0O00D00O0O00D0OOOO/MPOODODO
PORT int 5530 obooooobooooogon

SOCKET_ENABLED | bool true gbooboooooooogooboboabo

OUTPUT : Vector<ObjectRef> [0 [

gobooo

MFM_ENABLED :bool J0trueJ0 00 MASKSOOOOOOfalseO0OOOO000 MASKSOODODODO
oo01oo0oobo0ooooon

HOST :string0 00000000000 COOO0OO0O IPOOOOODOOSOCKETENABLED [0 false [
oooobooogoo

PORT : int 00000000000 OO0OOCODOODOOODOODOQO SOCKET-ENABLED O falseOOOODO

googog

SOCKET_ENABLED :bool U0 true 0000000000000 O00O0DOCOfalsedD0OO0O0OO

gooood

MFM_ENABLED O true 00O SOCKET_ENABLED 000000000000 O0O0O0OO0OO0OOOOOO
gobooobooooooooo0oob0o0obo0o0ob00b0O00O0OMEM_ENABLED O falseODOOOOOOO
boboobooooobooobooooobooboooboobooooboobOooboo10bob0O0obo0ooon
OO0000000D0O000D00O00000000000O00O0OSOCKET-EENABLED O falseOOODOOOO
obooobooobOoobooobooobooobooooboobooboobooobooboooboooooboooboooooon
U000000000 HARKOOOOOoOOOooooooooooooooooooHoSTODODODOoooOooo
OO00D0O000OO0o00DO0OO0HOSTD IPOOOOOOODOOPORTODOOODOOODOOOOODOOO
oboooboooooogn

goog:

(1) http://julius.sourceforge.jp/en_index.php
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6.7 MISCOOOO

6.7.1 ChannelSelector
oooooo

uoboooboooboooboooobooboooobooobooooboobooboooboOoooobooobooon
gooooo

goooooo

ooo

good

(Dooooooooo |

obooboooboobooooboobooooboooOooooboobooooobooobooooon
gboboobOobooooobooooooboooooboboooboOobobobooboOoboOoooooDo

(Coooooo )

ChannelSelector
AudioStreamFromMic node_ChannelSelector_1 SaveRawPCM
node_SaveRawPCM_1

node_AudioStreamFPFromMic_1 INPUT OUTPUT
AUDIO INPUT sl OUTPUT

L sapn=sl e CONDITION

O 6.89: ChannelSelector DO OO0 O0O0O0O0

0680000000000 0000OODOODOO0OOOOODOOOODOOOO0OOO0OOO0OOOOO0OOn
0000000000000 000000000 AudioStreamFromMic O AudioStreamFromWave O MultiFFT O
000000 SaveRawPCM O MultiFFTOOOODOO

gbooobooooboooon

INPUT : Matrix<float>[ 0O 0O O Matrix<complex<float> >0 0000000000000 00O0OODOO
ooooooooo
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OUTPUT : Matrix<float> [0 00O Matrix<complex<float> >0 00000000000 O0OOOODOO
ooooooooog

0 6.78: ChannelSelector D D OO OO
gooooo a goooaoo oo | 00

SELECTOR Object | Vector< int > gbooboooboooooboo

SELECTOR : 0 D O0O00OO00OO0O0oOoOooOOoooooobooooboboooooboooooobobooooo
goooogoon

O:50000 04000 20304000000000000 () 000D0OD0ODO300000D400
oooobobooooo @oooooboooon

(1) <Vector<int> 2 3 4>

(2) <Vector<int> 2 4 3>

gbooaod

UobONxMOODO (Matrix)O0OOOO0OOODOOOOOCOOOOOOOOOOOOOOOOOOOOOO
ocooooooNMxMOOOOODOOOODOOOODONDODOODODOODOONDOOODODOOO
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6.7.2 CombineSource

oooood

LocalizeMUSIC O ConstantLocalizatonD D OO0 0000000000000 O00O0O0OOOOOOOOOO
good

goooooo

ooo

good

(Dooooooooo)

Oo0o0O0O0O0O0O0O0O GHDSSOOOOoOoOoOoOoOOoOOOOOOOOOOOOOODOODODOODOOO
e LocalizeMUSICOOOOODOOOO

e ConstantLocalization O LocalizeMUSICO OO OO0OO0OO0OO0OOOO

(Doooooo)

O O O ConstantLocalization O LoadSourcelLocation O LocalizeMUSIC O D 00D OO0 ODODOOODOOOOO
0O O GHDSS O SpeechRecognitionClient 0 O 0000000000 DOOOOODOOOOODOOOO0OD
0 6.90 O O LocalizeMUSIC O ConstantLocalization0 OO0 O OO O0O0O0O0O00O0

LocalizeMUSIC
node_LocalizeMUSIC_1 SourceTracker
INPUT ouTPUT node_SourceTracker_1 . " - .
_ = = CombineSource DisplayLocalization
LLinrEes INPUT OUTPUT I i Izatl
node_CombineSource 1 node_DisplayLocalization_1
" " SOURCE1 SRCOUT SOURCES OUTPUT
ConstantLocalization _ _
. . SOURCE2
node_ConstantLocalization_1

SOURCES

0 6.90: CombineSource 01 0 00

obooobooooooooon

SOURCESI : Vector<ObjectRef> 0000000000 DOOOOODOOODOObjectRef D OODODOOOO
Source0OO0OOOOOO

229



SOURCES?2 : Vector<ObjectRef> 0000000000 DOOO0OO0OOOOOObjectRef D OODODOOOO
Source O O0OOOOOO

SRCOUT : Vector<ObjectRef>0000000000000000O00O0OObjectRef00 00000 OSource O
oooooooo

goooo

oo
gooood

oboboobobooboooooooooboobooboboboboboboobobOOobooOIIbOOoOooOon
ooo
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6.7.3 Datal.ogger

oooood

uboboobooboooboobooobooobooboooooboooobooboboooboOobooooDbo

ooooooo

ooao

good

(DooooooooO

gboboobdobooobooboobooobooboooooboooobooooooboooo

(Doooooo |

ubboobdboooboobooboobodobooooobooooboooooobooooboboo

MSLSExtraction
node_MSLSExtraction_1

FEANK
SPECTRUM

OuUTPUT

Datalogger
node_Datalogger

obooobooooooooon

O 6.79: ModuleName O O OO0 0O O

0 6.91: DataLogger 0 0 O O

INPUT ouTP

SpectralMeanNor

node_SpectralMeanNo

goooogd

O

gooood

oo

oo

LABEL

string

gbooooboobooooooo
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INPUT any 000000000 0OOOOOMap<int, float>[Map<int, int>[ 00 Map<int, ObjectRef>T[]
00O OMap<int, ObjectRef>[] ObjectRef [ [ Vector<float>[ O[O Vector<complex<float> >[I
ooooooooooo

OUTPUT : 00ODOOOO

gobooo

LABEL : 000 Datalogger 0O OD0O00OO DataLogger 00O 0OOOOOODOODOODOODOO
oboooooboooooooobooon

gooood

uboobdabooboboobobooboboboaobuooboobooobobooboboobobobo
O00000 HARKOOODODODOODOO IDO ODO0oO0DO MapOO0O0O0O0OO0OODODODOOOOOOOO
oood
oo ooooboooobo11oroo?202...
oooobO1oobo0booobooboob1obobo0obooooooobooboooooobooooooboobooon
Uoo0boobobod MapODOODOODOOODOOODOODOODOODOODO Vectord oo
ubobooboobooboobobooood
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6.7.4 HarkParamsDynReconf
gooood

LocalizeMUSIC , SourceTracker HRLEO OO OO OOOOOOOOOOOOOOOOOOOOOOOOOO
0000000000000 b0o0bOOo0obOOo0oobOOoooOooO

goooooo

ooo

good

(Dooooooooo)

LocalizeMUSIC , SourceTracker HRLEO OO OO0 O0OOOO0O0O0O0O0O0O000O0O0O0OOOOOOOOO

(Doooooo)

0e692000000000O0DDOO

LocalizeMUSIC
node_LocalizeMUSIC_1

INPUT COuUTPUT

HarkParamsDynReconf et SourceTracker
node_HarkParamsDynReconf 1 HEREORES: node_SourceTracker 1

LocalizeMUSIC INPUT COuUTPUT

SourceTracker PARAMS

HRLE
HRLE
node_HRLE 1

INPUT_SPEC NOISE_SPEC
PARAMS

0 6.92: HarkParamsDynReconf 0 0 0 O

0 6.92 0 LocalizeMUSIC , SourceTracker HRLEO OO OOOODOOOOOOO PARAMSOOOOODOO
0000000000000 b00ooog 6930000

uboobooooboooobgan
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LocalizeMUSIC
ﬁDdE_LDCElIZEM UsicC_4
. node_LocalizeMUSIC_4

u/:' Propertv INPUT OUTPUT
norsecu LocalizeMUSIC
Delete Add Input x "
=] node_LocalizeMUSIC_4
Name
PARAMS INPUT OUTPUT
< Add Cutput NOISECM
Help | Add ‘ Cancel Sl

Step : JOOOOO0O000O0OAddStep 22 Name DO O O0000O Step3: 0000 PARAMSODO OO
Input0OO00O0O0 PARAMSOOOO0OAAOODOOO ODOOOOD

0693:00000000 :PARAMSODOODOOODO

ooo

LocalizeMUSIC : Vector<ObjectRef> [0 OlLocalizeMUSIC O OO 0D OO OO OO OLocalizegMUSIC O PARAMS
gooooooooo

SourceTracker : Vector<ObjectRef> [0 OSourceTracker 0 00 00O 0O 0O 0O OO O OSourceTracker 0 PARAMS
oooooooogoo

HRLE : Vector<ObjectRef>OOHRLEOOOOOODOOOOODOHRLED PARAMSODOOOOODOOO

0 6.80: HarkParamsDynReconf D O OO O OO

gooooo O goooog |oo | oo
PORT int gbooooooboooon
ENABLE_DEBUG | bool false obOo0000 ON/OFF

PORT :intO0000000000D0O0OOOO0ODOOOO

ENABLE DEBUG :bool 000000000 ONOFFOOODODODO

gooood

0000000000000 0000O00000DO00DOOO00D0DOO LocalizeMUSIC , SourceTracker ,

HRLEOOOOODOOOOOOOOOODOOOOODOOoOoooooooog
O00000 fleatODODODO 1200000000uff[12]000000000D000COO00O0O0DODOOOO0OO

gboobOobooooboooobooboooooboobooboobobooonog
buff[12] 0000000000000 0O00O000O00O000O00000
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¢ NUM_SOURCE (LocalizeMUSIC ) : (int)buff[0]

e MIN_DEG (LocalizeMUSIC ) : (int)buft[1]

e MAX DEG (LocalizeMUSIC ) : (int)buff[2]

e LOWER_BOUND_FREQUENCY (LocalizeMUSIC ) : (int)buff[3]
o UPPER_BOUND_FREQUENCY (LocalizeMUSIC ) : (int)buff[4]
e THRESH (SourceTracker ) : (float)buff[5]

e PAUSE_LENGTH (SourceTracker ) : (float)buff[6]

e MIN_SRC_NTERVAL (SourceTracker ) : (float)buff]7]

e MIN_TFINDEX_INTERVAL (SourceTracker ) : (float)buff[8]

e COMPARE_MODE (SourceTracker ) : (Source::CompareMode)buff[9]
e LX (HRLE ) : (float)buff[10]

e TIME_CONSTANT (HRLE ) : (int)buff[11]

uboobobooobobooobooboobooooobooonoo
obooobooooboobooooboog (python)O

#!/usr/bin/python
import socket
import struct

HOST = ’localhost’ # The remote host
PORT = 9999 # The same port as used by the server

sock = socket.socket(socket.AF_INET, socket.SOCK_STREAM)

sock.connect ((HOST, PORT))

buff = [2.0, -180.0, 180.0, 500.0, 2800.0, 30.0, 800.0, 20.0, 6.0, 0.0, 0.85, 16000.0]
msg = struct.pack("f"*len(buff), *buff)

sock.send(msg)

sock.close()
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6.7.5 MatrixToMap
gooood

Matrix<float> O O O Matrix<complex<float> >0 00000 Map<int, ObjectRef>000000O0O

goooooo

ugoo

good

(booooooooo )

000 Map<int, ObjectRef>000000000000O0OODO PreEmphasis O MelFilterBank O SaveR-
awPCMOOOO0ODOODOOODOOOOOO

(Doooooo |

MatrixToMap O O OO OO0 OO0 69406950000

0 6.94 O 0OAudioStreamFromMic OO O D000 O0O0O0OOOOOOOOOOOOOOODOChannelSelec-
tor00 000000000000 O0OOMatrixToMap OOODOOODO Matrix<float>0O 0O O OO Map<int,
ObjectRef>0 00000000000 SaveRawPCM OO OO DOOOOODOODOOOODOOOOOOO

069500000000000 Map<int, ObjectRef>00000000 MatrixToMap O OO OOOQOO
00000000 0OMUliFFTOODODOODOOOMatrixToMapOOOOOOOOOO

AudioStreamFromMic
node_AudioStreamFromMic_1

AUDIO
NOT_EOF

ChannelSelector MatrixToMap
node_ChannelSelector_1 node_MatrixToMap_1

INPUT OUTPUT INPUT OuUTPUT

SaveRawPCM
node_SaveRawPCM_1

INPUT OuUTPUT

0 6.94: MatrixToMap 0 0 0 O — SaveRawPCM O O 0O O

AudioStreamFromWave MultiFFT MatrixToMap MelFilterBank
node_AudioStreamFromWave_1 node_MultiFFT_1 node_MatrixToMap_1 node_MelFilterBank_1

AUDIO INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT

MatrixToMap MultiFFT MelFilterBank
node_MatrixToMap_ 2 node MultiFFT 2 node MelFilterBank_2

ouTPUT INPUT ouTPUT INPUT ouTPUT

NOT_EOF

0 6.95: MatrixToMap O OO0 0O —MultiFFTO OO O
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obooobooooboooon

INPUT : Matrix<float> 0 OO Matrix<complex<float> > [ [

OUTPUT : Map<int, ObjectRef>00000000 IDOOOODOOOODO

gobooo

ooao
gooood

IDOOOO: IDODOOOOOoOOOOO
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6.7.6 MultiDownSampler
gooooad

uooboooobooooobooooooboobooboboooooooobooooooooooboooooOooon
goooo

googood

ooo

good

[DDDDDDDDDD]DDDDDDDDDDDDDDD lekHzOOOOOOOOOOOHARKOODO

OO00D00O0000000000 16kHzODOOOOOOOOODOOO0ODOOO 48kHzO0D00000000O
Oo00oo0ooO0o000oDOoO0o0ooooOo0ooo0oOooDoOoD 1ekHzOOOOODOOOOD

