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Improved Spectral Subtraction Based on Real-time Noise Estimation

CHENG Gong GUO Lei HE Sheng ZHAO Tian-yun
(College of Automation, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract Aiming at speech enhancement under non-stationary noise environment and low SNR, an improved spectral
subtraction based on real-time noise estimation was proposed. First, voice activity detection was carried out based on se-
lected sub-bands vector distance,and then a real-time adjustment coefficient was defined through noisy speech properties
of low-frequency regions and high-frequency regions. The combination of coefficient and voice activity detection could
realize the updating of noise estimate, The method allowed tracking the time variation of noise environment. The experi-
ment showed that the method was more effective in reducing background noise, improving SNR and decreasing speech
distortion than traditional speech enhancement methods.

Keywords Noise estimation, Voice activity detection, Signal to noise ratio (SNR), Spectral subtraction, Speech en-

hancement

W L B R AL E R IR R RSP R T
ZR . BRI TE PR B PR S IR R R 15 R LA RE R
BEAFBIBOR R EIE F R R A RS R AR HL T B3 3R
G5 T R ELANER B R A B IR T A RE S AR

AR, R TR S EAIER B IR 7 X I 6 S8R i
W, HE— B4R R IE B P RE SCRKL1-6 )8R B T — RSB
ek, SEENEE LML, RSV BED, R E R dE
BT —EIWE RS TR ERMR. BERIMEEAE
FEFRBEIRIERER LEL T RERA BT R EH
GURIRAFAE . AIA SR I T —Fh 3 T SC MRS A T sl
WL . 7 B E S T SRR AE O B B B KR
T HEAT S AR 4 AR ) PR A3 X R 0 40 X HE R 3 4
PERE SC— B AR B TR T B R G G i AR I T LA S
TR A HE , A TS B PR BB S AR AR B B9
BREREN, N TRADMRGRILSHFRIES, AR EH
ik S HABI IR T EAR LG, TR 4R B 15 R LL 3 R R R A
TR ST HUR T BFRIR

1 EBAEIR ST
B — MR T AR E T B R, HRHE

FIF H#1:2009-12-17 i85 Hi#:2010-03-08

RBREMEBRSE SEN VRN ESESHEM LM &HE
T WHRIE B B D35 P R R A Th 38, T8 DI h 4h
BREEHE. BRIBESTES YORTH

y(O=s()+d() D
KA, s() HEEHEFES  dO) ML, s() M d(o 8t
AHE., Y (@) ,Sw) , N @ HER y(0),s() ,d() B8
Bt , W (D #ATH R AR, A 4R

Y{(w)=S(w)+N(w) 2>
BREIEEES 5SmSR HEM T, A
[Y() |2=|S(w) |?+ | N(w) |? (3

MR P, (@) Polw) s Pl 53 IR y(0),5(0) ,d ()M
AR, WA

P, () =P, (&) +P. () ¢Y)

A TR S W D RS & AR B B AT LA R 2
AR AL, XA T LU R AT E” (BAHER
—BEBHRBETE) REITRENHIEE P, (o), Wi H
P, (w)=P,(w)— P, ()75 B THEE BIAT A h R B v i
BEESHRE. FbBEIES IS5 ETEEMNE
¥, MBS IFFT ZH B EE AL RKE %G NIE
BERBES. REAEI M ERAGEERX—FE, TUA

AR B EE (20080153002) % B .

B398, B Mg, FEFR N RAEE RS AR RS, E-mail:isuccess@126. com; 8 B (1956 —), B, %, 4 FIW,

FEBEF I 18 AR A s B
+ 212 -

BE1986—), 5 Bl A , EEBFT 7 I RS 4 KR & (1970—), 5B, YT, EEBFS Iy 10 XRG4



FHHERESES yO MBS RRBEHITZRENES
SHHAE, AT AT LB B ERIESHBIES . E-ﬁi:_
B, Bk R A TR AL, B Py () <P, (o),
4 P(a) =0, BT, BRAIEBETEARMTF

P, P.(w), P,(w)=P,

P.(u)= (w)—P,(w) y (w (w) 5)
0, Py (w)<P,(w)

2 HUuHiE

ERAERES . RERSRRBEEN, B RiES
HeE ER MEE R RN B R"HE NG iT R, B
ERMET B PR IFE R ERZ, TR X BMEE B,
EHERSE T REM LB ITE SR, AMAERLHE
B X FREAR A RS JL T R ANTEAE R, B e R P A 3
B TE SRR SRIF AR . RITE LEXF IR
BT ARERER, AR ERAE TR, AR
FiIEEHBRAGERME 1R,

