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Noisy Speech Enhancement by Restoration of DFT Components
Using Neural Network
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ABSTRACT

This paper presents a speech enhancement system which restores the amplitude components and phase components by discrete Foutier
transform (DFT), using neural network training by back-propagation algorithm. First, a neural network is trained using DFT amplitude
components and phase components of noisy speech signal, then the proposed system enhances speech signals that are degraded by white noise
using a neural network. Experimental results demonstrate that speech signals degraded by white noise are enhanced by the proposed system
using the neural network, whose inputs are DFT amplitude components and phase components. Based on measuring spectral distortion
measurement, experiments confirm that the proposed system is effective for white noise.

I E
AR 2, eaddudngE, o)t edu Wy
Key word

Neural network, back-propagation algorithm, discrete Fourier transform, white noise.

« dleicfatn MXAEER (schoi@silla.ac.kr) Xt : 2010 01, 04
MArRER YR} 2010, 02, 26



A3 2L o) LU DFT AR Bdd & 343z

LM &

HAYZ
H%Wﬂiﬂ&%ﬂ%
0a) A= D ek olel @ AL e 2e B
B4& 7 A 2do)e] Fol, 7] shepsle} sk Al
2ol o] Fv) Sl A 5o} kel FHRA A7
585% 950 gtk ol ¥ AF FAAH &5l
Aozt oA AANEGHU(L, 20 o NAH2Y

(Neural Network; NN)[3, 4]0} Sit} B =82 <]8id

NNE AH§3te] 244350 #5o] e Adzzy
HeANST BES AR AL EHo2 AT
oly, e X M et o et AR 2k-E ALE-8)
o] o] A+3F 2] of) ¥ E(Discrete Fourier Transform; DFT)ol|
3 AZLHAET YA ES Bd3ste SAZEAN =
g2 zetsicth WA, Ak AA 2 FLo] K
7bel 4239 DFTS] A& 830 48 & ALE
3to] NNE 8 gt Sofl a3t gof ofste] it
ol ¥t $4NEE ek AU Aage
2H e g5 HrIH S ALEsho] WAGGo o
ate] d3td AT et AAHA RS AP L

2 gAa,

LA dueFe gy
AR A d3EF9) 481, 2]2 Rumelhert[5]
of o) s Ajrd 25 LA 28 S-S F UESNA A

A o) 8H4roll 834k Aol Tk
m%qmz EEEEEREE R PR EE
232 i, 292 of 2 8o, k159 AiFH OB
%ﬂ% OMéﬂﬂﬁﬁ%wﬂ“iﬂqﬂ

Fu2] Q12 BAE th 43 2ol dehact,

.’;i- m‘,ojf,'-l — gf (1)

old el o] TF(x,y)ol FAR A+ E4FF e
oA 7} 2ol drt.
r= (0} (w,z) — y,)° 3)
7
UES 2] A 7154 wel $AZE F317] 9

A= b4 7 2ol ro] woll Ul s A 9] gradientE ALt
3 "ot

1 ar
Awi = —p—— @
ij Bw;% I
&
or _ or i = go"—l )
owt ™ it awi Y Bl

FE 85748517 g, 2 a,, =d'2 ¥,

A AT Awl e T A g BEE

Awf“j 1k —ed‘ J. 1 ©)
dj'= (o' = ) f (&}") @
(Zwu ldﬁ-k-l}f' (3§) @®)

2139 A9 275 A= FFv|E oo 2
& A o) 4ol 017101%1;7}_‘?.5 FRoM TR
4 @9 2A2Y §5E HEHT,

' 1

fla)= 1+exp(—z) ©)

=3 £ (e) B () & 47 gol ek

f )= fla)1—£(z)) (10)

f (zj)= of(l—off) 1)

1079



FRFH R TG = A4 A5

HAZE AF5E FAA7IL R $4¢ %
71 A E 4 (129 2ol FE £4E rhare

&= glth

Aw M e+1) =—edjol '+ adw () (12)

rle
T

A7eNA 1= £ HT, e
EASG.