OO0 10DADVANCE 000O0O: O00D0DOO0OO0ODOOOO0ODOO0ODOOD D AudioStreamFromMic O Au-
dioStreamFromWave 0 00000000000 OCOOCOCOO0DOOOOOOUOOLENGTH O ADVANCE OO :
OVERLAP = LENGTH - ADVANCEO OO OOO0O0OO0O0OO0OO0O00O0OOO0O0O0O00O0O00O000000000o0:0
ooboooobOnNOOOO0ODOOO0OOO0bOOO0ObO0ooobOooboooboboobboooooboOoonD 12000
O00O0O0O0O0OO0OOD0OOADVANCED LENGTHO 400 100000000000 O0ODO0O0ODOOODOOOO
O200000000000D

OO0 2Z7ADVANCEO OOOO: 000000 ADVANCEQOOOOOOOOGHDSSOOOOO OO ADVANCE
00 SAMPLING_RATE_IN/SAMPLING RATEOUTOOOOOOOO0OO0OOOO0OCOOOOOOOOOOOO
oboobOoboOoo00o0oo0ob0ob0ooob0obDob0o0o00on0ono ADVANCE= 1600 0000000000
O SAMPLING_RATE_IN/SAMPLING RATEOUT=3000000000000000000 ADVANCE O
4000 0oonooooonodg

OO0 300000000 LENGTHOOOODO: OO0DO0QO0O0O0OAudioStreamFromMic D000 OO0
LENGTHOOOOODOOOOGHDSSOOODOODOO SAMPLING_RATE_IN/SAMPLING_ RATE.OUT OO O
000000000 00000D0OOSAMPLING_RATE_IN / SAMPLING.RATE.OUT =3 00 0GHDSS O
LENGTH = 5120 ADVANCE =160 0 0 000 0O 0 0O 0 O O AudioStreamFromMic O 0 LENGTH = 15360 AD-
VANCE=4300 00000000000

{DDDDDDD ]DDDDDDDDDDDDDDDDDDDDDDDDDDDDWaveDDDDDDDDD

OOOOOCCOOOODODDOOOORawOODODODOOOOOOOOWaveD OO OOOO Constant O InputStream O
AudioStreamFromMic OO0 0000000000 DOOOOOMultiDownSampler 0000000000000
OOoO0OO0O0SaeRawPCMOOOOOOOOOOO

gboooboooboobon

INPUT : Matrix<float>0.00000000000D00O0O0DOOOOOOO
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Constant InputStream LOOPO
node_Constant_1 node_InputStream_1 node_LOOPO_1

VALUE INPUT OUTPUT INPUT el OUTPUT

0 6.96: MultiDownSampler D0 O O: Main OO OO O0O

. MultiDownSampler
AudioStreamFromWave node_MultiDownSampler_1
node_AudioStreamFromWave_1 SaveRawPCM
LT B node_SaveRawPCM_1
INPUT iy ae OUTPUT

INPUT AUDIO
LN =/ 28 CONDITION

0 6.97: MultiDownSampler [0 0 0 O : Iteration(LOOPO) D O O 0 0O O

OUTPUT : Matrix<float>0O 0O 000000000000 O000O0OO00OOOOODOOOOODOOD

0 6.81: MultiDownSampler 000000 O

gooooo O gbooog (oo | oo

ADVANCE int 480 [pt] | INPUTOOOOOOOOOOOOOOODOOOOO
ooooboooobooboooboobooooDo
uooobooboooboooao

SAMPLING_RATE_IN int 48000 [Hz] | INPUTOOOOOODOOOOODOO

SAMPLING_RATE_OUT | int 16000 [Hz] | oUTPUTOOOOOOOOODOOOO

Wp float 0.28 [] | 0000000000 OOINPUTOOOO0OOO
oooooDo-101000000

Ws float 0.34 [2] | 000000000 OOOINPUTOOOOOOO
googooi[o-t1o000000On

As float 50 [dB] | DO0O0OODOODOO

JU0000 |000000000000000000000000000000000000000000

6O 0ODOOO0O00ODODOOUO0DODOOO00ODOOO00OOO0OO0LODOOOOODOD

ADVANCE :int004800000000000000000O0OO0OO0O00ODODO0OOOOOO0OOODOOO
gobooboooboboooboboOoINPUTOODODODOODODODOOODOOOOO0ODO0O0ODOO: OUTPUT O
00000000000 SAMPLING_RATE_IN/SAMPLING RATEOUTODUOOODOOOOO0OOOOO

SAMPLING_RATEIN : int 004800000 0000000000000 00O0DOOOOODOOOO

SAMPLING_RATE_OUT :int0 016000 0 0000000000000 OCO00OOOO0OODOOOOOOO
OOSAMPLINGRATEINOOOOOOOOOOOOOOOOOOOODOOOOO
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Wp :float00O000ODOODO 02800 000000000000000 INPUTOOOOOOOODOOO
[0.0-10]00000000000000OCOO0O0OOO00D0O0 48000 [Hz]ODO0280 0000000
000 48000028 =13440[Hz] O D OOOOODOOOOOODOOOOODOODOOOO

Ws : float JO0OO000000 03400000000000000000INPUTODOOO0OOOOODOO
[0.0-10]000000000000000O0O0O00O000D00 48000 [Hz]ODO03400000000
000 48000%0.34=16320[HzZ] DO O0OO0OO0O0OO0O0OOOOO0OO0O0OOOOOO

As : float 0000 OO0OOOSO0O000DOCOOO0O dBjOODOOOOOOODOOOOODODOOOO
ooooboooobobobooobOobooOoD -sodBIOOODO

Uoo0OwpOWsOAsOOOOOOOOOoOoOooOwpOWsOOOOOO wsOOOOOOOOoOoOooQonoOo
ubogboboboobogboboobobooboboooboobobooboboobooboaboa
gooobooooboooo

Ideal cut-off frequency
10 T T T TT T

0 .
_‘]0 - \ -
-20 + i
-30 - Wp Ws 4
D -40 (passband edge) (stopband edge) -
-50 AS .
60 L (minimum stopband attenuation) |
i MWNW\/\NVWNV\N\
-80 N
90, 01 ) 03 05 0.8
Normalized frequency (w/2 1)
0698:00000000000000:00000000 [w/27]000 O0OO [dB]
goooon

MultiDownSampler 0000000000 OCO0OQOOOOO0O0ODOOOOOOOODOOOODOOODOO
goooooooooobooooooboooobbooooo nhoooooo2booooooobobooooo
FIROOOOOOOODODOODOOOODDOOSAMPLING_RATE.OUT/SAMPLING RATE.INOODOOOOOO
ooood

FIROOOO: 000000000 kwDDO0000000000000000000000
N
Sout(®) = " h(m)sin (t = n) (6.145)
i=0

OD00Osoun0O00000s;, (0000000000
boboobooobooooboobooboooobooboOoooobooboOooboooboobooooooo
obooooOoboooboo Mmoo oboOoooon
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gbooobOd. 000000 o, 0bO0ob0OO0O0OOO0bOO0O0O0OO0DbOO0OOO00ObO0ObO0O0On

7 13 < C
Hi(e™) = ! ‘f) (6.146)
0, otherwise
oo0o0O00000o0oo
hi(n) = ¢ (S’”(“’”)), —o<n< oo (6.147)
T wn

OO00000000000000000D00000D00OD0O0O0OBIBO: bounded input bounded outputt O O O
ubooaooad
gboooboobo0 FrrROOODO0OOOD0OOODOOODOO0ODOO0bO0obOOoonon

hi(n), <X
h(n) = ). I 2. (6.148)
0, otherwise

ooonNOOOOOO0OO0OO0OO0O0bOO0OO0O0bOOO0O0OO0O0O0oO0bO00obO0ooobOOoobOoOoobooobooboOoon
gboooboobooboobobobooooboo AsObo21dBO000O00O0ODO0ODOODOODOOOODOO

oboooboooboooobooboobooboob: oboooboobooobooooobooboooboooo
oboocoboo m(mOOOOvn)OOOODOODOOOOOOOOOOOO0OO000O0

h(n) = hi(n)v(n) (6.149)

gboooboobooboobooboobobbobbobooboobooboobooboon

10([3 N —(11N/2)2) N N
viy={ — hm = "2Sns3 (6.150)
0, otherwise

oooop0O000000000D0DO0O00LO 0OOO0O0O0oDOOOoOooooo0ogo

s k
@) =1+ ((O'SX) ) (6.151)

!
= k!

googoooo
ooboopgobObOOoOoOOoO0oO0obOOoOobOOoobooOoooOo0oobOoobobooOooobOOoobOOoobooOoOoOooDog

0.1102(As — 8.7) As > 50,
B =1 0,5842(As — 21)°* + 0.07886(As — 21) 21 < As < 50, (6.152)
0 As <21

0000000000000 00 w. 0000000000 DOO0ODOO0OOOOOOOODOOOOOOOOn
0000 NODOODOODOODOO AsOOO00O Af=Ws—-Wp)/RryOOo oo
NAS—7.95

N 1
1436Af (6.153)

oo0oooOob0oo0ooDol w.O05Wp+Ws)yOOOoOoono

oooooDboo0d:. DobOoo0oooDOoOOO0o00oo0oboDboOobo0oo0oooObOO0O00 SAMPLING_RATE-IN
/ SAMPLING RATEOUT D0 0000000000000 O0O0O0DOO0OO0OO0O00OObOOoOO0bOOoOooboD0OO
48000/16000 =3 0000000000000 300 1000000000000 O0O000O000OAO
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googd:

(1) O: P Vaidyanathan, 0 : 00 O0O,00 O0,00 00,00 00:“00000000000000O00
oo»,0o0ooog,2001.
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6.7.7 MultiFFT
oooood

0000000000000 0O0DOO000000O0O000 (Fast Fourier Transformation: FFT) OO0 OO

goooooo

ooo

oood

(DooooooooO

ooooboooboooboooboooobooobooooooocoboooobooobooboooboooon
gboooobooboooboobobooboooboobooooobooboooboobobooboonDo

(Doooooo |

0 6.99 00 MultiFFT OO OO Matrix<float> [0 Map<int, ObjectRef>0 000000000000

0699000000 AudioStreamFromWave 00 000 Matrix<float>0 0000000000 O0OOO
OOMultiFFT OO0 00O Matrix<complex<float> >0 00000000000 DOODOODOLocalizegMUSIC OO
oooooooo

AudioStreamFromWave ChannelSelector
node_AudioStreamFromWave_1 node_ChannelSelector_1
INPUT AUDIO INPUT OUTPUT

({s) =38 CONDITION

INP

LocalizeMUSIC
- node_LocalizeMUSIC_1
MultiFFT
node_MultiFFT_1 INPUT LV OUTPUT

NOISECM
INPUT OuUTPUT

0 6.99: MultiFFT 0 0 O O

uboooboooobooon

INPUT : 00 Matrix<float> 0 OO Map<int, ObjectRef> 000000000 0O00ODOODOOOMap<int,
ObjectRef>0 0O OO Vector<float>0O O OO0OOO0OO MxLOOOOMOOOOODOOLDOOO
0000000000 LO0000D000 LENGTHOODOODOOOOOOoO

243



0 6.82: MutiFFTO OODOOOO

googod g gooogog (oo (oo
LENGTH int 512 [pt] | OO0OODOO0ODO0ODOOODOODO
WINDOW string CONJ gobo0oooboboooobO0ooooDbCoONOHAM-

MINGORECTANGLEO O OOOOOOOOOOOO0O0O
gbooobooaobooaboon
WINDOW_LENGTH int 512 [pt] | OO0OODOOO0ODOOO0ODOOOOODOOO

OUTPUT : 00 Matrix<complex<float> > 00O Map<int, ObjectRef>00000000O00O0OOONO
00000000000 Matrix<float>0O O OO OOOO Matrix<complex<float> >00000000
Map<int, ObjectRef>0 0000000 Map<int, ObjectRef>0O 0O OONO OO Vector<complex<float>
>O00000000000000 MxLOOODODOODODOODODODOOMXL/2+10000

gobooo

LENGTH : 00 int 00000000 5S12000000000000000000O00O0O00O0O0DOOCO0ODAO
000002000 0000000000WINDOW LENGTHOOODOOOOOOODOOOOO

WINDOW : 00 string0 00000000 CONJOCONJO HAMMINGO RECTANGLEO OO OOO0ODDO
gobooooobooobooobooboooooboooboobooHsAMMINGOOODOOODOOOO

WINDOW_LENGTH : 00 int 00000000 S120000000000000000D00DO0O00OO0OOO
gbobooobooooboboboooooooboobobobooooooooboobobobooboooooon
obooobOobooooobooooon

gooood

LENGTHO WINDOW_ LENGTHOOO: O000OO0O0O0000020~40ms]O000D00CC0OOOODOO
obooobOob0ooboobobooonDobon f(HzIDOODDOODOO xms] 0000000000 Lpt]ODO

fox
1000

goooooo

OO0oO0oOoOo0oobOobooo lekHzZ]OOOOOOOODOOO S12[pt] 0032 ms]O00000O0O00O00OO0O

O LENGTHODOOUOOODOOOoOOooOooDo200000b000b0goooosizoogo
O0000oooooooooooooobDDoODoOO0OODbO000000D WINDOW_LENGTH O 0400 [pt] (O

OO00000000 16[kHzZ]OOOO25ms]000)0000000000OO

oboobgobD: 0000wk OO0OOO0OO0O0O0AkO0DOO0DOD0O0O0O0D0O0O0O0LOOO0O0O0O0O0OFFTOO

NFFTOOUOKO 0<k<LOUODUOODUOOFFTOUOOOOODUODUODUODOUODONFFT <k<LOOOOO
gooooooboobooooon
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CONJOOODO:

0.5-0.5cos (%C), if0 <k <L/4
\/1 —{05-0.5c0s (X%C))2,  ifL/4 <k <2L/4
w(k) = \/1 —{05-05cos (%2LC)2, if2L/4 <k <3L/4
0.5 - 0.5cos (£%C), if3L/4 <k<L
0, ifNFFT <k <L

ooooc=1997900000

o
o

o
o)

amplitude
decibels

o
=

L-1 -0. 0
samples relative frequency
0e6.100: 0000OOOO O6101:0000000DOOO00O0

Oe6l100006101000000000O0000O0O0O0O0OOOOODODOOOD 6101000000000
ocooooooooooooboooooobooboooooboboboooooooooooooobbOoOo oo
gboooboooboooobooboooooboooboobooboobooboooobooboooooon
obooooobooooboboboobooboooooboooo

