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DNN based voice activity detection
with joint use of NMF and acoustic model

TACHIOKA YUUKI!H®)

Abstract: For voice activity detection, power-based methods are widely used; however, because these meth-
ods are susceptible to noise, recently, methods that consider the shape of spectrum have been proposed.
In particular, deep neural network based methods have outperformed other methods. This paper aims to
improve these methods by using auxiliary features that correspond to the speaker characteristics and the
contents of the utterances. This paper proposes to use activation of non-negative matrix factorization and
posterior probabilities of phonemes as an auxiliary feature and validates the effectiveness on the experiments
in in-car environments.

Keywords: DNN-based voice activity detection, non-negative matrix factorization, automatic speech recog-
nition, auxiliary features
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1 The proposed DNN-based voice activity detection (VAD)

system using auxiliary speech models.
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% 1 Setup for the VAD system.

Sampling frequency 16 kHz
Window length 25 ms
Window shift 10 ms
Features 0-22th fbanks
Splice 9 frames
# NMF bases 50
# DNN output nodes 2
# DNN nodes per layer 1,000 nodes
DNN layer size 3 layers

*5 CENSREC-2 OiFlit v MZIEEEdE< 1 2 DEFFE AR FRK
M7~ v IHRETH-72DT, CENSREC-2 DFEEH v
FERFILT, HicFE ey bkl y b EHRL .
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2 Waveforms recorded by cross-talking and distant micro-

phones in a highly noisy environment.
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% 2 Average frame-level VAD accuracy [%]. The perfor-

mance of MLP was compared with that of the conven-
tional Sohn’s method. MLP used filterbank features with
NMF activations.
e-a c-a ia
Sohn 52.08 63.34 63.23
Sohn (w MMSE-STSA) | 62.25 60.81 65.06
MLP (speech activation) | 76.00 84.36  90.00
MLP (all activation) 77.48  85.75  90.89
MLP (mel) 77.76  86.03 91.62
+ speech activation 79.37 87.92 92.70
79.38 87.79 92.64

+ all activation

MLP used
filterbank features with clean speech acoustic model
(GMM/DNN) outputs.

& 3 Average frame-level VAD accuracy [%)].

‘ e.a c-a ia
MLP (mel) 77.76  86.03 91.62
+ speech GMM | 80.23 88.33 92.94
+ speech DNN | 81.70 90.14 94.28

% 4 Average frame-level VAD accuracy [%]. MLP used filter-

bank features with both auxiliary features.

activation GMM/DNN PCA | e.a ca ia
speech GMM no | 80.18 88.87 93.42
all GMM no | 79.97 88.24 93.19
speech DNN no | 81.51 90.08 94.11
all DNN no | 81.49 89.91 94.00
speech GMM yes | 80.01 88.47 93.30
all GMM yes | 79.75 87.64 92.53
speech DNN yes | 81.66 89.88 94.38
all DNN yes | 81.44 89.51 94.10

<, GMM &£ Y% DNN BEETF)ILE2HWEGEDHRE
SIMEDSE N T L DI o 7

5.5 #EEH
4SO G HE X MILEREE R T, 2EITE
EOEEIZHIGTET7 7T 14 R=2arDihzffolztd
DFNELL, DNNDHBNGMM LD EEBNTNWEZ N
bhs, KIOEREIRTHEDOH EIXIZEAERON
hoTz.
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R EEE U TS AZBICRR S W SR O FEER %
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3 Log likelihood ratio of Sohn’s method, log A, and the
speech posterior probability of DNN baseline and the pro-
posed method.
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% 5 Average frame-level VAD accuracy [%] with smoothing.
ea c-a ia
Sohn 52.14 63.66 63.46
MLP (speech activation) | 78.62 87.21  91.68
MLP (all activation) 80.14 88.47 92.76

MLP (mel) 80.91 89.02 94.03

+ speech activation 81.90 89.93 94.02
+ all activation 82.13  90.25 94.39
+ speech GMM 82.25 88.33 92.94

+ speech DNN 82.68 91.19 94.91

% 6 Average frame-level VAD accuracy [%] with smoothing.
MLP used both auxiliary features.

activation GMM/DNN PCA | e.a ca ia
speech GMM no | 81.87 90.77 94.26
all GMM no 82.12 90.16 94.28
speech DNN no | 82.80 91.14 94.72
all DNN no 82.86 91.05 94.74
speech GMM yes | 82.08 90.81 94.54
all GMM yes | 82.32 89.96 94.26
speech DNN yes | 83.40 91.14 95.22
all DNN yes | 83.16 91.01 94.91

% 7 Word accuracy [%)] of automatic speech recognition for the

detected speech.

e.a ca ia
Sohn 18.37  40.79  44.70
MLP (all activation) 67.76  73.99 82.71
MLP (mel) 69.33 78.30 87.25
+ speech activation 72.70 7887 87.37
+ all activation 73.00 79.15 87.06
+ speech GMM 73.75 80.57 88.35
+ speech DNN 72.70  80.28  89.03
+ speech activation + GMM | 73.15 80.11 88.72
+ all activation + GMM 74.79 81.19 89.21
+ speech activation + DNN | 76.51 80.85 89.88
+ all activation + DNN 74.57 81.98 89.27

M ELTWS. HHEKERETORD ZIFU Ik ekt
BEDMENICER T 5720, mMEZICER KR 21T 5H
BEPRI N, FEHBEICL VRIS FCOEM
DX FRTAR R 3 KR 3 & v 7z,

6. F&&b

DNN I & 2 &EF KB O MREEZ M EX 8572012,
MPEFRETVIC LR EIHT 2 B2 REL .
CENSREC-2 IZ & % & KR ERZ T 722 25, it
KDNT —IZHDCHEL Y H DNN ITED K HEO MRS
NP IR D hoTz. £/, NMEDT 77 1 R—
¥ a »% GMM/DNN HEEF)LD A 37 % hHEE
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