rr

7}

g5AF, o

248N AERUEYgAY P2

Ao AL AR s 29 27 19 YEhE NN
olm, A Fo} 17HH, FN210 1TH Y, FUHE27HT
9, 283l 17 S 7HE F2E 7P

% 1. ®oteh NN AlaRlel X
Fig. 1. Construction of proposed NN system,

2 A3 =32 AE DFTE A AR A4
2 45t ALt 270A SHANS AE gl
© AS diolglo]7] MEd AFE X(n), 0 < n <317

o] 3h, o] A4 Ateld e thg A 9] AV AAER

o

X(i)=x(32-4i)",0<i< 15 (13)
wpEh] AA 2 AFol| ALE3 = DFT A4 17713

s =3, 2 EYaY S AN

71&3ubet 2 23S A 3} k45 (Back-Propagation;

1080

BP)& AHg-¥ch 22] L o] -2} AP ol A NN¢] B4 3l
T 10,0003 2 ko] A3 2 AAsksiTh

5 =elof

# ol M KNS 3 o B3ted Hgo] 344
DFT A1%2] k& #&0) 3857) A9 gez S48
= 4ol Fatel 1% @0,

LAY dojd £ 4% 4g

¥ AGA A Aol e Y8 FA s A
of 2j 3t tho] “aioi(M1)”, “hachioji(M2)”, “bizen(M3)” S
AHEEtR o H, A EE 4 g kHzol M YAts v E
TE 128l Eolth 223 WP S-2 FAFE A oA
AT 72 FEE A o] HEY FRTE 8
KkHzo)t}.

2 A4g Aol Frpg oz 28EH 4
3-8 (Spectral Distortion; SD)& AHE8t} SDE &3
A5 dig 2HEGS] A& 78 AR 4 (199 7
o} ] gt

&, 8, (W), 5, (w)E 458 V29 g5 299
@Byojm, N SR T Zalgl &, e Az gy

Zojr},

2 Ao 1ZYgE 2 452 e 24NE
T3S ol it el o] Mt DFT A& 78 Th NN
o JdENsEE WSS U SN R
T3 DFT ASE, RAREENE 58 278 &
& AN B2 T8 DFT A& 2h2h o se], BP
Rol ©5te NN9 8§ A A @) &, DFT A& 4
FRo} SRR Fe)ele] 242 AR E NNE 7539
55 AA gt o] o, FE-& ke FANERE
€] 7% DFT Al+& 34 $8 9 NNol| #7tste &
& T3tk o) EE o2 A T DFT AFE o]t
3= ) of) ¥ $H(Inverse Discrete Fourier Transform; IDFT)3}



NRB g ol R DFTAE B4 43 FA4T=

of g4 TS AEGE Foheh o Aot e 7}
37 W) ST MERS vimets 2ol sjatel &
g 2Aba,

% é%’oﬂﬁ%moﬁ-ﬂ ?5 2l DFT &< 078 17}
Gol A AL&- & o] B 9
Atk %%‘% &3 %E} DFT Al A5 2 3
S50 7} 2k 30,0008 H7h3he] 60,0000 2 vHETh
o] o] 7 gkol -30,000%-F 30,0009 Ml A=
RS 71 R &) etk AAR ke e
20,0008 Z33tE R /7] W&ol o] W st
Hol Bl & 058 1°] W 9joll A&o] 7h53ie). o)9 2
0] st Aste 24 2o d o DFT Al 4829 2
ol 5-o] 7] wj o thg-3h 22 ez 3o
AA T (1) Zze] 9 7R R EHAE 99
2 0%E 17h4 9] W9 WellA z7)steto SgAs
12382 () 125 AR AT @ FSol THE 59
o AZdL2HE 7 DFT A€ 45 R
AR gestd, 4] s edel 1Y
9} Z o] B gt 3) ool #UHEA $E &
ANz Az 27E FIADFT AT E A7 X
s R2 Eeldto], ZHzhe] NN AR Z 2 o
EPE} @28 A 7% 3 BP & Foll 93te] st
S AXNEY 5) FLE o O3 2 Y4 DFT
ﬁ]?a‘ AN Z 3 AARNERH Fof T (6) 018}
FAE U 224E B FE S AN, B