HAMMINGO OO O0OO:

0.54 — 0.46 cos Z if 0<k<L,

wk) = L=
0, if L<k<NFFT

O000~00000000
O 6.10206.10200000000000000000DO0O0O0OODOOOO
RECTANGLECO OOO:

wk) =

1, if 0<k<L
0, if L<k<NFFT

O 6.10406.104000000000000000000000O00O0O0OO
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1
0.8
é’ 0.6t ﬁ
s g
% 0. o
0.2
L-1 0
samples relative frequency
06.102:000000O00O00O0O0O 06103 000000O0O0DOOOO0O
0
-2
3 ” -40
2 8
= 5 6
£ S
-8
-100
1285 0 0.5
samples relative frequency
0610400000000 Oe6.105:00000000O00O000O3
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6.7.8 MultiGain
ooooono

gbooobooboooooaoo

ooooooo

ooao

good

(DooooooooO

oo0oboooooboo0ooooboooboooOobooobObooooObo0ooOooooDboOoooDobOO 24it]00O0
O0o0oooooDooooooooooleby00ooooooO0O0O0O0oooooDOOoO0o0ooobo0oOog
Ooooogmit]00000D0O0O00ooo0ooooooooono

(Doooooo |

AudioStreamFromMic O AudioStreamFromWave 0 0000000000 OChannelSelectorD OO OOOO
oooooooog

ChannelSelector
node_AudioStreamFromMic_1 node_ChannelSelector_1
AUDIO INPUT OUTPUT
(s li=e/28) CONDITION

MultiGain MultiFFT
node_MultiGain_1 node_MultiFFT_1

INPUT OUTPUT

O 6.106: MultiGain 0 0 O O

obooobooooooooon
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0 6.83: MultiGain O OO0 0000
gooooo O gooooo OO0 Oogd

GAIN float 1.0 ogooo

INPUT : Matrix<float>UO 000000000000 O0OCOOOOOOOODOO

OUTPUT : Matrix<float>0 0000000000000 O00O0O0O0O00DOOOOODOOOODOO

goooo

GAIN : float OO OOO0ODOOOOO010000DO0COO0DOCOOOODOOOODOO

gooood

oobooboboooo cGAINODDOOOOOoOOoooDoooooooooooooooooboooooooo
gboooboooooboobooog
gboog40dBO0O0O0OOOODOOOOODOOOOCOOODOOOOODOOoO0IODbOOOOnOOn

201log x —40 (6.154)

0.01 (6.155)

X
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6.7.9 PowerCalcForMap
gooooo

Map<int, ObjectRef>00 IDODO0DOO0O0O0OOO0O0O0DODOOOOOOOOOOOOOODODOODOO
gooood

goooooo

ooo

good

(booooooooo )

OO0O00DOo00O00DOO000O000000b000000000000000D00DO0 Map<int, ObjectRef>[
OO00000000D0O0C0O0ODDOD Matrix<complex<float> >0 00O O 0O PowerCalcForMatrix O 0 O O O
ooo

(Doooooo |

O 6.1070 PowerCalcForMap OO OO0 OO0DOOOOMultiFFTOOOOOOOOO Map<int, ObjectRef>[
O00000000OMap<int, ObjectRef>00000000000000000OOMelFilterBank 00000
gooooo

AudioStreamFromWave MatrixToMap MultiFFT
node_AudioStreamFromWave_1 node_MatrixToMap_1 node_MultiFFT_1
INPUT AUDIO INPUT OUTPUT INPUT OuUTPUT

NOT_EOF

PowerCalcForMap
node_PowerCalcForMap_1

INPUT OUTPUT

MelFilterBank
node_MelFilterBank_1

INPUT OuUTPUT

O 6.107: PowerCalcForMap O O O O

uboooboooobooon

0 6.84: PowerCalcForMap 0 OO0 OO0 DO
oooooo O 0oo0ooo (oo |oOo

POWER._TYPE | string POW oooobooogao
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INPUT : Map<int, ObjectRef> [ OObjectRef OO O OMatrix<complex<float> >000000000O0O
ooooo

OUTPUT : Map<int, ObjectRef>[[OObjectRef 0000000000000 DDOOOOOODOODOOO
goooboooooobooboocooboooboo

goboo

POWER.TYPE : 000000 OO POW)ODDOODOOOOO MAGUOOOO

gbooaod

ooooooo M juooo0ooooogooooogg)ooooooooooo N;0000000
ooo

Nij = M;;M;; (if POWER TYPE=POW),
N abs(M; ;) (if POWER TYPE=MAG),

ooodM;, 0D0M,; 000000000
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6.7.10 PowerCalcForMatrix
ooooono

Matrix<complex<float> >0 0 0000000000000 O00ODOOOOOOOOO0ODOOOOOODOO
goooo

goooooo

ooo

good

(booooooooo )

OO0O00DO00O00DOO000O00D0000000000000000000D000D0 Matrix<complex<float>
>000000000000000000 Map<int, ObjectRef>0 0000 PowerCalcForMap OO OO O
ooo

(Doooooo |

0 6.108 O PowerCalcForMatrix 00 OO0 0O O0O0O0OOMultiFFTOOOOODODOD O Matrix<complex<float>
>O0000000000Matrix<float>0 000000000000 O0O0OOOBGNEstimator0 00000
ooooo

AudioStreamFromWave MultiFFT
node_AudioStreamFromWave_1 node_MultiFFT_1

INPUT AUDIO INPUT OuUTPUT
NOT_EQF

BGNEstimator
node_BGNEstimator_1

INPUT_POWER NOISE_POWER

PowerCalcForMatrix
node_PowerCalcForMatrix_1

INPUT OUTPUT

0 6.108: PowerCalcForMatrix 0 O O O

uboooboooobooon

0 6.85: PowerCalcForMatrix OO0 OO OO 0O
OoOoooOood O gooood g oogd

POWER_TYPE | string POW oooobooogoo
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INPUT : Matrix<complex<float> >0 0000000000O0OO

OUTPUT : Matrix<float>0O 0O ODOOO0OODOOOOODOODOOOOODODOOODOODO

gobooo

POWER.TYPE : 00 O000O0OCO Pow)OOoOooooOoOo MAGOOODO

gooood

ooooooo M Ljoo000oooooooooo)ooooooooooo v, 0000000000

Nij = M; JMl* j (if POWER_TYPE=POW),
Ni; = abs(M;;) (if POWER_TYPE=MAG),

DDDDM;ijDMi’jDDDDDDDDD
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6.7.11 SegmentAudioStreamByID
gooood

IDOOO0O0D0OO0O00O0O0OO0O0O0ObOO0OOIDOOObOO0OO0OObOOnbOonn

ooooooo

go

good

(Dooooooooo)

bobooboobobobooboobooboobooboooboooboooobooboooOoboooaoon
gbooobooobOoooobooibboboooboooboobooobooobooooboo Ibooooboooooon
IDOOO0OOO0OOO0OCOCOOO0OO0O0OOO0O0OO0IDOO0OOOOO0O0O0O00O0bO00 MapOOOOOOOOOOO

(Doooooo)

OooooDbOoo20000000000000000DO0O0O0O0OO0OGHDSSOOOOOOODOODOOO
gboobooobOoboooboooobooooboobooblehObOoOOODOODOODOOODOOO
0000000000000 000000000000 GHDSSO PostFiter 000000000 O0O000O0O

0 Map)OODODOOO

AUDIO INPUT OUTPUT INPUT QUTPUT INPUT
NOT_EOF

'ONDITION SOURCES

MultiFFT GHDSS
node_MultiFFT_1 node_GHDSS_1

INPUT

QUTPUT INPUT_FRAMES QUTPUT
INPUT_SOURCES

INPUT OUTPUT
NOISECM

INPUT OUTPUT INPUT

O 6.109: SegmentAudioStreamByID O 0 O O
goopoooooooooo

INPUT : any 0 Matrix<complex<float> > [0 Matrix<float>0O 00O
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AudioStreamFromMic ChannelSelector SegmentAudioStreamByID SaveRawPCM
node_AudioStreamFromMic_1 node_ChannelSelector_1 node_SegmentAudioStreamByID_1 node_SaveRawPCM_1

Localize;MUSIC Synthesize SaveRawPCM
node_LocalizeMUSIC_1 node_Synthesize_1 node_SaveRawPCM_2



SOURCES : Vector<ObjectRef>,IDOOOOOODODONO Vector OO DODIDOOOOODODODODO Source
obooobooooboobooooobooooooobooooboboooooboooobobn

OUTPUT : Map<int, ObjectRef>,0ObjectRef [0 OVector<float>,Vector<complex<float> >0 0000
oooooooog

gooood

IDOO0OO0OOO0O0000COOOO00000IboOobO000o0o0ooo0Ob0000000OMatrix<complex<float>
>0 Matrix<float>0O OO DOOD0OOO0O0O IDOODOO Map<int, ObjectRef>000000000O0000O0O
lchOOOOOODOOOOODOOOODOOO
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6.7.12 SourceSelectorByDirection

oooood

boobooboobooooboooboobooboooobooooboooobooooboooboon
oooooooboo

goooooo

ooo

good

(Dooooooooo)

toboobooobooobooboob @woboobooboobooooboooboobO)obooboooooo
obobOobooooooooooooooooooboobobobooboobOobobOoboobooooooon
gbooooobooobooboboooooboooon

(Doooooo)

0 O O ConstantLocalization O LoadSourcelLocation O LocalizeMUSIC O O O O O0O0O0OO0OO0OOOOOOO

Oeli0o000DO0OO00OO0DODOOOOODOOOOODOOOODOODOODODODOOOODODOOOODOOO
goooooo

SourceSelectorByDirection
LoadSourcelocation node_SourceSelectorByDirection_1
node_LoadSourcelocation_1 SOURCES QUTPUT DISPIaVLocallzatlon
node_DisplayLocalization_1

SOURCES el N OUTPUT

SOURCES
(L) =e] 009 CONDITION

O 6.110: SourceSelectorByDirecton DO 00O : 000 terator OO DO OO O OO

obooobooooooooon

SOURCES : Vector<ObjectRef> 00000000000 O0ODOOOOODOOObjectRef DODOOODOOO
SourceOOO0OOOOOO
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OUTPUT : Vector<ObjectRef>00 DUOO0D0OODOO00O0OO0DODOODO0OO0ODODOOOOOOObjectRef OO

gOoO00b0O0OSourcedO00OOoonoaon

goooo

O 6.86: SourceSelectorByDirection 0 0 000 00O

gooood O goooog (oo |00

MIN_AZIMUTH float -20.0 [deg] | DOODOOOODOOOOOO
MAX_AZIMUTH float 20.0 [deg] | OOODOOOODOOOOOO
MIN_ELEVATION | float -90.0 [deg] | DODOODOOOOODOOOO
MAX_ELEVATION | float 90.0 [deg] | DODODOOODOODOOOO

MIN_AZIMUTHU MAX_ AZIMUTH : float JO0O00OO00OO0OOOCOOODOODO@OOD)DODODOOOO

Oldegl 0 6€[-180,180] 00D O000OODO, 00000000300 00/O000000

MIN_ELEVATIONO MAX ELEVATION : float 00000000000 O0OOOO0O@O)OOOODO

¢ldeg] 0 —90<¢<900000000000

gooood

gboobobooboboooboobobooboboboboobobooboboobooobobobo

bobooboboobooboooobobooooobooo
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6.7.13 SourceSelectorByID

oooood

O0oO0oooooOooOooOmoooooo0o0oc0ooooooo0o0o0ooooDoOoooOgGHDSSOO
OO0 FIXEDINOISEODODOOUOO true0 000000000 QCOODODOOOOO IDOOOODODOOOOOO
obooooOoboooooboooooboooooonoo

ooooooo

oono

oood

(Dooooooooo)

oooO0oOoOoOoGHDSSOOOOOOOOoooooooooooooooooooooo(@oooooo)
gbooooobooooboobobooooobobooooobobooobooboo bO-1000000000
O000OGHDSSOOODOOO SourceSelectorBylDOOOOOMINIDDO OOCOOODODOOOO0OO0O0O0O0OO
gboooboboooooboooooao

(Doooooo)

Oel1ll0000000OODOOOODOOOODODODODOODOOODOOOOGHDSSOOOOOOOOOO

AudioStreamFromMic
node_AudioStreamFromMic_1
AUDIO
NOT_EOF

GHDSS SourceSelectorByID
MultiFFT node_GHDSS_1 node_SourceSelectorByID_1
node_MultiFFT_1 INPUT_FRAMES OUTPUT INPUT OUTPUT

INPUT oUTPUT S DS

LocalizeMUSIC SourcelntervalExtender SaveRawPCM
node_LocalizeMUSIC_1 node_SourcelntervalExtender_1 node_SaveRawPCM_1

INPUT OUTPUT SOURCES OuUTPUT INPUT OuUTPUT
NOISECM

OUTPUT

O 6.111: SourceSelectorByID OO O 0O: 000 lterator 00O OO DO OO
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obooobooooboooon

INPUT : Map<int, ObjectRef>0 00000000000 ODOCO0OOOO0ODODOOMapOOOO0ODODO int0O

000 IDOOOOOOObjectRef 000000 Vector<float>0O (DO OOOODOO)O Vector<complex<float>
>0 @uopboooo)yoooo

OUTPUT : Map<int, ObjectRef>0000 IDO MINIDOODOOOOOOOOODOOODOOOOODO
U00OMap U OOO INPUTODOODOOODO

goooo

O 6.87: SourceSelectorBylID D OO0 O 00O
000000 | 0 |00o0oooo |00 (o0

MIN_ID int 0 oboooooo iboooooon

MINID :int 000000000COO0000 IDOOO0OO0OODOOCO0OO0O0OO0ODoOGHDSSOOO
ooooboooooboobooon
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6.7.14 Synthesize

oooood

uboooboobooobooboooooboooooo

gboooooo

ooo

oood

obooooOoboooooobooooobobooooooDo

(Doooooo |

AudioStreamFromMic MultiFFT MatrixToMap
node_AudioStreamFromMic_1 node_MultiFFT_1 node_MatrixToMap_1

