ND'OIAMIIN N;

17'N"12

NOTIN? NL2IPAN

NININ TIA'W? NTAVUNN

Voice activity detection (VAD)

NININ TIA'V7? NTAVN2

|Ini7?0 Mn

[P Mar
NOTINA IR ININ NRIPY ‘T NIY DP'NY

A12]T'R TVU'ANR :nNdN

N NY '9Mn9 MMTpR NNan

2023 "IvpIN



D'V DN

S F TSSOSO VPR PTTRPRPRPPPOO NN
ST PTTP PP ROPP PO PROPPTOTROPRRPPORN nITn
D ettt ettt et he b et h b s e eR e b H b ehe SEa e e s ea s e e ea e sh nen e e b b s aen s N'van naxn
7 e ettt bt h e s ea et b a e eh etk ke h s et a4 ekt he s et ekt eteae s £t ettt ek neh £t et et eae b ene st Iy um
O PP UPPRTPRN |NN9 NIQI?N 2w NN
] ST TP TSP U PP UPPPRPRRPRPION NN1'N2? NIAONIE NNAIN DLW
OSSR TP PORPUPRP NN1IN NL'WN wINN
N ST PP PP RURPPPPPP niaponi Din'o
L TR Jwnin? nnirva
5] 0 PSS PUPRTPPP pLapbliyatal



1NN

NPINY NTNY2 2w DTN NIYXARA 21D 1T RWIIL DPNON VINIAAL 122N D7WN DR AIXA DT DP9 190
11NN YT NITYA (N1 1 AR TINTNEYUI 2 D210 DXL 217 10T NpInY N2 27N 0122 nTopnoa
JAMIRXIN NN 192 DI9NP™M YN WIN'WN Uniann

¥ DN2IN D'VDO NLRTA NYANWN 2TINN NPITAL IR 7AW NONT 1IN [IN'A TIj NIYXANA L [IWRIN 17w1
1717 172 Q012 . MMKN D71VNN NIWYIN NID7pn [NIY 220 NRTAY NLDRT XY NIn 2V WHAMI LibrySpeech
D'222'0NN TNN 72 112V TN 2W D70 NAAN NRTAY DIXPI9 12V 117090 MMKN D21V7 NONTA DR N TIY

7NN %W 0700 NARBNY wUNn 222100 2 N'XI71221p N71Va NUXIALTDYRIPR DDA DTAM DY TN Y72NI0

712V DMWY, 19NN N'WA 112V TN Pytorch Nitva npimy nmn% v 091 nwi?w 1111 ,1wn 17wa
D'2TINN .222'00 22 NUANN NYIT AR DX DTN "W 2TINNY KN DN 27200 D1I9NP'M NYUAIR 72 1un
NN NIQQW 1901 DY NpINY DRI NWI 2V D'ooIan

2TINN 12 ININ NINXINN .12V AR N2 2TINNY 0122210 22 NDRT 72V D9 TINN 72 DOL VN ,'WHYYn 1%vA
9TINN TWNI MIVAWN 119'Y WY 1NN |2 1021 .'DOIPX 77N1 WUl 22 022710 D1AXNA DA 21T 21 1RT uXan
.NVUANN NUIT NN NTIN D2 RIN WK 21T N1 TIV Q' DRI19NP'M NYUAIRA 'ANN NDNRT 2V Iy

,0'DD NDNT DNINA VUANY NDXT 2V 0712, DP'N9 1212Y 07 TINN NWI?Y %2 ROC 912 NXI2 D'NON NINXINA
NN NITNY YT 'wwnN 27NN 90122 DI9NH'M NYUAIR DY 'wHYN1Iwn, TN (19NN 7w NDRT DY [IWRIN
27N NR Naw! 17X NI9DINY 1NN MYWN WIYIREDYTINN 2119 NIKYY (N1 222100 7¥ nuann Nt



niTm

122 DAIWN D'RWII2 2N VT 22p7 11T AT L' N9

1T 178 NIRI2NA WNRNWNY7 XL ITIR NINIK 72 NRIDNN DK [MaX? TD TR ITINNINIRTAY e

.00 UNAY

D'UNWNN NPINY NT'NY 22 017710 110 2V 13TNY 0PNy NTN? 22 09 TIN NIUXARAAIND? D7) e

.N21221 NTION NIXA Pytorch piinmMaa wnnwin’ IR 13T721.9Tmn NK 1aw71 [NN? X121 ,21'07

