I I C Journal of the Korea Institute of Information and
Communication Engineering

S22 B EAISHS| =2 X| Vol, 26, No. 5: 649~655, May. 2022

SUEMES 013 e A8 7(E 2x2 HEFH7IHE

Determinant-based two-channel noise reduction method using speech presence
probability

Jinuk Park' - Jungpyo Hong""

'Ph.D. student, School of the Electrical Engineering, Korea Advanced Institute of Science and Technology,
Daejeon, 34141 Korea

¥ Assistant Professor, Department of Information and Communication Engineering, Changwon National University,
Changwon, 51140 Korea

2 o

e Ro A SAEATES TEA 2D ASALE ATRIR ] WA 71 REAA 78S ALk Al
370 SAEATEL ol §3) 7122 A4 7NE2AE A7 7] I B o] 5 ST STl uf
o237 02 2AFORM HSAA S-S B FA7) A SHk ARH /M E W BT, WG 27, A5
o), 9] |40k o] chepel o) Fell H AAl B e B8] BrhE glck Alg A oo
ARl A 4] 7]ure] 7] S0l SRS ZINo 2 g B R Aol S0l 53] AIke S EAIekE
2 ol 83 WHA) 71 FLAA 7| Wo| S AE NS HASSPAN /b 958 T AA A5E welrk
ABSTRACT

In this paper, a determinant-based two-channel noise reduction method which utilizes speech presence probability (SPP)
is proposed. The proposed method improves noise reduction performance from the conventional determinant-based
two-channel noise reduction method in [7] by applying SPP to the Wiener filter gain. Consequently, the proposed method
adaptively controls the amount of noise reduction depending on the SPP. For performance evaluation, the segmental
signal-to-noise ratio (SNR), the perceptual evaluation of speech quality, the short time objective intelligibility, and the log
spectral distance were measured in the simulated noisy environments considered various types of noise, reverberation,
SNR, and the direction and number of noise sources. The experimental results presented that determinant-based methods
outperform phase difference-based methods in most cases. In particular, the proposed method achieved the best noise
reduction performance maintaining minimum speech distortion.
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Table. 1 Performance comparison by noise type :
(a) Segmental SNR, (b) PESQ, (c) STOI, and (d) LSD

(a) Segmental SNR

Noisy OM-
input MWF
Babble | 1.97 | 2.10 | 2.62 | 425 | 3.46 4.62

White 1.60 | 437 | 323 | 581 | 5.20 6.19

Factoryl | 1.82 | 2.15 | 236 | 4.58 | 3.61 5.04
Volvo 247 | 248 | 8.86 | 9.12 | 10.71 11.19
Music 243 | 2,69 | 407 | 7.00 | 5.80 7.06