AUDIO INPUT OUTPUT INPUT OuUTPUT
MNOT_EOF

Synthesize SaveRawPCM
node_Synthesize_1 node_SaveRawPCM_1

INPUT OUTPUT INPUT OUTPUT

O 6.112: Synthesize D OO O

gboooboooooooon

0 6.88: Synthesize 00 OO OO0

gbooooo O gbooooo (oo | oo

LENGTH int 512 [pt] | FFT O

ADVANCE int 160 [pt] | OOODO
SAMPLING_RATE int 16000 [Hz] | DOO0O0OODOOO
MIN_FREQUENCY int 125 [Hz] | ODOOOO
MAX_FREQUENCY int 7900 [Hz] | ODOOOO
WINDOW string | HAMMING ooo
OUTPUT_GAIN float 1.0 goooo

259



INPUT : Map<int, ObjectRef> [ [0 ObjectRef O Vector<complex<float> >[I

OUTPUT : Map<int, ObjectRef> [ [ ObjectRef [0 Vector<float> [l

gobooo

LENGTH FFTOOOOOOOO MutiFFTOOOOODOOOODOOO
ADVANCE 00000000000 MutiFFTODOODOOOODODOOOO
SAMPLING RATE 00000000000 O0ODOOOOODOOOOODOOOOO
MIN_FREQUENCY D000 O0OO0O0OO0OODOoOoOoon

MAX FREQUENCY O0000O0O00D00OO0O00DOO

WINDOW [ 00 0O HAMMINGO RECTANGLE, CONJ O O OO

OUTPUT_GAIN OO OOO

gooood

oboboooooobooobooboobooboobib0llws/2-100[Hz]OOOOOOOOOOO
oooouobonOOooboOFFTOOOOO0ODOODOODOOOO0DOOO0ODODOoverlap-add O 0O 0O OO O overlap-add O
gbooboobooboobooooboooobooboboobooboboobooboboobobooboboo
oooooooooOOo0oO0oooooDoo0d webOOOOOODOOOODOOOOOOOODDOOOO
obooooOooooooboon

OODoverlap-add D0 0000000000000 O0O0DOOO0ODOODOOOOOOODOOOODOOOOOO
gooobooboobboobooboobooboobon

[LENGTH/ADVANCE| - 1, if LENGTH mod ADVANCE # 0,

delay = ) (6.156)
LENGTH/ADVANCE, otherwise.

HARKOODOOOOOOODOOOLENGTH=512,ADVANCE=160000000000 3[frame]J 0000
ob0oo0O0oo00o0o0obOo 30ms]O0oOn

oood

(1) http://en.wikipedia.org/wiki/Overlap-add

260



6.7.15 WhiteNoiseAdder
oooooo

ubooobooooboboooogd

ooooooo

ooao

good

O000000000000DbO0O000DObO0000O000bO0O000DO0O000DO000PostFilter 00O
OCO000000000O0musicalDO0O00D0OO0O0O0O0OO0O0OOOO0ODOOODOOOODOOODOOODDOO
gbooobooobooboooobooooooobooobooobooobooobobooobOoobDOobobooobooon
gooobooooo

(Doooooo |

ubobooboboobooboooood

SpectralGainFilter WhiteNoiseAdder
node_SpectralGainFilter_1 node_WhiteMNoiseAdder_1
INPUT_SPEC OUTPUT_SPEC INPUT QuUTPUT
VOICE_PROB
GAIN

Synthesize MelFilterBank MSLSExtraction
node_Synthesize_1 node_MelFilterBank_1 node_MSLSExtraction_1

INPUT OuUTPUT INPUT OuUTPUT FBANK OUTPUT

PreEmphasis MultiFFT
node_PreEmphasis_1 node_MultiFFT_1

INPUT CUTPUT INPUT CUTPUT

SPECTRUM

O 6.113: WhiteNoiseAdder D O O O

uboooboooobooon

INPUT : Map<int, ObjectRef> [ 0 ObjectRef 0 Vector<complex<float> >0 000000 OOOONO
odooDoooobooooood
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0 6.89: WhiteNoiseAdder OO0 00O 0O 0O
gooooo O gooooo o0 Oogd

LENGTH int 512 [pt] | FFTO
WN_LEVEL | float 0 oooooooo

OUTPUT : Map<int, ObjectRef> O O ObjectRef O Vector<complex<float> >00000000000O
odooDooooooooon

goboo

LENGTH : FFTOOUOOOOOODOOO0OO0OODOODOOOOO

WNLEVEL : 0000000000000 0O00O00000000

gooooo
oboooboooooboobooonog

VLENGTH

5 -WN_LEVEL - ¢*VR (6.157)

UO0D00O0OD0ORDOOLR<LIOOODOOODO@MOOODOODOODOODOO)O VLENGTH/2 0O OFFT
bboobobooobooboooobobooooboooobooboooobOobooooboobooonog
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6.8 Flow Designer 1 1000000 ON
6.8.1 JuliusMFT

uo

JuliusMFTOO0O0000000D0D000 Julius0O HARKOOOOOOOOOOOOOOOOOOODOHARK
0.1x000000000000000 Wliws3.50000000000000000 hliws*00000000
O0000O0000O0O0HARK1IOOOOius4.100000000000000000000OOHARK 1.0
O JulusMFTOOOOODOOOO WlivsO00OD0OOOOODOD 400000000000D00C00O0ODO

e JOOODOODOODOOOOODOO

e MSLSOODOODOODOOOOOD (mfenet) OO
e 0000 (Srelnfo) D00 OODO

e JOOOOODOOOODODO

O0000000Wlus400000000D0000000000O0DD WiusODODOOOOOOO0O0OOOO
gooood

U0b000bD0o0ooo0o0bo0oboo0o0bDOOnlies 0000 0OFlowDesigner 0 0 HARKOODOOOO
uboooboooobooon

gbooan

JuliusMFTOOOO0O000O00000000D julivsconf00000000000O000O0O0

> julius_mft -C julius.jconf

> julius_mft.exe -C julius.jconf (Windows )

HARKOOOJlusMFTOOOOOOOOIPOOODOOOOOOOOOO0O0OODOD SpeechRecognition-
Client (O O O SpeechRecognitionSMNClient) 00000000000 OO0OOOO0ODOOOOOJuliusMFTOOO
goooooooobooooooobooooooo

000 julius.jeonf 0 JuliusMFTO OO OODOODODO0OOODOOODOOOOOODOOOOODOOOOO
O«“»00000D00000000000oo0oodoo0DDoulius0 000000000 O0ODOOOOOOd
OO00000000#000000000000000NWs0000000O00O0DO0O0O
http://julius.sourceforge.jp/juliusbook/ja/desc_optionhtml 0 0 0 00000000000 0O0OOOOOOOOOO
OO00o0ooooooDooooooo7000000

e -notypecheck

o -plugindir /usr/lib/julius_plugin
e -input mfcnet

e -gprune add_mask_to_safe

e -gram grammar

e -h hmmdefs

“http://www.furui.cs.titech.ac jp/mband_julius/
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o -hlist allTriphones

e -notypecheck
000000000000 00000000000000000 WiusOOODOO0OO0ODO0ODOOOOoO
O0O0O0OJWlusMFTOOOOOOODODOODODODODODODOODODOODODOODOODODODOO
O0D00OoOO000OO0O0O0OWiusMFTOODODOOOODOOOODOOODOOODOOODOOODOOOOOOO
(ooOooDOoooOo0D o000 OooD)ooOoUOoDOO0DOO0O0OOoUOOOoDOObDODOoDOoOODOOODOd

e -plugindir 000000000000
O0000 ¢jpp000000000000DO0O0O0O000O0O0DO0O0ODO000O0O00ODO0O0O0O0O0O0
O000000000000000000000Dapt-get0 000000000000 O/usr/lib/julius_plugin
0000000000 00000000000000000000 000 /usr/local/lib/julius_plugin 0 O
O0O00D00OO0000D00DOO00O-input mfenet O O -gprune add-mask tosafe 0 0 0000 O0O0O0DO0O
00000000ooO00o0oO00DoO00oo0o0oooU0o0oo0ooOoOoooooooDOoooDo
0000000000000 00000WIindowsOOOOOODOOODOODOOOOOOODOOOOOO
O00o0DooooooooO0ooooooooooooooooo

e -input mfcnet
-nput 00000000 JuliusO00D00OO0O0O0O0ODOODODOOOOOODOCOOCOOOOOOOOOOo
00000000000 O000D0ODOO0OJuliusMFT O O O SpeechRecognitionClient (O O O O SpeechRecog-
nitionSMNClient ) D000 D00D00OO0DOO0OO0OO0OOOOO0OODOOODODODOODOOOOODOOO
O000000D0OD0O00000000 mfenet 0000000000000 OOO -inputmfenet 0 0 O
000000000000 000DO0O0000COmfenet 000000000 DOOOOODODOO JuliusO0O
0000000 adinmet 0 0000000000000 0D0OO0O-adport0000 “adport0 00007
oooopoooooooogoo

e -gprune
00000000000 0000000000000000000000000000000D0 00 OHARK
0.1x0000000 juliusomft(ver3.5) 00 0000000000000 0O Of{add_mask_to_safelladd_mask_to_heu|ladd_m
Oask_to_beam|ladd_mask_toonone} 0 400 0000000000000 @MOODOOO0OOOOOOO
O000D000OD)H)OOO0DOOO0ODO0OD Julius O {safellheuristicllbeam|lnone}y 000 O00000O0O0OO
julius_mft(ver3.5) 0 eachgconst 0 0 000000 O0DOODOODOODOODOODOODOODOOOOOODOOO
00000 (score) 0D 0D00D0D0O0ODOOODOODODOODO0ODOOOOODOOOOODOOOOOOON
Ooooooooooo

e -gram grammar
0000000000000 00d JuliusOO OO

e -h hmmdefs
oo0ooDdEHMM)OODOODOODOOO JuliusCOODOO

o -hlist allTriphones
HMMList 00 0000000000000 JuliusO0OOO

0000000000000 D00000D0DbO0000O0000 WiusDOOO-module0 00000000
ooooooo

good

mfcnet 0 0 0O O
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mfcnet 00 0000000000000 00C0OO0O000O0JuliusMFTOOOO “-inputmfenet” 00000
O00000000OJWIiusMFTO TCP/IPOOODOOOOOOCOODOOOUOOCOCOUOOOHARKOODOOODO
0O OO SpeechRecognitionClient 0 00 SpeechRecognitionSMNClient 0 00 000000000000 O0O0OO
0000 liusMFTOOOOOCOOOOOOO0O0O0000000O0000C00000100000 JuliusMFT O
000000000000 0U00000U00O0O000O000U00O000U0000O00UoOoDOOoUOOoOooo
gooobooobooboobooboobbooboobL1IobboobbobboUoboobUoUo

1.000oog
Oo0ooDoOoo0OJliusMFTODOO

2. 000000000100000000DOO

Ooooooo0oooooooooobobo 1oooobeo00DOOOOODOOOODOOOODODO
O000000D000 SourcelnfoO00O OO0 69100000000 IDOOOOOOCOCOOOOODOO
O000000O0<systimeh>00000000 timeval 000000000000 OCODOOODOOOO
gooom700 10 10o00:00:00000000000DO0OO0ODO0ODOODOOOODOOOODOOO

ooooo
0690: 000 10000000000
oo [byte] | O gooboood
4 | int 280 = sizeof(Sourcelnfo))
28 | Sourcelnfo | DO O0O0O0OO0OO0OOOOOOOOO
0 6.91: Sourcelnfo 0 O O
IEEEEERE IEE
source_id int od Ib
azimuth float | OO OO [deg]
elevation float | OO OO [deg]
time timeval | OO (64bit0 0000000000 16000)

3. 00000000000)

O0o0oo0ooo0ooboo0ooobooooDboooooOooe20000000 1000000010
gboboooooobobobooooooooooboobobooooooboobobOoboobooooon
OO0O0o0D0OoOo0oDoO JuiusMFTOOOOODOOOOD

0e692:000000000ODOO

000 [byte] | O Ooooooo
4 int N1=0000000000000x sizeof(float )
N1 float[N1] | 0000000000
4 int N2=(0000000000D0) X sizeof(float )
N2 float[N2] | 00D0ODOOOOOO

4. 0000
10000000b0bo0oooobooboooboobooogeeo3sbooooDobOononog
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069300000000
DOO[byte] | 0 |00D0DDOO