HREERN

kst |

H?ii?%ﬁtﬂ[ TFFT H
H1 BUHEHERGER

2.1 BEHmaEN

EIEEWRAE T, 8 W R SRR ERTR S T R
AXHRAXER 7T RENEAEARESSBHEANERFHE
F s FHFARAE & B PR B A S R

TR R SR R R WU AT Y, B AT R
PR R

y(im,n)=s(m,n)+d(m,n) ,m=1,2,+-,

n=0,1,--,N—1 (6)
KA m AWIE, N AWK, SFHBETEEN TR, %

Y(m,k)=S(m, k) +D(m,k) ¢)]

U B A -

DIHEE—WIIEIES yon, D BZIRE (Ym0 |2,

DRSPIETA . 1 0~0.57,(f, HRHHA) FHES

BRI

}z,}s--°*zﬁ/\nmﬁ%ﬁ$ﬁ%1a B G 7 o B
i=MAﬁ—o. 53 (8
1960+ f:

o, AL MR, R MRS I R
IRIKHE, B (5 RRRESARE A W 8kHz, SORETE 100Hz
% 4000Hz TN B EZHE 16 MIERAE.
3 R R R, M — I A e T A | Y
G o) |2 SR, B ST 48 U6 B 1O WS A4S SR . IR
H= i by rooehi s ooe o b, JET MG RAREAE S, TG — A4
BT LU T BB, M TSR LA B — -+ A S
REHERE.
hy= E
/f\z<fk<?1+1
O KGR ERRER. BRIULMES RS RS
7, %53 JUBTR I A8 R 26 B R 9401, B 7T 75 7S -2

[Y (m, k) |? &)

HEREE. REFAATRNE - MASERERES%S
PR E R B Y T EE T, B W) B B4R R B IR B B

d2y =2 (ci—co)? (10
R, o FR LM IEREIFIER R, 0 TSR TIEE
ERE.

5) Yo BE, HT AR, e~ RE D, Z s
THEEE. QRS -1 WLEE 2 MR IE R EBEREENT
D% i+1 188 i +2 WAAFIE R BEEE A KT D, K18
IR WOMBEBEMRBANE., FE, mBRE -1 08
—2 MRS IE R BEEBABA T D, 88 i+ 1 0. 58 i+ 2 Wiy
LR BEEH/NT D, RATAANE  WOHIBEEERNER
fE,

2.2 ZEEfETA

AREFRE, MBS S5 EE 4 %76 50Hz B 4, 0kHe
Z 8], Br LA, 3ATAT ELIA R 0~ 50Hz {45 X #1 4. OkHz~0. 5
fBHRAESESREREFE., TA BHXAEMKX
BRI | DY (m, k) |+ | D' (m, &) | 3RS FRSAX
HMEAR W RIEE S MR IY“’W(m,k) |+ [ YHe (7,
k). ki

| D* (myk) | + | D (my k) | == | Y™ (m, k) | + | Y

(m k) |

{B£, B F 0~50Hz SR F 4. 0kHz~0. 51, FSRX#
TEEA R, A REIEFE TR A AL, i, BETIA -
B|\W|, EFmilad b a6 il a2 e w7 RS g e
SEXET, R TET RS U MERER . R, € X —
NIRRT A s A AT UGBS TR ESE

Zk) | DY (m, k) | -f-; | DYgb (i, ) |

TS IWE TR S W

;IYL"W(m,k)I“f';!YH‘gh(m,k)[
B B
Am BIR/NR BT R P S A AR AL A S, TR T DASE BN I 7
BBl T, SRR A THE R

| DGy k) | =An + |W] (12)

T, B MERE TR AN

|§(m,k) | =

(1D

A
Y(m,k) | ={D(m,k
[Y(m, k) | 2| D(m, k) | (13)

{ 1Y Cmok) | — | D, 2 |
Y| D) | 1Y) | <| Do) |
A, B¥ yBEE 0. 01~0. 5, Al BB L FHFE R HITIRE.

xf b AT AR AR B AT A B R S i E
3 XBESH

HTRIFEERBNESHBFENERE BKHLSE
A AR 2] 3R S B 5 R AT LR, 3R 4 B HEAT W
MEWIES . LB, dmEFE L 863 FIEF RGEER
B, Mk B NOISEX-92 $uiEFEhmi S X LB R IEF
BB {55, FHRE MRS 1 L B 2R AR I A A RS
H.(—5dB,0dB, 5dB) Y H BB H . MBS R P HEARIE TR
A 25t 8kHz R, 16 (R Bk, 7EHRALIRETX & BRE
F15 5 M 6717400, BT 256 R AE K, biiaEE 128
A REE S, I B ER AL B X R F F S TR E .