ERDE) a@ﬂ&q&ﬁaﬂﬁwﬁm;ﬂaq
o ® s} e S ARG A3 8
@ o5} 2 1%°i§%—'ﬂmFﬂﬂﬂ

é} ol FHE & W_E B¥ 7% DFT A48 9
NE& 2N Hojshd 8o 2y DFT Al57 Tl =) A
g}

£ NNS A ah] o] BokE S4B
&a@%@%%agiggﬁaqﬂmwﬁﬂ%
° g et HE (8503, a7t

54y 03, $EBH A 1.0X 1077, Asrs
B4 10,000 o)tk NN 8Hp9) 9ty B A= S
WSt B Z 7} 7 A =HE 2ARE) ], B 1
& gt Al 94 ébﬂ *F%‘f} golelgte AR

N UHOZA AET $BUEA F51

9 e AR e YEol AR D BUel &
=A% ¢ 5 ek

H

L

i)

fo 1ot
oy o

I &A}o}ﬂ 4 }0% NNA Tol ¢l 3 DFT ﬁlT
o] ¥igtel] gt SFate] dE 77 vEhda 29
2% &&o] §1E “bizen”9] A100Z# Y DFT A5
Aoghs, 19 3& F&o] 271 SD=13.749] “bizen”
o] Al100= )Y o) DFT AlS 9l dulgts, 19 4% 8
& 59 “bizen”9] A|100Z % ©] DFT A9 Bzt
& 77 L}E}‘M. A7le M 7t2E S AEF MRS
& DFTA 49 A Z o] Aoigts 7tz vehuie, o 2
Oona]olool,]ﬂog)\{alo}?g\]:} uaai@,
Fgo) Brtd &42) DFT A5 o) o5t 7
ool B-7157] A9 DFT Aol 2= A& ¢+

k=)
A
E 1. 8& Ao gdyalse] #xot oE EHEE
g2rlgt Ao AdygZn
Table 1. Experiment results when training and
estimating noisy intensity were different.
Training After training
Input Input Input SD(dB)
speech | SD(B) | speech | Input | Quiput | Impr.
Ml 822 7.30 0.92
Ml 1047 Ml 12.56 977 279
Ml 14.68 11.55 3.13
M2 10.55 878 1.77
M2 11.94 M2 14.50 10.10 440
M2 16.18 | 1127 4.91
M3 10.70 7.50 3.20
M3 13.74 M3 1652 | 1039 6.13
M3 1857 | 1223 6.34
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Fig. 2. Absolute values of DFT coefficient of speech
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Fig. 4. Absolute values of DFT coefficient of noisy
speech signal after training.
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Table 2. Experiment results when training and
estimating speech data were different.

it

Training After training
Input Input Input SD(dB)
speech | SD(dB) | speech | Imput | Output Impr.
M2 11.94 10.36 1.58
M2 14.50 12.24 226
M2 16.18 13.74 244
Ml 10.47
M3 1371 10.94 277
M3 16.52 13.31 321
M3 18.57 15.42 3.15
Ml 10.47 822 225
Ml 12.56 9.16 340
M1 14.68 10.45 4.23
M2 11.94
M3 13.71 8.89 4.82
M3 16.52 10.81 5.71
M3 18.57 12.54 6.03
Ml 10.47 8.68 1.79
Ml 12.56 9.42 3.14
Ml 14.68 10.22 4.46
M3 13.74
M2 11.94 9.38 2.56
M2 14.50 1041 4.09
M2 16.18 11.43 4.75
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Fig. 5. DFT amplitude components for training signal.
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