4 | int | 0

OO00000000D000 -moduleD000DOO0OO0D0OOWIusOOO0O0DOOOODOOOODOOOO
OO000000000000D00000 JuliusMFTO TCP/IPODOOOODODOOODOOO JuliusMFTOOO
Ob0O00Ojjeontrol OO OOOODOOOOOOODOOOODODOOOOODODOOOOODOOOOO
oboboooooooooboboooboboboUo EvcJpO00bO0bDo0obOobDOobOobOooobobooo
gboooboobo XMLOOOOOobOoooOoboooooboooooboobooobooboobooboooboooo
O»000D0o00oobo0d0uWliusMFTODOOOOODOOOOODOOOODDOOOODOOO

e INPUTODOODOOOODDOOOOODDOOODDOOO STATUSO TIMEOODODOSTATUS 0 OO
LISTENO STARTRECO ENDREC D OO OOODOOODOO LISTENOOODO JuliusODOOOOOO
U0b0000000000O0STARTRECUOOOOODOOO0OOO0OOOOOOOENDRECODOOODOO
oooobOoooooOobooooOooTIMEODOOOODOOOOOooOOn

e SOURCEINFOO O OUOOOOODOOOUOOWIusMFTOODODOOOOOO0O0ODOODODD IDOAZ-
IMUTHO ELEVATIONO SECOUSECO OO OSOURCEINFOO O OO 2000000000000IDO
HARKOOOOOODO IDOOO IDODOO0OO0OO0O0OO0DO0O0O000O00bO0b00000AzZIMUTHODOO
0000000000 b00ob0o0obO0b0obO0bO0bO0ObO0ObOUObDO0OUOOOOELEVATIONO D OO
O0O0OOOOOSECO USECOOO0O0O0O0ODOOO0oO0poooDOoOo SECO0DODUSECOO0O0ODOon
oooooon

e RECOGOUTUDODOOOOOODOOODOOOOOOODDOOO 10000 2000000000000
gboooooobobobo pHYPOUOOOOOOO 1OOOO200000000000000A0
o000 SHypOOOOOOOO 100000000O0O0O0OO0OO0OO0OOOO00O000 2000
gooobobobooboobouobooooboooobobbooobono sHypOOOOODOOODO

e PHYPOUOOOOOODOOOODOODOODOOOOOOOO wWHYPODOOOOOOOOOOODOODOO
PASSO SCOREO FRAMEOTIMEO OO OPASSOOODO0OO0DOOOOODOOO 10000SCOREOO
goboooboobboouoboobO0OFRAMEOOOOOODOOOOOODOOOOOOODOOODOO
oooooTIMEODOOOOOODOOOOOOOo0OO

e SHYPOODODODODDOOOOOUUODOOOOOOUOOOwHYPOOOOOOOOOOOOOoooo PASSO
RANKDO SCOREO AMSCOREO LMSCOREO O OO PASSOOOD0OO0OO0OODOOOOOO PASSOODO
00000 10000RANKOOUOOOOOOOOO20000000000000SCOREOOODONO
OO00O0OD0OOAMSCORED D ODOOOOOLMSCOREDOODODODOOOO

e WHYPOUOUOODOOOOOOOOODOOODO WORDO CLASSIDOPHONEOCM O 0O 0O OWORD O
OO0OOCLASSIDOOO0O0000000000000000OPHONEO D OO OOCMUOOOOOOO
ooooobooooob200b00o0oboboonog

o SYSINFOOOOOODOOOOODOOOOOOOODODOO PROCESSOOOOPROCESSO EXITOOOO
OUOOOOOERREXITUOOODODOOOUOACTIVEOODDODDODOOOOOOODODOOOOOOSLEEP
Ooooooooooooboob0o0o0oooboOoOObO0o00oooooDDbDO0ODbD00Od]ulius MEFT
UobOoob0ooO0oobO0o0bOo0ooO0O0OO0OSOURCEINFOD DO ODOOOOOOOooooooboooon
OhusO00000O00O0O0D000O0 wliwvsOOO0O0O0O0O0OODOOOO
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OO00000 lusOOO00D0OO0OWIusMFTOODOOOOODOOOO200000

e JO0ODOOUODOOODOOOODOODODOO SOURCEINFOOOOOUOOOOOOOOOOOOOOOO
00000 IDSOURCEID)DOOOOO

STARTRECOG, ENDRECOG, INPUTPARAM, GMM, RECOGOUT, REJECTED, RECOGFAIL, GRAPHOUT,
SOURCEINFO

e JOODOUODOODOODODOODOOOODOOOOOOOOOODOODODLDODLDODOOOOOOOODnOO
gbooooooobobobooboooooooboobooooooooboobobOoboobooooon
gobooboooboooboobooooboboooooboooobooobooooboo

gbogboobooogoboobooobg

- <RECOGOUT>...</RECOGOUT>
- <GRAPHOUT>...</GRAPHOUT>
- <GRAMINFO>...</GRAMINFO>
— <RECOGPROCESS>...</RECOGPROCESS>

glooobOoooooobooooboobooboboobooboooooobon

- <RECOGFAIL ... />
- <REJECTED ... />
- <SR.. />

JuliusMFT O O O

1. 0o00booogoogo

Stat: server-client: connect from 127.0.0.1

forked process [6212] handles this request

waiting connection...

source_id = 0, azimuth = 5.000000, elevation = 16.700001, sec = 1268718777, usec = 474575
### Recognition: 1st pass (LR beam)

passl_best: <s> O OOOO0O0OO </s>

passl_best_wordseq: 0 2 1

passl_best_phonemeseq: silB | chu: moNonegaishimasu]| silE
passl_best_score: 403.611420

### Recognition: 2nd pass (RL heuristic best-first)

STAT: 00 _default: 19 generated, 19 pushed, 4 nodes popped in 202
sentencel: <s> 00000000 </s>

wseql: 0 2 1

phseql: silB | chu: moNonegaishimasu]| silE

cmscorel: 1.000 1.000 1.000

scorel: 403.611786
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connection end
ERROR: an error occured while recognition, terminate stream 000000 0O0O0O0OO0O0O
O

2. 000000000000000

000 XMLOODOOOOODODOOOO (GeonrolODH)ODOOOOODOODOO “>”00jcontrol OO 0O
D000 jeontrol DODOOOOODOOOOODOODOOOODOOO

> <STARTPROC/>

> <STARTRECOG SOURCEID="0"/>
> <ENDRECOG SOURCEID="0"/>
> <INPUTPARAM SOURCEID="0" FRAMES="202" MSEC="2020"/>
> <SOURCEINFO SOURCEID="0" AZIMUTH="5.000000" ELEVATION="16.700001" SEC="1268718638" USEC="10929"/
> <RECOGOUT SOURCEID="0">
> <SHYPO RANK="1" SCORE="403.611786" GRAM="0">
> <WHYPO WORD="<s>" CLASSID="0" PHONE="silB" CM="1.000"/>
> <WHYPO WORD="OOOOOOOO™"™ CLASSID="2" PHONE="ch u: mo Nonegaishimasu" CM="1.
> <WHYPO WORD="</s>" CLASSID="1" PHONE="silE" CM="1.000"/>
>  </SHYPO>
> </RECOGOUT>
good

e outcode OO OOOOMO

000000000 0O000DbOOo000DbO000oDO00O00O0O00000d -outcode OOODDO
gboboooooobOoboboobooooooooobobobooooooobOOobOobobooooon
-outcode OO 0O0OO0D0OO0O0OO0ODOODOOOOODOOOOO

e JO0O0OO0OODOODOOUOODODLOOOOODO

O00O0OD0O00O0O0ODOO0ODO0ODOO “ERROR: an error occured while recognition, terminate stream” O O [
0000000000000 00DoooooOn mfenet) 000000000 0OOODOODOOOOOO
00000000 juivs00000D000DO0OODOOOOOONusO00DOO0O0ODOO0ODOOOOOOONO
00o0000do0o0o0ood0dbDO000oo0oU0o0oDd000DbDO00DOo0ooUooOooOooDOon
ooo

gboooboogno

e apt-get O OO OO

apt-get 00O O0O0D0O000O00O0ODO0O00O000OD0O00000UbuintuO0 OOO0O0OO0 JuliusO
O00o00O000oDOo000DOO00b0000 WusOODOODOOOO0OOOOODOODOOODDOOODO
oooooobooooboooon
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> apt-get install julius-4.1.4-hark julius-4.1.3-hark-plugin

e HUODOODODLOODLOOOO

1. julius-4.1.4-hark O julius 4.13 plugin OO0 0000000000 O0O0O0O0OCOOOOOOO

2. julivs-4.1.4-hark 00000000000 OCOOOOOOOODODDDOOOOOOOO /usr/local/bin
oboboobooooooooooobooboooboo0 esepin0O00000O0O0O0O0OO0OOO0
ooooo -prefixODOODOOO

./configure --prefix=/usr --enable-mfcnet; make; sudo make install

3. 000000000000 0000 WusOOOODOOOODOOOODOOO

> /usr/bin/julius

Julius rev.4.1.4 - based on JuliusLib? rev.4.1.4 (fast) built for
i686-pc-linux

Copyright (c) 1991-2009 Kawahara Lab., Kyoto University Copyright

(c) 1997-2000 Information-technology Promotion Agency, Japan Copyright
(c) 2000-2005 Shikano Lab., Nara Institute of Science and Technology
Copyright (c) 2005-2009 Julius project team, Nagoya Institute of
Technology

Try ’-setting’ for built-in engine configuration.

Try ’-help’ for run time options.
>

4. 000000D0D0O0O000O0000 julius4.13plugn000000000DO0OOO0OOO0O0OO
goooo

> export JULIUS_SOURCE_DIR=../julius_4.1.4-hark; make; sudo make install

JULIUS_.SOURCEDIR O OO julius4.14-hark OO0 O O0O0O0OOO0O0O0O0O0O0O0OOOOOCOOO
OO0 JuliusO plugn OO0 0000000 0OOCOOODOOO

obooooOoboooooooon
5. /fusr/lib/julius_plugin OO0 000000000 O00DOOO0OODOOOOOO

> 1s /usr/lib/julius_plugin
calcmix_beam. jpi calcmix_none.jpi mfcnet.jpi calcmix_heu.jpi calcmix_safe. jpi
>

gbooobOOosoboboooboobooooobobooobooboobooboobooooono

e Windows 00O OO00DOOOOODOOOOO32000000000000000000000
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070 0000000

7.1 HARKTOOL

711 OO

HARKTOOL OO GHDSSOOODOOOOOO0ODOOOOO0O0DO LocalizeMUSICOOOODOOOOODODO
gbboooobooooooboboooboobooboooooboOobooboooeuIODoboooooooboan
7.1.1100000000000000000O000O000

HARKTOOL OO DOOOOODOO

e JO0ODODDODOODOODOO

TSPOOOOOOOODOOO

gboobooboboboobo

ooooboobooog

gboobgoobobboob

ooooboooobooon

e JOODODOUOUOOODOO

oooooooooboo0oooooooo0ooooooobooOoooooboOogooooooogoooTSed
gooooooobooooboooboobobooboooboooboooooboobOooooboboobOooDooo
gbobooboooooboboooooboo

obooooOobooooboboooooboooon

1. 0b00booooboooobo g.asboboooobobooooboooon)
2. 000000000000 1700000000 0DODOOODODOOOO)
j.obooooobooooooobooo
TSPOOOOODOOOOODOOOODOOO

. TSPOO0OD0OOO0OOO (7.16TSPUOOOODOODOOOOODOOOO)

2. 000000000000 (.17000000000DOO0O0OOC0ODOOOOO0O)

3. TS0 O0O0OOOODOO
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uboboobooooboobooooboooooboobooobooboon

1. TSPOO0OOODOOO0O (.16eTSPOODODOOOODOOOODODOO)

e JO00O0O0OO0OOODOOLOOODOODOOLOOODOODOOOODDOODLOOODOO

e JO00000ODOOOOODOOOODOOOODOOOODOOOODOODOOODOODOOODOOn
uboobdabgobdboboobobodbdbeg.oboboobooboooooaobob

2. 000000000000 (71700000000 0DOOOOCODOOOOO0n)

gbooobooboobgoboboobooboobooboooboooobo
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712 0O00OO0O0OO0OOO
HARKOOOOODODOOODOOOODOOOOODO/mO000O0O00000apt-get00O0O00DDOOODDO
ob0oo0O000000b0 HARKOOOOOOoooooo

>sudo apt-get install harktool4

713 0000

HARKTOOLOOOO,O0OOOOOOOODOO.

e OO

>harktool4

e GUIDOOOOOOOOOOOOOO
>export LC_ALL="ja_JP.utf-8”

>harktool4

e GUIOODOOOOODOOOODO
>export LC_ALL=C

>harktool4

gooobO7i1ooboooobooboooobooooboobooooboon

*  MainWindow
FILE MENU ~JL7

HARKTOOL4

g71:0000
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714 0O0OO0O0OO

©O® MainWindow

ImpulusResponse List File Template Create

g

O REES @ PEER

.-

|8

oA -
r

R IE SV (PN s/ D{AZIMUTH:%03d)_E{ELEVATION:%
EasZ VWP U 01234567

OO0 90 9O OOO®

0720000

s 0000000000

1.

Impluse
oooopoooooooogoooooooo
goo0ooooooooooooooooog

. TSP

TSPOOOOOODOOOOOOODO
ooogTSspOO0O0OO0O0O0OO0O0O0OOO

. Mic array

goooboboooobooooo
oooobOobooooboobooooooboooooon

. Noise

obooooOoboooooboooboooon
ugbogbuggbooobooboobobbobbao

. Localization

ugbogboobooooaoboaboo

Separation
oooooOooOoOoOOOoOOoOoOO

. Create

ooooboooooboobooooobooooon

. Plot

ooooboooo
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9. Clear
oooooooooooo

10. Save
o0ooobOoOOooooooo

11. Exit
HARKTOOL4 O OOODO

s 0000000000000 000FILEDOO0DOODOOOnDO

12. O openl]
oooopoooooooo

13. O savell
0o0o00o0o0ooooooooa

s J0000000000000000MENUOOOODOOOO0O0O0

13. O Impulse
OmpulseD 00O OOOOOO

14. O tspd
oTSpOODOOOOODO

15. O MicArray[]
OMicarrayD OO OO QOGOOO

16. O noise
ONoiseDO OO OOOOOO

17. O localization
O Localization0 O OO O O0O00OO

18. O separationl]
O Separation0 0 OO0 O00OOO0O

19. O created
OCreate0 DO 0OO0O0ODODOO

20. O plotd
orpLOTOOOODOOOOO

21. Ocleard
OClearD0O0O0O0O0OODOO

22. 0 ExitQO
OExitD00000000
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715 O00O0OO0OOO0OOOODOOOOOOODOO0

e JO0OD0OO0ODOOOOOOUDODODODOOOOOODOODOODODODOOOLOOOOOODOODOODOO
oooobOoobooooboooon

e HUbOUOObOOOOLOOODLOOLOOOLDDOOLOOLDDOUObLOUOObLOOObLObOObObOODbOUOn
gboogbooboobooboooboo

e IO 0000DOOO (rein) 00000 DODOOODODODOOOODOOOOO

e 00O HARKTOOL OO OOODOOOOOODOOOOODOOOOOOODOO

©O®® MainWindow

ImpulusResponse List File Template Create

O NEER ® niRER

FAMIE] - SRR
13

LRV (VNI ke /D{AZIMUTH:2%03d}_E{ELEVATION:503d)_R100_ch{CHANNEL:3%024).lt .
Rttt 01,234,567

O 7.3: ImpulseResponse ListFile 00 O 0 O

oood

1. 000000mmpluseD 00 O0O0O00OOO0OOO

2. 0000000000000O00000O0

ooogooo

e JODDOODOOODO
0000000000 Db00b0oDooOooooooon
0000000000000 o000O00DO0o0bOO000obOoDbOOoDo0oDODo0obOOooDoOooDoao
gooooo
e 00 [m]
do0o00oOoOooOoobooboOoooaon
e 00O [O]
0o0000oo00bOoobooboooooo
0000000000 [0jobOoobOoobooboooan
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00O [m]
obooooOoooobooboooooboooon
gbooobooobo0 mjoboooOoboobooobooon

oooiol]
goooogo,ooogoog.
gboooooboooobo,0oocooobobooo [o]jboooobooboooooboon.