.DINN2 TI2V1 IX PN WK, TNUL 11112V 21 71V 202 0198 DINYID WY VTN

NI127200 YI'ON 2V ,NIAA [NW '9N9,MTpRN IRINK?1,2121TR TUIN 17,1198 NNANY ATIN Tan7 121X

.ANN7XN7 NIAY NN, D12 TIT'VIENAMN 127 17910 0N .LP'NaN 1A% %1 717NN nupwnnl

D'2271 12" X7 09221 DNANNND DMINNA PIOY? NNWARN 2V [7'8-121 ND'DI12INY NITINYG D'XN D 1N
NN ANUN NONRT X1 2TIAN DR PR71 NIAY7 T2 NINIR TI2'Y NTAVNR21 DMIY2 nwnn NN DIpna

.LP'Nan NN7xNY

IINIX NHZ7 12'WN AT DP'NANN NIRNNMY DUIPATL,IIAY NMIVAYA QYN NN AT DPIN9NY DMK 1R

TNyl DA

n'Van Naxn

4



voice ,12'T 1T 9212 12T PTIR TIA'W DINNA DR DAY TN 21 Nin (VAD) n'ip niv'va in
NIN N2 LPY 'WDOP 27 12T WO |12 ['NANY NN NNPUN MDA LITIR TIWIENN92190 IR assistants
DTN TN D120N 22 NIZWRIPIFTN 119'WA UNIN THan X700 an TR

012711 D'MIA 190N W2 MANKN n'Wa NN, VAD IMi'wn ninnY ,NNT Dy

D'"N1I9 097010 2NN ,NIIAN NIDOIPN NIAA0A DIV7PIN AT NININ: NIDDIPR N0 NNIY e
D' TPaN?1 D'RNNY? N710'w VAD N2IWN (12202 [1NL NKD .0'WUNI DNING D'ANNY TUI D'opY
.012IW WUl '8N

191) ONNY I DI9NH'M 190NN T273W I'TIN 019712 'MINKN 021V D12 DMWY IXAY-1 PTING e
VYTn? Nlun NN? N2''N XNY [11N-VAD 1 N2 NIANA 178 NINNY-11 NIL7pn .(']\UT]TD. NN1IY
DNV A NIVI9N 22 NNWaN?1 amn

NIAX' NI9YI D'RLAN ,0IY D71PAT 12 'NAN7 NIIX VAD NIDwN: 071pnia Drinw? NNt e
J1'707120I8 NI NN 0921pmin Ny

. T92 X710 N7 X' 21p0 jpm 2w (DOA) nuann |1 Man ,0mion omiwta: DOA NT'N DY NUNbin - e
J91wn yny 1AW 21 22 axtpi? ,(beamforming)nni?x 21wl N1 o1 VTN wNNwNn? NI
J'DOYIN N wAITA 22710 1NK NN DOA n'n v VAD 1i7'w

MILPLIIIN Q1A T2V NINMPN-VAD N NIXWN NIR 19YY7 RIY 117Y DP'NAN ,N78 DNANKR DY TTINNNY 12
TI277 9TIN? MWarN 1T MILHPLIN .0MMIQDNDI (CNNS) NIMIXIZI221H NIAXY NINYWI N22WNN NAYTN
JUDDIPR NNIYY (DY IR NIYI9N7 ['ON) 'DDINY MIX 19N NN LIFTIND NINA 221731 'Iipn Mwpn uTn