Noise type PEF | TNR | DET Proposed
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(b) PESQ (c) STOI
Noise type Noisy PEF | TNR | DET 9L Proposed RIS | Wk PEF | TNR | DET Gt Proposed
input MWF (ms) | input MWF
Babble | 2.55 | 2.62 | 2.70 | 2.85 | 245 2.86 0 0.87 0.88 0.83 0.89 0.83 0.89
White 234 | 253 | 2.56 | 2.78 | 2.68 2.87 150 0.86 0.87 0.83 0.89 0.83 0.89
Factoryl 2.43 2.56 2.60 2.84 2.44 2.89 300 0.85 0.86 0.82 0.88 0.81 0.88
Volvo 3.55 | 3.57 | 3.66 | 3.81 3.66 3.86
d) LSD
Music 293 | 3.09 | 3.15 | 3.31 3.05 3.31 @
RT60 | Noisy OM-
(¢) STOI Gy | PEF | TNR | DET MWF Proposed
Wi e Ii\Lmlsli/ PEF | TNR | DET 13%1: Proposed 0 1.62 1.26 1.17 1.08 1.15 1.03
P 150 1.59 1.27 1.18 1.12 1.18 1.06
Babble 0.82 | 0.83 | 0.79 | 0.85 0.78 0.85 300 149 123 115 109 118 1.05
White 0.87 | 0.88 | 0.81 | 0.89 0.81 0.90
Factoryl 0.81 | 0.83 | 0.77 | 0.85 0.76 0.85 T 2= 371A] ukek 17401] e P 7o A A
Ve | a0 Tos [ oot [ost [ o0 | aor | TEIMCk AUE /10 2wy ol /4
e T : 50 A58 5t PEFUHTNRS hee s
(@LSD o e AA THES W] APrE A5FAA
Noise tpe| N | pep | TR | DET | OV | proposea | STEISHIARE 34| 7)) 5] A9 o5lef
‘Eﬂ:o /th‘ﬂ— = ik]):.ﬁ]:/(]-o 013} 2= 91 9] _H:_z}_},
Babble 1.24 1.07 | 1.07 | 0.94 1.09 0.93 ]]__ bl ‘1}\] /\g} B ):Sq— o
St 7 aro A oy
White 2.51 1.85 | 1.59 | 1.62 1.54 149 I:Lk J - EQH '4 §]—o}- 1 == ﬂﬂ
- 9O JEAFA
Factoryl 1.81 1.38 | 1.32 | 1.22 1.43 1.19 o& T
Volvo | 071 | 0.72 | 0.71 | 0.60 | 0.62 0.60 Table. 3 Performance comparison by SNR :
Music 1.10 | 0.89 | 0.86 | 0.83 | 0.88 0.82 (a) Segmental SNR, (b) PESQ, (c) STOI, and (d) LSD
(a) Segmental SNR
1__ = =]
=5 A 7]m_94 Sl RS ST _%0] .%Aé SNR | Noisy | ppp | tNR | DET | O™ | Proposed
A ES 8T A Ao 549 FuehA & (dB) | input MWF P
A2 AA s ol A S & & 4= ik 0 | 461 |-393|-124 | -064 | 033 | 054
5 -1.90 | -1.06 | 1.41 2.60 2.00 3.55
Table. 2 Performance comparison by reverberation time 10 Ls1 240 | 416 | 581 5.46 6.61
. (a) Segmental SNR, (b) PESQ, (c) STOI, and (d) LSD : : : : : -
(a) Segmental SNR 15 5.32 6.19 | 693 | 9.14 8.92 9.82
; 20 9.50 | 10.29 | 10.07 | 12.78 | 12.69 13.27
RT60 | Noisy | ppr | tNR | DET | O™ | Proposed
(ms) | input MWF (b) PESQ
0 1.73 2.60 4.08 5.80 5.51 6.66 SNR | Noisy pEF | TNR | DET OM- Pronosed
150 | 1.79 | 261 | 409 | 570 | 5.59 6.55 (dB) | input MWF P
300 2.37 3.12 4.63 6.31 6.13 7.06 0 2.07 218 | 2.12 | 2.39 2.08 2.40
(b) PESQ 5 2.38 249 | 254 | 2.76 2.49 2.76
RT60 | Noisy oL bET OM- » . 10 2.72 2.82 | 292 | 3.10 2.87 3.10
(ms) | input TR MWEF | "oPose 15 | 305 | 3.15 | 326 | 341 | 3.17 341
0 2.69 2.80 2.82 3.01 2.78 3.05 20 3.38 346 | 3.56 | 3.68 3.44 3.69
150 2.70 2.80 2.89 3.07 2.79 3.12
300 2.77 2.86 2.93 3.14 2.86 3.20
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(c) STOI
SNR | Noisy OM-
(dB) | input PEF NR | DET MWF Proposed
0 0.70 | 0.72 | 0.65 | 0.75 | 0.59 0.75
5 0.80 | 0.82 | 0.76 | 0.84 | 0.74 0.84
10 0.88 | 0.89 | 0.85 | 091 | 0.87 0.91
15 094 | 094 | 091 | 095 | 0.94 0.95
20 097 | 097 | 095 | 098 | 0.98 0.98
(d) LSD
SNR | Noisy OM-
(dB) | input PEF | TNR | DET MWE Proposed
0 2.06 1.70 | 1.57 | 1.55 1.62 1.44
5 1.85 | 148 | 133 | 1.28 | 1.38 1.21
10 1.58 | 1.24 | 1.13 | 1.06 | 1.13 1.01
15 1.30 | 1.02 | 098 | 0.87 | 0.93 0.85
20 1.05 | 0.83 | 0.84 | 0.72 | 0.78 0.71
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