000000 O00o0oon

00000000000 00000O0MO00000000000000
0000000000000 {AZIMUTH: %03d}0 0 {ELEVATION: %03d}00 {CHANNEL:%02d}0 0 O
000000000000 0{AZIMUTH:%03d}0 ,0 {HEIGHT:%03d}00 {CHANNEL:%02d}0 0 O
0D00000000000000000000000000000000

gooooood
gbobooooooooooobooboboboooooooooooooooboobooobooona
oo
goooooooboooobooooboobooobooboooobbooboobbooobooobogoo

CutIndex[0 OO 0]

OO0o00oo00ooooouoooooooooooooog
0J0000dU00ooo0dUo0ooo0UoooU0UoUoooUoUOoooUUoOooDoOoOooon
Ddooooooooooooooon
gdodboodouoodouobuooboboouoooooobobDoouobDobOooDba

3.00000O0Create 00O 0O00O0D0O0ODOOOOODOOOOODOODOOOOODOOOO
goooboooobobooooooboo

4. 0000pPt000DOOOO0ODOOOODOOOOODOOOODOOOODOOOO

5. 00000000D0b0b0OoboOobDOoO0Ssavel000ogooonOnO
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71.6 TSPLUOOOOOOOOOOOO
e TSPOOOOOOOODOOO TSPODOOODOODOOOODOODOODOOOOOOODOOODOOOO

e OO OOLOOOOLOOODLOOLOODLDDOOLOODLDDOODLOODLDOObLbOOLObOOODbOOn
gboogbooboobooboooboo

e 000000 DOOO(rein) 0000 ODODOOODODOOOODODOOOOO

e JOUOUHARKTOOLUOODODOUOOODOODODOOOODODODOODOODODO

TSP List File Template Create

O REER ® PIEER

-
HrmE]

TPANEFYTL—h

[ 220 S 2T /i

TSP List File Template Create

TsPATEwiyvF0]  [REEEH B

TN ALREE]  [ERE

EacZ OFUIN W02z,

O 7.5: TSP ListFile 0 O O O (Setting2 0 0O)
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oood

1. 0oooooTSspPOOOOO0O0DOOOOD

2. 000000000DOO0O00OOOO0O
oooooo
m Settingl
e JOODODODOODOO
goooooooooooOooOoOoOoOooOooOooOoO

gbodgbouoogoboobooboobooboooboboboboaobooboboobaboa
gooooo

00 [m]
0oo00doooooooooooooooo

00 [0]
00000000000 000000000
0000000000 ([0]0000000000000000

00O [m]
obooooOoooobooboooooboooon
gbooobooobod mjoboooobooobooobooon

oooiol]
goooogo,ooooog.
gbobooooboooobo,oooogbdoooo ojboooobobooooobon.

goooooboboo

TSPO0O000O0DOCO0O0OAMOODOOO0OODOOO0O0ODO
0000000000000 {AZIMUTH: %03d}0,0 {ELEVATION:%03dj0 00000000000
00 D00{AZIMUTH: %03d}0,0 {HEIGHT:%03d}j0 0 00 000 0000000000000 oD0od
gooooobooooogon

gboooooooon
oooooocoTSPOO,1000000D000

m Setting2
e JODODODODO
TSPOOO00O00O0 TSPOOOOOOOOODODO

e TSPOUODOD [DOODO]
goooooo TSeO0000obOOoOoOo,0b0b00o0ooobooon.

e JOODODDOOO(MmODO]
oboocooOoboooo.oboboooooboon.

e JOOOOODOO
oboocobOoboooooboboooboobooooobooooobooboobobooboOobooOoon
gooooooobooobooooboobooobobooboooobbooboobboobooobooo
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e Cutlndex[O OO O]
obooooOoboooobooboboooboobooooooo
goooobooboooooboboboooobooooobobbooooboboboooboooboooon
gbooooobooooobooboon
oboboobOobooooobobooooobooooobOobOoooobobooooboOobOooooono

3. 000000Create0 00000DODOOO
TSPOOOOOOOO0OOO0OO0OOCODOOOOODOOOOOOODOOO0OO0O0O000OAO0

4. DO0oO00OpPotDO0O0O0OO0OO0ODOOOOODODOODOODOOOODODOOOODO

5. 000000000DO0O0O0O0DOOOO0Save00O0O0DODOOO
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717 O000OO00OOO0OOOOOOOOOOO0
e JO0O0OOODOOLOOOUDODO,0O0DODLOODODOOOODL.OOODOOOODODO
e 2000DOO0OI0ODCOOOODODOOOOODOODOODODOO

e J00UOODODODODODODOOOO,LocalizeMUSICOOOOOO GHDSSOOOODODOOOOOOOO
ooooboobooooooo.

e J0U HARKTOOL U D OODOOOUOOODOOODODODODLOOOOODO

@S 6 Mainwindow

MICARRAY Location File Template Create

O REER @ FHER

apLEl - CE oo |
xo I - B ==~ B
HamE] - PERRIEE]

Rt S E N I 0,1.2,3,4,56,7

0 7.6: MICARY-LocationFile O O O

good

1. 00000O0OMicarrayd OO O O0O0O0O0O0OOO

2. 000000000DOOO00OOOO000
oooooo
gooooooooo

gbodgbgoooboobooboboboboobobboobooboboboboobaboa
gbooooobobobooboooboobooboobobboboon

00 [m]
0oo00doooooooooooooooo

00 0]
0D0000000000000000000000000000000000

00 [m]
0000000000000 00000000000o0oo0o0o0oooOooon
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e OO0 [O]
oooooo,oo0oooa.
gboooboooboobooboobooboob ljoobbobbobooboob.

e JOOODOODOO
gooooobooobooboboboooobooooooboboooooboubobooo,
gbobooooooboboooooooobobooooooboboboooooooooonoa
ooooobooboooboobooobooobooobo TSPOO0OO0OO0OOOODOOOOOOOOO0
ooooooboooooobon.

3.00b00O0Createt0 0000000 ODOOODOOOOOOOOOODOOOOOOOOOOODOOOO
oooooobooonog

4. 0000pPtD00DO0OO0ODOOOODOOOODOOOODOOOODOOOO

5. 000000000000 O000b000Save00O0O0O0OOO
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718 U00O0O0O0OOO0ODOOODOOODOO
e JO0O0OOODOOLOOODL,DOOOODODLOODOO.OODODOOOODOO

e JOOUOHARKTOOLOODODOOOODODODODOOOOODODOOOODOODO

©O®® MainWindow

NOISE Location File Template Create

exc

00 7.7: noise-LocationFile O [0 J

oood

1. 0000D0O0NoiseDODOOODOOOODO

2. 000000000000 O0O0DOOO0OO
o0ooooog
e 00 [m]
0o0000o00Doo0onDooooooOon

e 00O [O]
obooooOoobooooobooooooon

e OO0 [O]
ugboobooboooobooboboabo

3.0db000Crate00DO0O0OD0OO0OODOOOOOOOOOODOODOOOOOOOODOODOOOO
oooooooo

4. DOoO0OpPotDO0O0O0OO0O0O0ODOOOODODOODOODOOOODODOOOODO

5. 000000000000 00000O0Save0000O0O00OO
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719 000O0O0OOO0OOOODOOOO
e JOU0O0DODOOODDODO,LocalizeMUSICUODODOOOOODODOOOODDOOOOD.

e ImpulseResponse-ListFile O O O O TSP-ListFile 0 MICARY-LocationFile 0 OO0 OO0OOO0OOO0OOOODOO
ooooo

Localization Transfer Function

Fmt
fFERAE 0 HAR—2 @ BENHE version
FormatID
[YITNYENE SO /nome/harkuse /YOUR_PATH/MICARY-LocationFile Num of Mic

Tso/IR ListFile [ AT istFile or TSP-ListFile FFT Length[sample]

IR Length[sample]

HTYS S BRBH) Sampling Rate[Hz]

Mic position

FFTR[Y T I]
M2PG
e
EERR(Y TN Num of Azimuth

Num of Distance
Source Location

H “ . -

078 0000000000000OO

1. 000000Localization0 00O O0O0O0O0O0O0OO

2. 0000000000000O00000AO0
oooooo

e ODOO
gbooabooao,obooooboab.
googooooboobgooboooooboo.
gbooobOoboooobobooobooboooobooo.

e MicArray File
ooooooooooooono.
7.1.7000000000000000.

o TSP/IR ListFile
7.1.600 TSPOODOOOOOOOOOOO71s500000000000000000000A0.

e JO0ODOOODOODO [Hz]
gbooobooobooobooo

e FFTO [DDOD O]
0D0000000000000000000

e TSPO [DODODO]
ooooTSpOO0 100000.00000000O000O0C0O0O00O0DOAO.
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e JOODO [ODOO]
obooooOoboooobooboonog

3.O00b0000Created 00000000 DOOO0ODOOODOOODOOOODOOODOOOODOOODOOOOO
ooooboooog

@® @ MainWindow

Localization Transfer Function

Fmt

AR © RHAIN—R @ BENHE version
FormatID

ISR TPl /nome harkuser/YOUR_PATH/MICARY-LocationFile . Num of Mic

e ustee [ [l | TTTieoriereld

IR Length[sample]

HTYS S BRBH) Sampling Rate[Hz]

Mic position

FFTR[V>TN] |§
. M2PG
TSPR version
Num of Azimuth

EEER[YYTI]
Num of Distance

Source Location

o - H — “ .

o799 000000000
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goooogoon
Oo0o0DOplotD0OO0O000DODOOO0ODOOOODOOOODOOOODOOOOD

4. O Mic Position0 O OO0 O000O
O0O0O0O0OMicPositionD OOOPlotD 00 000O0OOOOOOOO

m ezr@a@aa 72 &

Microphone Position

0291
0.29
0.289
Z 0288
0.287
0.286
0.285
0284,/

view: 60.0000, 30.0000 scale: 1.00000, 1.00000

0 7.10: Mic Position O OO0 00000

5. O Source Locationd0 OO0 0O OO
OO00000Source LocationD0 OO OPlotD 00000000 OOOOOO

@ @@ Gnuplot (window id : 0)

H dHe@e@a »?

Source Position

0291
0.29
0.289
Z 0288
0.287
0.286
0.285
0284,

view: 60.0000, 30.0000 scale: 1.00000, 1.00000

0 7.11: Source Location O O OO OO OO
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6. O Transfer FunctionD OO0 0 OO0 0O
O00000Transfer FunctionD O OO OPlot0 00000000 OO0OO,O0 712000000000
oooooooog
000000000000 DoooDooooooooPetD00000O0D0O0O0ODO0O0OOoOoOooOoOoon
O

©O®® MainWindow

Localization Transfer Function

Display Target | Display Type FormatiD 1

Num of Mic 4

g [y B FFT Lengthlsample]

IR Length[sample] 16384

Mic position Plot
Nl O ERE S B

M2PG
b2 T2 Amplitude " n

version

Num of Azimuth
Num of Distance

Source Location

o]

©O®® MainWindow

Localization Transfer Function

Display Target | Display Typy FormatID 1
Num of Mic 4

FFT Length[sample]

IR Length[sample] 16384

icindex for display Sampling Rate[Hz] 16000

Mic position Plot

version

Num of Distance

RESET Source Location

ERT—ES

O 7.13: Transfer Function 0 O O O (Display Type O O)
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oooooo
m Display Target 0 O

e ODOO
gboooboooboobooobooo
- gogo
- ODoo0oooboooooog
e XUODODOO
XOooooooooooboooo
- 000 O0O0oo0ooobobooobooboooon
- gboboobooboobooobooboobooboo
- 00o0oo
- boooo
Min0 Max O XOOODOOOOOOODOOOOODOOOOOO
gboooooboooooobooon

Min: XOOOOOOOODO
Max: XOOOODOOODOO

e YODODOO
YOOOoOooooooooooo
- gbobooboobooboboboobo
- b0od0bOoooobooooboboooooboooon
- gobgo
- 0DO000oo
MinO Max D YOOOOODOOOODOOOODOOOODO
gboabouodaouogogooaoo

Min: YOOODOOOOODO
Max: YODOOOOOOODO

e 720000
ZO0OOODOOoOOOooOoOoOooOooo
— Amplitude
- dB
— Phase
MinO Max 0 2000000000000 0O000DOOODOOO
0o00oo0ooooonDoooooo

Min: Z2O0DOOOOOOOO
Max:Z0O0OODOOODOOO
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m Display Type O O

e Mic (or SRC or Frec) index for display
O000000 (r000 or000)0ODODODODODO

e JOOODODOOOO
Oo0oo0ooooooooooooo
O00o0oooooooooooon
- UD00O0OD00O0O0O (undefined, dots, points, lines, lines_points)
— 00 (undefined, line, mesh)
- 000000 (undefined, pm3d, pm3d map, pm3d at b)

B REe@@a@ \?

Transfer Function of Mic No. 0

0.3

0.25

_ 0.2
plitude 015
0.1

0.05

view: 60.0000, 30.0000 scale: 1.00000, 1.00000

0 7.14: Transfer Function 0 0 0 O O

7. 000000000D00000DO0O0OO0Save00000ODO0OO

288



7110 0J00O0O0O0OOOO0OO0OOOO
e JO0O0ODOOOODOO,GHDSSOOO0DOODOOOOODOOODOOOO.
o ImpulseResponse-ListFile O] O O O TSP-ListFile 1 MICARY-LocationFile [ O

e JOOOOODOOOODODOOO.

Separation Transfer Function

Fmt

ABZAT @ (v NABE @ TSPIEE @ RANK version

FormatID

h /hark 'YOUR_PATH/MICARY-LocationFils . .

IR Length[sample]

LR U bt (G 16000 = Sampling Rate[Hz]
FETR[ ] Mic position

TSR

GTF

EREhE ® ERERL version

B (T RBOERE
B FEMOEMRL Source Location

B EREMOERE Transfer Function

Og715:00000000000000

Num of Sources

1. 000000OSeparationd 00 O000O0O0O0O0OO

2. 00000000O0DOOO0O0OoObO000
ooooogoo

e JOOODO
goooooooTSPOOO0O0O0OODOODOOODOO.
- 00000000 oDoOo000Doooo00Doo00o0oooooooooooDoo
- OTSPO0OOOCO TSPOCOOOODODOOOODOOOOOOOOO
- J000D0mMmo000ooDoo0oo0oooooooooooooooon
e MicArray File

goooboooooooboon.
7.1.700000000000000A0.

o TSP/IR ListFile
7.1.600 TSPOODOOOOOOOOOOO7.150000000000000000¢0
goooo.

e JOOOOODOODO [Hz]
ooooooboooooon
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e FFTO [ODOO0O]
obooooOoobooooobooooooon

e TSPO [DODODO]
oooOoTSpOO0 1000O0O0.00000000O0O0O0O0O0DOOOO.

e ODODOO
gboooboooboobooobgooo

ooogo
ooooboooooao
ooooogo
oooooboooon

3. 00000D0Create0 D0 000DOOOODOOOODOOOODOOOODO
obooboobooboooobooooon

oooobooogoo

oooobDOopetD 00000000000 OODOOODOOOOODOOOOOO
Oprplot000000O0O0DOOOO0ODOOOO0ODODOOOODOOOODOOOODOOOO
OO0 716000

. OMicPosition0 000000

OMic PositionD OO OPlotD0 00000000 O000O0O0O

(50 Gnuplot (window id : 0)

b rHe@@Q@ \?