D'NIY" N2IWNN 2w N2UINN NN Mawn Awr (DOA), nuanin |11 1K NITNY N712'N DX DRANA 12X )20 Nt
NN NMIVAYN 72'Tan7 2210 NWIN 1T 9011 NAIAN .ATWI NIN'Y NIDWNI 71pA D'O7WIN 0'NIN DN'YIN 1ND
N 2'WY IMIN 9 N, 0aTn 271

JN'VNNN MIXA A'VAN NaxXn

— 197 7Tinnn x(t) 19NP'M ¥ N0 NIX NN
x(t) = s(t) * h(t) + n(t)
Room-Impulse-response , RIR- 2 nuITN 1TNN 72 0700 N2 KN h(t) TnTinn X2 NI RN s(t) "WwWNa

NNI71221p0 N21WA N * -1 19NPN7 12T A

o

X*y = z x[m]y[m —n]

n=-—oo

—n793n2 axp |)’JT'7 n"Ma MNNN Iv'Nna nua ﬂ'XI'?I].]IDﬂ NN 2X]
x(LH) =10 - s, O -h(@ D +nd, 0N
AWNI
1€{0,..,L—1}andf€ {0, ...,F — 1}

-l NN TA™MID'M™MaOn ™M'N 0N



F-1

(

10, Zs(l,f) < Th
w={ =

1, ) sq,6>Th

b2

NIN VADR ¥ ITHan .0Mp1 NINIXR 112V 1127 01 112V 90N IV IR VIapY [N (10719 [nt nn? nwa

WU TATINNA NI NN AT NINAR Y 0MMAa 1781 VIap?

Vi) =pdd =1]x)

77NN AP NTN2 277N T 0NAY 210 7w DMNDPZRN NINIRD 'R 217 10T 28 Dpiny nTn? 27ina

AT A NY IR DT ORD YVIAP21T WUl 22 NINIROA 'WIAR 21 7@ DINIRD DK DINT? 119



Yy vym
NUNTIIX!

LibriSpeech Dataset

NN NT'N? Nin'wni (ASR) 'oNIDIX 1T 1N'T 22 DINNA '0'01 ARWN KIN LibriSpeech 9w Dniman 1un
UNwIIT 7AW NIMIZI220 DITHA MIVAYAN ITHAn NIATA 2N (91N 1210 KIN. 1T DNIYpn

N'22N11pN

NIN. DTIWP DNINNIEAT TIAW-ASR 2 1pNn DITH Y@ Npwn Mona 1xa LibriSpeech Y 0niman 1wn
NN ,UNY Mo 2w q0INA 1TA1 DIININ TIWA. YAWAI T 1NN N7'0P N2 'MW YARn T Y NNia
19W (120N 'WADN 12T AN TINT MIK 9N

n11nn 2w 01211 0'VA'A AN |707 .'TIN 90 Y DIXV QOIX 1110 '] LibriSpeech 2w n1iman 1Mun
HplY)

N1 .D1IY DNA0N I N72INA D'DOPL W IFTIR NIV7PNN 120N DININ YN :IPTINIMY - e
.D1IY PN MY 0IRNNY DNINK J9INY NN ,NNRNT 12X |11 DPAI0N 7N ITIN

[N 972 T2 DPAION N7R DYP'MUN .O'NNN DO 217DN7 NJNIYWN YNW NL?PN 72 :0OPL 219NN e
2pNN2 LN %YW NIRIY NIN IWarRY NN L,n7'nn N1 |NEbawnn NN

DIPINY NN'DAN ITAPI7N . NANEANTY1, NN 2712,0071X'9 190107 71NN DIMIN VN :21x'a e
.D"DITILO D'XINA DAY DY TINN NX PITA21 NRN? ,NNA9% D910

¥ D17TIN MYIN? 71V 21 ARWN7 INIK 191INY NN ,mivawnn 1772 Vit LibriSpeech :0nima %71 e
12T 21N 7Y NIYY 1998 NNWY 21210 021NN VR .0piny nmn?

