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Berynienue

[ ]
['orocoBast akTuBaINsI

(Keyword Spotting, Wake Word Detection)

Hetexmus ¢ MUKpodOHa 3apaHee 3aIaHHON KOMAHIbI
(wake word). 3amyckaer BBIOJIHEHUE ONPEIEIEHHBIX EHCTBHUIA.

3amnuch ¢ MEKPOGOHA B PEXKUME PEATHHOTO BPEMEHH

Heobxoaumo B pexkuMe peajbHOrO BPEMEHN ODHAPYZKUTDH 3apaHee
3aJIaHHYI0 (hpasdy, ecjiu OHA ObLIa MPON3HECEHA
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Berynienue

L]
['orocoBast akTuBaINsI

(Keyword Spotting, Wake Word Detection)

MCHOJIBSyeTCH JJId aKTUBaAIlUM:

e Tosocoseix accucrentos (mampumep, "Ipuser, Cupu" | "Oxei,
Tyra")

@ [oT ycrpoitcTs

Exarepuna dyiikosa Keyword Spotting



Berynienue
[ ]

Merpuku

o KOHI/I‘{GCTBO JIOZKHBIX Cpa6aTbIBaHHI7I B HacC
(False Accept Rate per hour)

o IIponent noxubix orkiaonenuii (False Reject Rate)

Exarepmma
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[esib pabOTHI

OOy4uTh MOJIESIb TOJIOCOBON AKTHBAIIAN

TpeboBanusa Kk Momen

o Huskuii ypoBenb Jjioxkubx cpabarbiBanuii (FA rate)
o Huskuii yposennb Jjioxubix orkionenuii (FR rate)
@ YCTONYMBOCTD K BHEIIEMY IIIYMY

o Low footprint (BocrponsBoauMocTsh Ha MOGUIILHOM yCTPOICTBE,
MUHUMAJbHAs HATPY3Ka Ha Cpu)

o MunnmasibHast 3aJepKKa [IPU OHJIANH-/I€TEKIIAN

CioxxHO 100uThCsi OgHOBpeMeHHO HU3KHX FA rate, FR rate, low
footprint

puna Yyiikosa



Berynienue

MexaHnn3m padboThI

Audio

Log-mel spectrogram

O

Neural Network

_ Probabilities

“I
detected

if p > threshold => detected

Cxema nerexiun wake word B IOCTYIIAIONIEM a0
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[IpeobpazoBanne ayauo B log-mel criekTporpammy

CrexTporpamMma curHaJia s(t) MoxKeT GbITH OIleHEeHA Iy TéM BBIYMCJIEHUs] KBAJPaTa aMIIUTYAbI
oxoHHOro npeobpasosanus Pypbe curnasna s(t), cieayomum o6pasoM, e W - HEKOTOpas

OKOHHAasI PYHKIUA:
spectrogram(t, w) = | STFT(t, Lu)|2

B nannoii pa6ore ncnonbsyercs okno Xanna (Xennunra), rae N — mmupuHa okHa

2mwn
w(n) = 0.5 (I_COS(Nfl))

melspectrogram(t, w) = spectrogram(t, w) * weightsmatrix

logmelspectrogram(t, w) = log(melspectrogram(t, w) + €)
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CYLLLGCTBYIOHLHG nccJjie 10BaHn A

o Small-footprint keyword spotting using deep neural networks
(2014)

o Convolutional Recurrent Neural Networks for Small-Footprint
Keyword Spotting (2017)

@ Sequence-to-sequence Models for Small-Footprint Keyword
Spotting (2018)
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ApxurekTypa cetn

[ Encoder ]

A A \

X1 X2 X3 XT

B kauectBe Encoder ucnonesyercs 1-2 caos GRU, hidden size 64-256

Sequence-to-sequence Models for Small-Footprint Keyword Spotting,
2018
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Pasmerka nanHbIX

X 120 ai t ong X ue

Sequence-to-sequence Models for Small-Footprint Keyword Spotting, 2018
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Pasmerka nanHbIX

filler filler labell label3/ filler

N
000000000000O11000 J.fl.
: : xK ;

wake word 1 = labell + label3 filler filler labell filler filler ~

wake word 2 = label2 + label3 00000000000000000 J.I’_
o , 8
filler filler filler label3 filler -
00000000000Q0OOQOQOQOO J.rl.