Microphone Position

0.291

0.29

0.289

Z 0288
0.287
0.286
0.285

002 04 o5 08

view: 60.0000, 30.0000 scale: 1.00000, 1.00000

0 7.16: Mic Position 0 OO0 OO0 O OO
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6. O Source LocationO0 000 00O 0O
O Source LocationD O O OPlot0 000000000 OODOO

& 2me@@a i 7?

Source Position

>

C

0 7.17: Source Location O 0 OO OO OO
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7. O Transfer FunctionD OO0 0O 00O
00 O Transfer Functiond OO OO Plot0 0000000 OD0OO0O0OO7.18000000000000
oooood
0000000000000 ooDooooooooodpPet0 000000 0D0OO0OD0OOO0OOOOO
ooo
oo@oo72000)

©O®® MainWindow

Separation Transfer Function

Display Target | Display Type Fmt
version
wnng [Eiokd - FormatiD
MAX Num of Mic

FFT Length[sample]
IR Length[sample] 16384

s~ Ehe J - N sampling Rate[Hz] 16000

xmS~L  WEREE

Mic position Plot
4 =2od Pl Amplitude

GTF

version

RESET Num of Sources

Source Location

O 7.18: Transfer Function 0 O O O (Display Target O O )

®O® MainWindow

Separation Transfer Function

Display Target | Display Type version
FormatID
RT—yEM Num of Mic
FFT Length[sample]
Mic index For display IR Length[sample] 16384

Sampling Rate[Hz] 16000

PP T 20 lines Mic position Plot
=
GTF

Num of Sources
Source Location

O 7.19: Transfer Function 0 0 0 O (Display Type 0 O )

oooooo
m Display Target [0 O
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e 1ODOO
obooooobooooooooboon
- 0o0ooo
- boooobooooog
e XODOOO
Xoboooooooobooboooo
- D00 oboooooboooobobooon
- b oboobooboobobbooboaoboabaad
- 0ooo
- gogoo
Min0 Max O XOOOOOOOOOODOOOOOODOOOOOO
gboooboooboobgooobooo

Min: XOOOOOOOOO
Max: XOOOOOOOODO

e YIDODOO
YOOOOOooooooooooo
- 000 O00oo0ooobobooobooboooon
- 000obooooOoboboooboboooobooooon
- 00o0oo
- bDoooo
Min0 Max O YOOODOOOOOODOOODODOOOODOO
gbooooobooooooboon

Min: YOOOOOOOODO
Max: YODOOODOOODOO

e Z0O0OODO
Z0000000000OOOO004g
— Amplitude
- dB
— Phase
Min0 Max O ZzOOOOODO0OO0OO0OOO0OOOODOOOOOOOO
doodoooooooooooooo

Min:ZO0ODOOOODOO
Max:Z2OOOOOOOOO
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m Display Type O O

e Mic(or SRC or FREQ) index for display
O000000 (r000 orO0ODO)ODOOOOOO

e JOOODODOOOO
Oo0oo0ooooooooooooo
O00o0oooooooooooon
- UD00O0OD00O0O0O (undefined, dots, points, lines, lines_points)
— 00 (undefined, line, mesh)
- 000000 (undefined, pm3d, pm3d map, pm3d at b)

Gnuplot (window id : 0)

b eE@@@ N ?

Transfer Function of Mic No. 0

plitude
3 15

1
05

view: 60.0000, 30.0000 scale: 1.00000, 1.00000

0 7.20: Transfer Function 0 0 O O O

. DOUUoOoDbOboOooobDoOoboOoooooSael D OOOODOO
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7111 ODO0O0OO0O0OO0O0O

O00 harktool4 D00 O0O00OO0DDOOOOODOOOODO
obooobOobooooobon

e JOOOOODOODOOOOODOO

SPOOOOOOOODOOO

oooobobooboooao

ooooooboooog
e JOOODOODOODOOODOO

e IOO0OOODOODOOODOO

1. 00000000
HARKOOOOOOODDDOOODOOOOOOoOO/oooooooODOO0,apt-get0000000O0ODO.

sudo apt-get install harktool4_cui
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2.0000
ooobooooboobooooooboo

harktool4_cui [options] input-files

(O)ImpulseResponselistFile IO O0OOOOOOOOOOOOOO

ugboogogooaoo -18000 180 10000
gboogobgooobooo 16.7000
oooobooboood im

harktool4_cui

--mode template UO0O0OO# DOOOOOOOO
--output-file ImpulseResponselListFile.xml # OO O OOO0O
--output-format xml O #XMLOODODOOO

--output-type ir # ImpulseResponse 000
--azifrom -180.000000 # ODODOOOOO -1800
--aziint 5.000000 # 000000 1000
--numazi 72 #00000 72

--elvfrom 16.700000 # 0000000 16.70
--elvint 0.000000 # 0000

--numelv 1 #0000 10

--radius 1.000000 # 00O 1m

--cut-start 1 # 00000000 100
--cut-end 0 # 00000000 OO0O0OO

--filepath /home/username/D{AZIMUTH:%03d}_E{ELEVATION:%03d}_R100_ch{CHANNEL:%02d}.flt

[0DODO0O0DOoo:]

—help helpd O

-m [ —-mode ] arg 000 [template / tf]

-0 [ —output-file ] arg 0O O (defaultis STDOUT)

-f [ —output-format Jarg OO OO0 OO O [xml/binary]

-t [ —output-type Jarg O QOO 4O0O
(HOODOOO0OD0OO0OO [mic/noise/ir/ tsp]
)0000000 [m2pg/ gtf]

00000
00000000O0O0o0O0o00

e —nummic arg (=8) googoooo
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—azifrom arg (=0) gooooooo

—aziint arg (=5) ooooboooog

—numazi arg (=72) oooooooo

—elvfrom arg (=0) 000000000 0DbO0000DO0OO0n0-90degd D 90degd OO
—elvint arg (=5) oooood

—numelv arg (=1) ooood

—heightfrom arg (=0) 00 mO0OD0OOoOO0god

—heightint arg (=0.01) O0mDOO0000

—numheight arg (=1) oooooooooo

—radius arg (=1) oooooOobooooobooog

—synchronous-average arg (=16) ooboooooooooo
—original-impulse-file arg(=original-impulse-file.tsp) D 0 D0 OO0 00000 OO0OODO

—tsp-offset arg (=16384) 0o0oobooboobooooon
—tsp-length arg (=16384) goooogooo TspO0O0d

—signal-max arg (=32768) SPOOOOOOOO

—cut-start arg (=1) OooooooOoooooOooooboooo
—cut-end arg (=0) OooooOo0ooooOo0ooooboOoooooo
—mic-channels arg obooooooboooboooboboo
—filepath arg OO00oooooooooooooo

—nfft arg (=512) FFTOOOOO

—normalize-src gogooooo

—normalize-mic gogoobobbooogon

—normalize-freq ooooooon

—geometry-calculus arg (=0) oooobooobooobuoobUonbo :oboboboon
—sampling-freq arg (=16000) oboooooooo

—direct-length arg (=32) opoooog
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7.2 wios

721 OO

wios OO, HARKODOOODOOODOO 30000000 (H)ALSAOOOOOOOOOOO, (2)RASPO
0oo0,@3) Tb-BD-16ADUSB OO0, 00,00000000000000O0C.OD000O000O00O0O0 8000O
gbooooobooooboobobo,obo0b0oooobobobooobooboooooboboooooon

722 0O0O0O0OOOOO

HARKOOOOOOOOOOOOOOOOOOOO/000000000,apt-get000000O00O0ODO.
ob0oob0O0b0O00 HARKOOOOoOooooo.

sudo apt-get install wios

723 0000

wios 00 0D0O0O0O0O0DODOOOOOO0ODOOOOO0ODOOOOOOODODOOOOOODODO3000,00
oo @o,b0o0,000000)0,000000 (ALSA,RASP, TDBD)UOOOO0OOOO0OOODOCOOOOO.
Uo0b00o0obO0o0obOoobboooooboboooooOoobo oOooooO ALSAODOO0OO000O44.1kHz0O 20
OO0O0OOvoicewav OO OODOODOO0OOODOODOOOOODO

wios -x O -f 44100 -t 2 -o voice.wav

UO0O000000,HARKcookbook DO OO OOOOOOOOOOOOO
gboooboboooboobooooooon

oooono

o0 000000 -ror--recO00000-o00000O0 waveOOODOOOOOOODOODOOOOOO
booobobooobOoboooboobobooooboboooboobobooob0obOo0n da.wavd

OO0 :000000-por--play00000-i000000 waveOOODODOOOODOOOODOOOOOOO
obooboboooboobobooobobouoboobobooboobOobn ad.wavld

ooooog :gbogbnf -sor--sync00000-i00000000D000D0O00D00O0-o0O0ODOO
O00o0D0O0o0oooooooooodwieos DOODOODOODOOODOODOOODODODOOO

googoooo
ooooo,20000000 -xO -dO0O0OO0O0O0OO
ALSA : 000000 xeOO0O0000O0000-dODDOOO0.000000 plughw:0,0
TDBD : 000000 -x 100000000000 0D00-dDOO0O0O0ODO0ODOOODOO /dev/sinichusb®
RASP : 0000O0O0 -x 20000000000 IPOOOOO0-dO0O0ODDOOOOOOO 192.168.33.24
obooobooooboo,-xobooooobooooboooobooooooboooboooobooboooooo

Owios 0O00OO0OO0OOODOOODOOOOODOODOOO

298



e -t:00/O0000OO0
e —:JODO0OOOODDODOOODODO 16bit.
o - £:00000000O0DOO0OOODOO 16000HzO

e -c:JODOOOODDOOODO 1chD
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080 HARKUOUOOUOOOOOO A/DOOOON
EREEN

HARKOOOOOOOO ADOCOOOODOO0OO0 ADOODOOOOOODbOO00OOoO0obooooooboon
ooboooboooboboooboobboobbooboooboooooobooboooobooooobDoOo A/DOOOon
oooo

HARKOOOOOOD ADOODDOOODO3000000

1. System In FrontierD] Inc RASPO O O OO
2. ALSAO0ODOOOOOO (O ORME Hammerfall DSP Multiface 0 O O 0 )0
3.000000000000 TD-BD-16ADUSBO

ubobooboooooboobooooboooooooboa

HARK 1.00OOTD-BD-16ADUSBO 00000000 HARKOOOODOOOOODODOOHARK 1.1 O
00000000000 HARKOOOOOO0OOOOOOHARKOOOOOOOooOooooooooo Tb-BD-
16ADUSBOODOODOOODOO
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8.1 System In Frontier(] Incll] RASP (1 [ I [

OO0000OHARKOOODOOOOOO DOOOOODO A/DODDORASPOOODO (ODOOODOOOO
gooooO)boo0O,00 RASPO RASP24000000000.00000000000 HARKOOOOO
obooobOoooobooboooobooon

8.1.1 00O RASP

0 81: 00 RASPO OO

081000 RASPOOOOOOODDO RASPOOOOO 16chA/DODODO 2chD/ADDODODDODO A/DOD/A
oobooooooTeceipPO0O000O00O0DOO0O0DOOO0OOO0 PCOO ADOD/AODODOOOOOOOOOOO
gbooobbooobobooboboobobooboooobooboooboboobobooboboo
goooo

OO RASPO O0OOOOOOO

OO0 RASPOODOOOOOOODODOODOOOOOODOPCOOODOOOOO LANODODODODOO
OLANOODOODOOODOOODOOO0DOOOoO RASPOOOOOO IPOOODOOODOOODOOODOOOOO
oSSibOobOoooboboboobolrboboboooooboooooobooboobobobooSssipboogn
obooobOoboooooboboooooboooooobono

OO RASPOOOOOOOOOOODOOOOO

OO0 RASPOODOOODUODODODOODODDPCOODOO0ODUODOODOODODOODOODOOOO
000D000D0o00ooooooon RASPOOOO CODOOOODOOOOOOOODOOOOOOOOODOO
odooDoooooooooa

HARK OOOOOOODODODOOODOO RASPOODOOODOOODOOOODDODOODDODOODDOODODOO
000D0000ogoOws_fpaa_configD OO OOOOO0OOOODOOODOODOODOOOOOOOOOO
0000000000 000D0D0O00D0D00000 ws_fpaa_configDOOOOODO ws_fpaa_configO OO
O RASPODOOO0ODOOODOOODOODODODODOODOOOOOOOODOOODOOODOOODOO
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OO0 RASPOOOO HARKOODOOOOO

ooogl1oboooooboooooono

081000000

oono go
00 RASP ADOD/ADODOOO
OO0 LANOOODOODO | RASPO OO0 PCOOO
PC 00O RASPO OO PC

HARKOOOOOOOOOODOOOO 820000000000000 testOn O OO O OAudioStreamFromMic O
O ChannelSelector 0 0 O O O MatrixToMap 0 0 SaveRawPCM OO 00O O0O0OO0OD0OOCO0OOOOOOOOO
OO0 820000YDEVICE0000O0O0OOORASPOOOOO IPOOODDODODODOO (testn 00O 0192.68.0.1
ooooooooooooooO)o

./test.n
000000000 RASPOOOOO0O0OO 10000 300000000PCM 160000000 16kHzO

obooOobOoooobobobooboo RrRAWOOOOOOOODO

AudioStreamFromMic ChannelSelector MatrixToMap SaveRawPCM
node_AudioStreamFromMic 1 node_ChannelSelector 1 node_MatrixToMap_1 node_SaveRawPCM 1
AUDIO OUTPUT INPUT OUTPUT OUTPUT OUTPUT
Iterate
node_Iterate_1

NOT_EOF

0 82: 000000 (test.n)

