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Fig. 1 Speech spectrogram after noise reduction by SS.
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Fig. 2 Distribution of noise reduction processing in SS.
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Fig. 3 Equal loudness contour.
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® 1 HBEMT

Table 1 Experimental conditions.

Speeches 50 sentences of ATR phoneme

balanced sentences[11]
Speakers Five females and five males
Sampling 16 kHz, 16 bits

Frame length
Shift length
FFT length

Window function

64 ms. (1024 samples)
32 ms. (512 samples)
64 ms. (1024 samples)

Hanning window

Noise estimation Average of seven frames

Coef. of I-SS a:2.0,3:0.01
Coef. of F-SS a:2.0,3:07
Coef. of L-SS apse © 2.0, 3.0, 4.0,

(Proposed SS) Brsc : 0.7,0.8, 0.9,
awt 2 0.05, Byt : 0.005
Server noise, factory noise

SNR 0,5, 10 dB

Kind of noise

4. FHESEER

4.1 FHERFHERER
4.1.1 MEWEMREOFHMmER

FRIEHIG S SR T, IREEDERIE & L TEe S
HIEVERE 2 3R T RE DG S 5 72 0 ICHES I & & & 75 O
A2 L 72, MEEHIER I NRR (Noise Reduction
Rate), &= 0T A®EIE SDR (Signal-to-Distortion Ratio)
ZHwT, %SS (I-SS, F-SS, L-SS) % #FHifi L 7.

NRR &, MEEFHILERTRO 2 2L ¥ -z %L, NRR
BTSN ER S W2 L2 ERT, AERIZE VT,
NRR EHEFEPREAL T WHEZOADEE 2V TH
9%, Z8 NRR IZXRX»r B EIN 5,

NRR = 10log;, (Z_ 2OV y2<n>>, (©)

Z 2 Caz(n) BHEENER OGS, y(n) BHESNERDG
5, n kK, 2L TN 3 EBREE2RT.

SDR \dIif5 5 L S HERE SO+ L ¥ —HEe KL,
SDR 23&E I UEF R O T APV R W L 2RT, JE
% x(n), PHiES % y(n), n ZIKHE, N2EFEET2
&, SDRIEFXRKZHWCHEZINS,

N-1
> a?(n)
N ) (7)
(z(n) —yy(n))*

SDR = 10log;,

n=0
N-1 N-1
y=Ylzm) /Dy, (8)
n=0 n=0
4.1.2 EEREM

TR LVICHEREMNZRT, AFBRTIE, ATR &%
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Fig. 4 Results of NRR and SDR (Upper: Server noise, Lower: Factory noise).

x 2 FBIFHGiSEEIC B 2 & TEO KB

Table 2 Number of times for iteration in each SS method.

Server noise | Factory noise
I-SS 10 times 10 times
F-SS 9 times 10 times
Qpsc ¢ | Bpsc 2 0.7 10 times 10 times
2.0 Bbsc : 0.8 15 times 16 times
Bbse : 0.9 30 times 32 times
Qbse | Bbse : 0.7 10 times 10 times
L-SS 3.0 Bpsc : 0.8 15 times 16 times
Bbsc : 0.9 30 times 32 times
Qpsc ¢ | Bpsc : 0.7 10 times 10 times
4.0 Bbsc : 0.8 15 times 16 times
Bbse : 0.9 30 times 32 times

KR E RO D E LTz,
4.2.2 RERER

B 5 ICEFHIRZORIRZ R, 61 a—ThL/
A RBAFEDOERZRT, 5 DEHEHABIEORER LD,
Server noise 12X L Cl&, & TD/8T X —& THEKE LA
FREED MOS TH 5729, L-SS Ik h HFEHAKREISLL
f;b) CEDHERTE . R, apse =2.0,8bse = 0.7 D E

HEREHD Z v 8w )RR TH 5%, 7 Factory
noise 120 LTI, apse, Bose PIEDINZ WIZ EEV MOS
THY, apse = 3.0, Bpse = 0.8 AT THUE F-SS & [FFE
EoEFHBETSH - 7.

6 DI 21—V AN/ A RABREFROERLD, Server
noise IZXf L TIE, Bpse PEBIRKEWIFZE I 2= AL/
A RZARJRATRECTH - 72, F 7z Factory noise I2%f L T,
BTDNRTRA—FTRRIELDDI 22—V AN/ A X%
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EIRATRETH D, apee = 4.0, Bose = 0.9 DBEITH B
MOS TH-7%, K6 kD, ETOHEZFITHL T8T X —
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4.3 REDHREL
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HE - BBEMEFBR L DIREEEZMeS 2 LT, Sa—
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Hife e LTED, KERBOMMEWHEZE IR b 1A
ET A, T2a=Y AN A AFELEELHILT S
fHr23%H 5. % 2T, REFEOFAICIaNT TR
FIEIZ D WTHETT 5,
AFZETIIER - FBEHHFEBRIC KOV TI 2 -2 AL
I A RDFEE M Z DO EICHES 2 P AT He 72 )
M2 REEICB T 20l E L CERT 5. EBIEEE
BATi3sa—v AN/ A AEAE%Z MOS (Mean Opinion
Score) ICX DFHHIL, S 2—I AN/ A4 XEFHEIETIC
HEMETE 2 ENEZTAET 5. £/, BEEHfGi%E
BRCI3 M TR OB E % PESQ (Perceptual Evaluation
of Speech Quality)[13] I & D FHili§ 5.
AW BT 5 ol s )AGREUE, AT 7 LT ) X4
THMT 5.
e Step.l EEFHMEER
KERIBED S 2=V h ) ) 4 A% E% L,
MOS 234.0 (IZ & A ERICR 5 R\) DL ED RIERIE
ZHMNT 5.
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Fig. 5 Results for the speech articulation (Upper: Server noise, Lower: Factory noise).
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Fig. 6 Results for the amount of the musical tone (Upper: Server noise, Lower: Factory

(a) SNR=0 dB

noise).
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O INIHFED I 2= AN ) L AR 5 K
B (1. JERICRICR D, 2. P RICk 5, 3. Z2HUEER
K25, 4. HFDRICEL R, 5.2 KIKRSRN)
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(c) SNR=10 dB
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Fig. 7 Results for the amount of the musical tone (Upper:
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Table 3 Number of times for iteration that MOS are higher

than 4.0.
Noise \ SNR 0dB 5dB 10 dB
Server noise 25 times | 20 times | 25 times
Factory noise | 25 times | 25 times | 20 times
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Table 4 Optimum number of times for iteration.

Noise \ SNR 0dB 5dB 10 dB
Server noise 25 times | 20 times | 19 times
Factory noise | 20 times | 23 times | 19 times
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