HpI/IMeHeHI/Ie MeTOda Pa3METKHU JaHHBbIX U3 CTaTbU
K pacCMaTpUBaeMbIM JaHHBIM
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Pasmerka nanHbIX

Vccnenosanue
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FA_assistant 29.62/FA_assistant_29.62/th_0.6
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I'padux FA rate mpu obyuennn
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PasMmerka mannbix

filler filler labell label3 . filler

N
00000011113334000 {I'
filler filler Iabelleiller filler -
00000011110000000 ".'i.
filler filler filler IabeIBXfiller s
00000000003333000 {I'

MCHOHB3yeMBIﬁ METO/[ pasMEeTKU JaHHbIX
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Pasmerka nanHbIX

5000k 10,00k 15,00 2000k 2500k 3000k 3500k

I'padux FA rate npu obyuenun
X - maru ooydJeHust
Y - suauenue FA rate
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Ucnonb3yemast apXuTekTypa ceTn

™~ A N
1 1 1
/L { /L -\I Encoder
T T T T T T
Ty T3 T3 T4 L5 Lg

Pyramidal recurrent network™

*oxozkas apxurekrypa (pBLSTM) ucnosbzosasach B
Listen, Attend and Spell, 2015
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Init state g RNN

@ Zero init state -> state degradation

@ Zero init state, cOpoc state gepe3s HEKOTOPBIE TTPOMEKYTKH
BpEeMEHU IIPU JIeTeKINU

Random init state

Trainable init state

State from samples distribution (eme ne nccienoBascs)
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JlanHbIe

filler filler labell label3 filler

Positive audio >
00000011113334000 T
b
filler filler labell filler filler -
00000011110000000 /--I-
Zero audio <
filler filler filler label3 filler =
00000000003333000 /T
) ) filler filler filler filler filler
Negative audio =,
00000000000000000O0 T

Tuner gaHHBIX 11T 00y YeHUsT
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JlanHbIe

4 wake word, cocTsmux n3 2 KoMOUHAINi 4 CJIOB

15.000 positive npumepoB st kaxkmporo wake word
1000 crimkepos
135.000 zero mmpumepoB

400 gacoB negative TpuMepoB, BKJIIOYAIONINX MY3bIKY, PeUb,
THUIIUHY, IILyM.




[TapameTpb! 00yUenusi

batch size 80

weight decay le-5

start learning rate 2e-4, decay rate 0.9
10 epoch

window size 0.02, window stride 0.01
num mel bins 40

GPU acceleration

Tensorflow

Exarepuna Uyiikosa Keyword Spotting
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Pesynbrars

train Joss

i mﬁm i

s 5000k 00 1500k 2000¢ 2500k o0k

Train loss
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Pesynbrars

KWS results
s --- 256x1, zero state, reset 10s
i 12812, zero state, reset 10s
! ~ 128x2p, zero state, reset 10s
! —— 128x2p, random state, reset 10s
&6 : 256x1, random state, wo reset
i -- 256x1, random state, reset 105
H 128x2p, random state, WO reset
H
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False alarm per hour

[Tosmyuennnie pe3yabTaThl. Jlydine Te pe3ynbTaThl, rpaduKH KOTOPHIX
JIeXKaT HUXKe




Vccnenosanue

[Inan uccienoBanmst

o UccnenoBarh cemiimpoBanue init state, oOyueHne u3 paHIOMHBIX
CEMIIJTUPOBAHHBIX init state

o lccnenoBarh ayrMeHTAIINH ay/IHO0 IS IOBBIIIEHNs] YCTONYNBOCTH
K LIyMy

o VccnenosaTh NpOMEXXYTOUHBIN CIOCOOD pa3METKU JAHHBIX.
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