NN 09011 DN KLNA WNNWNYT [N DA [N 122 02T VTN D3 7712 D2IMIN YN DaImyTn e
'aNxao aphn nntpn iy

NnI2'on 11272 Nwpn 1pnnl Automatic Speech Recognition DiNN2 TIXN Mivnwn LibriSpeech 1ann
NN

NT'N7 10012 ASR 17TIN IN'N? TN TV 17 1ARNN 7Y N0 DRININ QOIN :2IMANTN NIPA[INNK. e
NIAILN NINXING 2'2NY NN ,0NLMA 1Y DY D'9TIN 11271 NNY97 DNPIN TWaNA 17TIA .npiny
.0INNa NI

. ASR n2wn wixa n2wn? benchmark 1axn% 9, LibriSpeech 19w aman win'win Ywa :aNiwn e
JIIN NIRIYD NNWARAN ,NIAIN M0 NIXIAP 20 077N 11vn? 0712 0Npin

QT 'OI9T W AN INIK J19INY NN ,MIMRD 071V1 YN N90N 1121 1ARNN [2IN JNIMRN D21V270T e
.0"Yun DMyt au'n 0u1a ASR 270 nNan? 21N AT 01NN .0RNYAI D1'YaD

-VAD N N2wn 2w N0l |IN'N? '0'01 212N wnwn LibriSpeech 2w 0iman 1hun ,1n%w bprnaa
922, 127w NN NIAMNALDINYG D'MIN 17w DYDITIDON 0Y71X'ANI NDRTN 772,172 WY [2mn. 7Y
nawn? TIo! AR IR LibriSpeech 2w Dniman 1wn 107w 0MoIni-VAD 0 7Tin %w 0'o192a pnuniy
JINTPNN NINXIN



WHAM Dataset

LITIN PN NT90 %W q122 uan oipn oain WHAM (WSJ0 Hipster Ambient Mixtures) 7w Dniman 1nun
.1%9w Apnnn bR TNIMA

DINNA IPNNN NN OTP? NPV Mona Xl WSJ0 Hipster Ambient Mixtures (WHAM) 92 DnIman 1un
2 'wiw? mn, "WSJO0 Hipster Ambient Mixtures", Inw. ynw 11pn nTan v

Wall Street Journal Zero Resource Speech Challenge (WSJ0)

:0"2ININ 1NVN N1an

A17'Y NI21NN NID7pN (W, ITIR 0'0pM 0Iv¥N)1 WHAM 2w DRININ YN N2 ITIN W Do @
,0'99IN 02NN 21 NNIPAR DAY MMKN 071V D'YNIN 0'PNNR 178 00PN, DIIY 21 NNIpR 7w
.UnY NNIipn NT19n7 DIMNNIRZN 112U NNANKA RN DI

NN P X7 7710 RInw XIn WHAM (WSJO0 Hipster Ambient Mixtures) NN TN'NY nn PN NINIK. e
ININ NJQIN ITNITIN' NN, D'OPAN NIXR DUINAN O'TTIAN UPNRN NIMNIK IR D2 X7X 21UAN vnwn
AN NTan 2w 07N %W 02 N2V DTN TWaArnn ,Npian 01Iim vn?

(Npmn 12) 0MiIMN NN DY 782 0197120 ,00pM Y 1R DO nY'xn: WHAM Dopm jinn- e
NININ 7¥ NIADINN NN PN RINY 1120 21N RID AT [H2N. (RU11112T [123) D117 X2 nnipni
.MMNN 071V2 0MIY 09pnaY MmN

NNIY IpPNR NIYAT 2V 0I1IVN 001 NNIAT 1ANDA PTIR NID7PN PA0N DDININ VN :NNAT AN e
.TI2'W NIPRAL 2w AN (1217 NIRNRND NDANI

,NINTIZI IR NIDYAZ NpI70 T 20 021010 NTNY7 1pN2A 22100 anina pa1 WHAM ool IRk 71x'a e
[P TTA NN N ,NINN NXIAP 2V 1Un21 TAR DO 2V 07T PR? (NI NNLAN IT NpI7N. LOL
.onmi21217