082:.00000000000000

gooooa goooaa oon aooo
AudioStreamFromMic LENGTH int 512
ADVANCE int 160
CHANNEL_COUNT int 16

SAMPLING_RATE int 16000

DEVICETYPE string WS

DEVICE string 1920 680 007 1
ChannelSelector SELECTOR Object | <Vector <int >0 >

SaveRawPCM BASENAME string sep-
ADVANCE int 160
BITS int 16

lterate MAX_ITER int 300
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8.1.2 RASP-24

0830 RASP24000000000 RASPOOODO,RASP240000000000000OO 88,1600
ooooboooobooooboob ADbUObDOoooooo2ch0b0oono (b/A)ODCOODO,A/DOOO
OO000000000000 RASPOODOOOODOOOODO.DOO0RASPOODODOO 16bitODOO0ODOO
O,RASP-240 24bit 000000000 DOOOO ADOOODOOOODO

O000000 RASP2400000 TCPIPOOOOORASP2400 LANOOODODOOOODOOODOO
oobooobooooooooooobooooboobooooo uUsSBOooooobD LANOOODOoooooo
gboboobobooboobooooooboooooboobooonoo

OO000O0000 0D RASPOOOOOOODOOODOOODOOOOOOO AudioStreamFromMic 00O OO
ooooooboOoRASPOOOOOODOOOODOOOOOODOODOOOODOOODOODOODOOOOO
OO00,ws_fpaa_config 0O O0OODO000D0OO0O000DO0ODO0O0O00D0ODO HARKOODODOOOOODOOO
obooobooooboooon

0 83: RASP-24 000
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8.2 RME Hammerfall DSP O (0 0 0 Multiface AE

OD0D0DO0OOHARK OOODOOOODODOOODOOOOODO0OOODOOO0OO0 ADOODOOOOOO RMEOO
Hammerfall DSP Multiface 0 0 O O 0 O O O Hammerfall DSP Multiface 0 0 0 0 0O O O Multiface 00 0 0O 0O
HARKOOOOOOODOOODOODODOOoOoooooo

Multiface 00000 10ch A/DODODO 10chD/AODOOODO A/DOD/ADDOOODOOI0OchOODOOOOO
OO0 8chOOSPDIFOO2chJ000LInux 000000000000 000O0 ALSAODOODOOODOOO
O0000DoOo ALSAODOO0OO0OODOOOOoODoOooooooooo

Multiface 000 ALSAOOOOOOOODODODOOODODOOODODO ALSAOODOOOODO ALSAODOOO
dooOooSO0nDdpooOoOoOonDOon MultifaceDO0OO0OO HARKODOODODOOOODODOOOODOO
ooo

Multiface DO OO O0OO0OOOOOOOHARKOOO Multiface OO0 0O0OOOO0OOOODOOOOOO
0000000000000 D000O0Ubuntu9.040100040000000

8.2.1 Multiface 0 PCO O OO
RMEOODO 24bit/96kHz O OO OO OO ADOOOOOOO3000000000000
e RME HDSP I/O 0 O O O : RME HDSP Multiface AE[]

¢ RMEHDSPUOODOOOOO: RMEHDSPPCIOOOORMEHDSP CardBus D OO OO OO0
RME HDSP PCI-Express D0 00 OO0 RMEHDSPExpress 0 OO0 00000000000 O0ODOO
oooooo

e J0DOOUIODODODOOOD: RME OctaMic-IIORME OctaMic I YAMAHAHA-SOOOODOOOOODOO
ooooboooobooboooooo

ubogbobooboobobooboboobobbooboboobooboboobobbooboboa
gooooobooooobooooooboooooboooobopcoogoogon

Multiface 0000000000000 DOOOO

Multiface 0 Linux OO DO O0OO00 ADOOOOOOOOOOOOOOOALSADODOODOODODOO
OOMultiface 00 O0DOO000DOOO0O0ODODOOOODOOODODOOOOOOO0OODOOOOODOODOOOO

oooobooobOoobooobooobooobooboooboooboOoooobooboobooobooooboooooon
gobobooobogooboooooooobooobobooooobobooboobobobobDobDoboobboo
O00oooooooooo0ob00oDODO0O000000oooO0O0O0000d pulseAudioDO0DODOOOOOO
boboobooobooboooobooobooooboobOooboooobooooboOooooboooobooon
oood

U0bD0o00booonDALSADOODOOOO0OOO0O0OO0O0ODO00DOO0DOO0O0DO00DOOMultifacelOdO
OO0000 hWspO0D0O0OO0O00DODOO0O0O00OO000DO0O000DOOO0O0OODO00O00O0NspO0DODOOO0OOOO
000000000 Ob0HARKOOOOOOOOOOOOOOOOOoOOooOooo0Oa
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ALSAOOO0O0DOOOODODOOOODOOO

ALSADOODOOODOO0DOOD (alsa-lib0d alsa-driver) 000000000000 O0DOO0O0OOOOOODOOO
googbgooobobooboobgoobobooboobo>-booboboobooboooboboo
O0000000000D00DOOalsa-libOalsa-drive 0000000000000 DODOOOODOOCOOOOO
Oob00O0O0VersionOOOOOOOOOO0ODOOOO0OOOODOOODOO VersionlO0O2400000000000
gbooooooobobobooooooooboboboboobooboobooDobOoboOobObOD Version 10

o024000000
> cat /proc/asound/version

Advanced Linux Sound Architecture Drive Version 1. 0. 24.
0000O0O00000b0OOO000OO0o0000bOobOO000o0oObOoO0o0o0oobOobOoOOo0ooooOoOOoOa
oooooooo

Multiface D00 0000000000000 O0O0O0OO0O0DOOOO0ODOO
oooooooooobobooo 200000

o alsa-firmware-loaders

e alsa-tools-gui
ooooooooooooooooooon

e Synaptic OO OOOOOOO

e apt-get

OOo00oooooOooDOoOOODOO000oooDDooOOOoOoO0O0OMuttiface000O00OOO0O0OO 300
obooobooooobobo

o hdsploader (Package : alsa-firmware-loaders)
e hdspconf (Package : alsa-tools-gui)
o hdspmixer (Package : alsa-tools-gui)

apt-get 0000 OD0OOOOOOOOOOO

> sudo apt-get update

> sudo apt-get install alsa-firmware-loaders

> sudo apt-get install alsa-tools-gui

0 O 0 O multiface_firmware_revl 10 bin 000 000 0O O O alsa-firmware [0 alsad WebO O OO OOGOOO
000000000 (http://wwwO alsa-projectd org/main/index] php/Main_Page)d 2011/12/13 00000000
000000000 100024 0000alsa-firmware-1000240tar0Dbz2 0000000000 OOODOO0O
0000000000000 D0D@modoodDooo0ooooooooDoDooDmoooood
0o0o00oooooooa

0000000000000 0O0O0OO0O0OOOOO alsa-firmware-1000240tarbz200000000O0 0O O bunzip2
Otar 0000000000 OODOOOOOODOOODOOO0DOOODOODOOODOOODOOOOOn
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Vv

bunzip2 -d alsa-firmware-1.0.24.tar.bz2

\

tar vfx alsa-firmware-1.0.24.tar
alsa-firmware-1.0.24/
alsa-firmware-1.0.24/multisound/
00
configll status: creating aica/Makefile
configll status: executing depfiles commands
make
sudo mkdir -p /lib/firmware/hdsploader
sudo cp hdsploader/multiface_firmware_revll.bin /lib/firmware/hdsploader/

sudo cp hdsploader/multiface_firmware_revll.dat /lib/firmware/hdsploader/
U000 hdspOOOOODOODOOODOOODO MultifaceDOODOOODOOODOODODOO

>
>
>
>

hdspO0O0OO0ODOOO00ODO
000 hdsp O 0O OO0 hdsploaderl] hdspconf(] hdspmixer D 0000000000000 O0OOOO0OOOO

e hdsploader

hdsploader [J [0 multiface 0 FPGA OO 0O 0O 0O O firmware O O O O O O multiface_firmware_rev11.datl] O
O00000OO0o0bO00bO0b000ob00obDO0o0obDOb0ObOO0O0ObOobOOgDOnO (Hwdep ioctl error on card
hw:0 : Deviceorresource busy.) 00 00000000000 OOODOODOODOODOOOOOOODOOO
O02000000000000000000000000OSOO00O0O0O0DOOODODOODOOODOOO
00000000000 oooooonooooon
# hdsploader

hdsploader - firmware loader for RME Hammerfall DSP cards

Looking for HDSP + Multiface or Digiface cards :

Card ® : RME Hammerfall DSP + Digiface at 0xf9df0000, irg 16

Upload firmware for card hw:0

Hwdep ioctl error on card hw:® : Device or resource busy.

Card 1 : HDA Intel at Oxfdffc000 irqg 30

e hdspconf
hdspconf 000000 OMultiface 0000000000000 0OO0O0OODOOOO0OOODOOOOO
0000 Multiface OO O0O0O0OD0ODOOOOOOO0 8400000000000 0O0OO0OOOOOODO
000000000 D32kHzO 44.1kHzO 48kHO 64kHzO 88.2KkHzO 96kHz 0 O 0O 00 0O 0O O O 32kHz
ooooooooo

e hdspmixer
hdspmixer 000000000000 GUIDOOOOODOOOOOOODOODOODOOOOOOOOOO
00o0oos8s0000ooooooogoon

8.22 Multiface OO0 HARKOODOOOOO

ubooobooooboboooobooog3ubon
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Card 1 (Multiface) | About |

Sample Clock Source SPDIF In Pref. Sync Ref

0 AutaSync © Optical © Ward Clack

& 32,0 kHz & Coaxial O ADAT Sync

© 44.1 kHz © Internal & SPOIF In

© 48.0 kHz SPDIF Out & ADAT In

© 64.0 kHz T ADAT1 AutaSync Ref.

6 BE.2 kHz [ Prafessianal Input ~ -----

£ 96.0 kHz I Emphasis Freg. = ==----
SyncCheck [ Non-Audio System Clack
ADAT In Ne Lock | SPDIF Freq. Moce i
SPOIF In Nao Lock | **** Freq. 32.0 kHz
WardClack Ma Lock
ADAT Sync Mo Lock

084 000000DOOOOD

W input
T Playback

W output |

1 Submix

Presets

ggs:goooooboooogn

HARKOOOOODOOOOOOOO 820000000000000 testnOO0O0O0OOOOOOOOONO
0000000000000 00000000 8400000000ODEVICEDOODOODOOPCOOOODOO
00000000 DO0O0DbO0O000O00OO00ODO0o0o0ooOOOnplughw:1000 Multiface OO ODOOOOO
ooo

> ./test.n

O000000O0OMultiface 0000000 10000300000000PCM16000000032kHzO0
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083: 000000

ooo oo
Hammerfall DSP Multiface ADOD/AOOOO
Digital Audio CardBus Interface | Multiface O OO0 OOO00O PCMCIAOOODOOOOOOODOO
Octa Mic goooooooooo

0 8.6: RME Hammerfall DSP Multiface (front)

O 8.7: RME Hammerfall DSP Multiface (Rear)

obooobobooooboboooboRrRAWOOOODOOOO
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O 8.8: PCMCIA CardBus Interface for Hammerfall DSP System

0 8.9: RME OctaMic (Front)

O 8.10: RME OctaMic (Rear)
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084 00000000000000O

oooood oooood ooo ooo
AudioStreamFromMic LENGTH int 1024
ADVANCE int 320
CHANNEL_COUNT int 8
SAMPLING_RATE int 32000
DEVICETYPE string ALSA
DEVICE string plughw:10 0
ChannelSelector SELECTOR Object | <Vector <int >0 >
SaveRawPCM BASENAME string sep-
ADVANCE int 320
BITS int 16
lterate MAX_ITER int 300
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83 UUUUUUOOODODDOO TD-BD-16ADUSB

O0O0O0O0OHARKOOOOOOOOOOOOODOOOoDOOoDbOOoOooO AbOobOobOobobobooboo
OO00000 O IneeviumOODOO00O0O0DOODO TD-BD-16ADUSBOOOO00OOOOOCODOOOODOO
TD-BD-16ADUSB OO0 16ADUSBUOO OO0 HARKOOOOOOOOOOOOOOOOOOOOO

16ADUSB OO OODO 16ch A/DODOO 4chD/ADDDOOOO ADOD/ADODOODOOO1I6ADUSB OO
oooooobo0ooooboboooobdbLnx D000 0ooOoooooooobooboooooooo
boboooooboooboooooooboobobooboobooooooobooboooobooooboooon
gboocooobooooooboooogooboon

16ADUSBUO 00O 0DOO00ODO0OODOOHARKDOOO 16ADUSBODOUOODOOODOOODOOODOOODOO
OO00000000D0ODb0000D000Ubuntu 10040000000

83.1 16ADUSBL PCOODOOI

16ADUSBOO0000DCOOOO0OODOOO0O0DOOO0OOO PCOOOODOOUSBOOODOOOOODODOO
gboooboobobooobobooooobooooboopco0OonoOoDO

832 16ADUSBLU UL UODUOODLDOODLDOODODO

16ADUSBOO00DOOO0DOOOO0O0O0OOOODO PCODODOOODOOOODOOOOOODOOODDOOODO
gbooooooboooobooboobobooboobooooobobooboooOooboooOoobooOobooon
obooooOoobooooboobooobooboooooboobooooboobooooooo

8.3.3 TD-BD-16ADUSB L U0 HARKOOODOODO

ooooboooobobooooooobo8sonbooo

085000000

ooo oo
TD-BD-16ADUSB A/DOD/AODOOO
PC TD-BD-16ADUSB O 0O 0O PC

HARKOOOOOOOODOOOOO 820000000000000 estnOO000ODOOOOODOODOO
oooooooooooboooooD senDOO

[> Jtest.n j

OO0O00O0O0O01eADUSBODOOODOOO 10000300000000PCM 160000000 16kHzO
obobooOobOooooboboboobooRrRAWOOOOOOOODO
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gge:d0oooooooooogn

oooood oooood ooo ooo
AudioStreamFromMic LENGTH int 512
ADVANCE int 160
CHANNEL_COUNT int 16
SAMPLING_RATE int 16000
DEVICETYPE string TDBD16ADUSB
DEVICE string SINICH
ChannelSelector SELECTOR Object | <Vector <int >0 >
SaveRawPCM BASENAME string sep-
ADVANCE int 160
BITS int 16
lterate MAX_ITER int 300
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