,UNWN 1pn NTan Dinna nnixv niwn ' (WHAM WSJO0 Hipster Ambient Mixtures )?w Diman 1nun?
NI2'0 NN 117 IPNAN PN TN THAN KNNI

,NNPIan N7 2u n7pn -WHAM 2 0'2un pnt PTIN NININ AW 17700 :Supervised Learning
|'2 NI7'WIa TMaN? 0'212'Y 077N NNA? TWaNn AT, NNIPNR NTI90 2w 097N IR N1 N
VT IN DPTINN AT TITA N ,unw NNpnN

NIANYNA D'MIMIN X7 DA DMIMN NNIPNR 7Y DRININ VN %W A17'Wn :D'NINXND DO e
NP'TA NN IWARA RN AW 192 K710 X7 DT OTYRN. MMRD D71V2 ITIR 'WNN 9pwn NITDoYRN
.D"YYN D'MIYHL DN DTPANNN NNIPR NTIan? DN 7Y

VN N2 N7 'uamn NR Max: WHAM (WSJO Hipster Ambient Mixtures) DI A nRiwn e
NT NINR 210 271NN 'WINM 7Y ARIWD IWaRD DT PTIR NN DTan NIN'wN? pan'xaa 0naima
JDIMANNI NN 1NN NINXINY N'LAN1,NIooIaN

119'W1 WUI |11'02 DIt o'knn WHAM 2w DRINaN YN ,NNpN NTI90? 12N ;001N Dniwt e
JITIN TIAW 2 NN 2NN DINNA DRIY 17N 21 1IPN7 NIIATIN NPA0N ITh NINRN. 1T

niN'a? 7o' |axd wnwn WHAM (WSJO0 Hipster Ambient Mixtures) 7w 0'aiman 71un 127w bpnaa
D'Y'MINN DY TN, D100 UPALIFTIN NINIK 7Y 'Y QDIND. 12T NIZWa 1Rt 0MNnngR N2l
.VAD n N'"I71220 7w NI21220 N9'NT? 0'Wron , 19w DUNIN'YYAN



Room Acoustics Simulation
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Room Impulse Response (RIR) Generator
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Optimizers
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Stochastic Gradient Descent (SGD)
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12TV 772
Bepr = B — - V] (B X, y")
IWN]

tINTY IWMan ILpIRIN G, e

NTNN AP NN e

i NNX NMAIT 12V D190 NexpIa Kin J(8g; xL,yY) e
DIN'TANNLIAIRNKIN Ve

RMSprop (Root Mean Square Propagation)
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Nesterov Accelerated Gradient (NAG)
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Adam (Adaptive Moment Estimation)
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Model Evaluation
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Confusion Matrix
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- Type | Error
Actual
P g 2
ositive False Negative (FN) True Positive (TP)
+ Type Il Error

Accuracy

.D'YaINN %2 71NN [122 DANONN DWYAINN Y'Y DR TTIN KIN. AT NIWA? DIWA TTA NN PI'T

24



Number of Correct Predictions
Total Number of Predictions

Accuracy =

Precision

2NN NIETNNN 72 7INA (D'NMRN DIANN DMTNN) NIMIMRD DEANN DITNNN 7Y [770 DR TTIN pirm

True Positives

Precision = — —
True Positives + False Positives

Recall (Sensitivity)

.DNTN VN 2V192 NIAINN NIRNINN 22 1NN NENMRD NIANN DITNNN 7W P70 NN TTIN Recall

True Positives
Recall =

True Positives + False Negatives

F1 Score
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F1 Score = 2 X

Precision + Recall

ROC Curve and AUC
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True Positive Rate (Sensitivity)

Perfect
classifier

AUC

False Positive Rate (1-Specificity)
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Deep Learning (DL):
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Deep Learning Frameworks(Pytorch)
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Hydra
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:activation functions
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Deep Neural Networks (DNNs) fully connected
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:Backpropagation
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Convolutional Neural Networks (CNNs)
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Transformer
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