(F#% 222 0)
+ 213 -



[5] Karypis G, Han EH, Kumar V. CHAMELEON: A hierarchical
clustering algorithm using dynamic modeling [ JJ. Computer,
1999,32(8).68-75

[6] Ester M,Kriegel HP,Sander J,et al. A density-based algorithm
for discovering clusters in large spatial database with noise[ C]//
Simoudis E, Han J, Fayyad UM, eds. Proc. of the 2nd Int’!
Conf. on Knowledge Discovery and Data Mining. Portland;
AAAI Press, 1996.226-231

{77 Ankerst M, Breuning M, Kriege] H P, et al. OPTICS; Ordering
points to identify the clustering structure[C]// Delis A, Falout-
sos C,Ghandeharizadeh S, eds. Proc. of the ACM SIGMOD Int’]
Conf. on Management of Data. Philadelphia; ACM Press, 1999:
49-60

[8] Polikar R. Bootstrap inspired techniques in computational intel-

ligence; ensemble of classifiers, incremental learning, data fusion
and missing features [ J]. IEEE Signal Processing Magazine,
2007,24(4):59-72

[9] Kuncheva L I Combining Pattern Classifiers, Methods and Al-
gorithms[ M. New York, NY: Wiley Interscience, 2005

[10] Asuncion A, Newman D J. UCI Machine Learning Repository
[OL]. http://www. ics. uci. edu/~ mlearn/MILRepository. ht-
ml, Irvine, CA: University of California, School of Information
and Computer Science, 2007

[11] &/ BRF A, % —FET KMeans BEHBAHEMER
BAH [T BAFHR, 2008,19(7):1683-1692

[12] A, XU, B 7. MAEF WP ], -2 4], 2008, 19
(1).:48-61

(k3% 213 50
B 2 %3 0dB BB F 2R 6] 77 R4 5R 5 B0 IR
B PR R A 5 B0 R Wi 3 o AR SO IR L
R A AT I  SCRRL2 T 38 0 75 k38 5 F5 A 0 B A9
#. RE, ASCEARER L&A TR EMIETHTE
AT L . AEEE R R L R A N R T
TR E RARFEE IR B ETH TRENE KR
A RFASCHR 2] A 8 i 60 77 v 0 R AT R R AL
WS B IR0 T B AR R R AR B T — s il SR A3
T7 1 X RE AT IR ROR B EA A TR
F BRI RS T ERE - EREN R E, LHIER
ER LN B TR REMA S EARER.

OBREE
1
- 0H"4“’*”{"4"‘”’!4""‘l
4 ! . . A
0 1 2 3 4
AR b
QEABRANES HEE
1
o oFl'}‘*"‘1}-"’4"4“}-1’.ﬁ.-
-1 - L L S
1} 1 2 3 4
RHEK it
XM ARER HEF
1
-y 0H'}{“’*'—"'4"’H’-4."‘F
I . . . o,
0 1 2 3 4
REAK s
. o x10
| WRXATRNMBEREE
1
by oH.’{."}”—".ﬁ"‘“}—'ﬂ'{#
4 . A . '
0 1 2 3 4
RHAR ot

2 AR 3 MONF IS RE RIEE

% WLV L (R H (SNROPE D 5 B A5 47 (R R LL O A2

LKy
Z": [s()?
SNR=10lg m—~——— 14
2LyD—s)F

KA n R SRR s ARG B, v () W RIEH .
X ARy —5dB, 0dB, 5dB BHIRIEE 53 5IR A4 K
BRIk SCARL2 IR 3R tH R s L R A O B ATIR 3R . %
HEER TR S UR AR 1 575

» 222

1 3FNETT R MER X IR BNLdB)

ERERE | XHZF R RX R

BAERL 4{;%% sa&j[fgjm BB
—5 2.85 3.94 8.12
0 5.76 7.37 10. 95
5 8.92 11. 06 13. 26

MR 1 AT LI i 43007 B B SRR M T 2 A5
HRSCERL2 TP 42 B0 7 ok » W 75 B S8 A S TR B, 15 R LU 75 30
Tilt—H8RE . IR A SR s & W, 24300 ik %t
RHR LB E R E MR,

GWRE ETHBEEESFESOENITTIR, B RIE
FHHAET SRS T MNER. BREFERS NP
RRAEHRE T RIETHEREAR. RN, FEHRETRHRER
FEIEFAREY, A SCH T 2 T SO RS A o B O S R
B 5 Ay B R T AL A SCR MK O B B RFRIRER
PERE, BB BN T & R, B TIESRE. BB T
EERR SR TEREBMEMFR, EE RN E Y
B,

8 X X W

[1] Yamauchi J,Shimamura T. Nonstationary Noise Estimation U-
sing High Frequency Regions for Spectral Subtraction[J]. IE-
ICE Transactions on Communications, 1998,70(3) : 335-349

[2] Yamashita K, Shimamura T. Nonstationary Noise Estimation U-
sing Low-frequency Regions for Spectral Subtraction[J]. IEEE
Signal Processing Letters, 2005,12(6) ;465-468

[3] Virag N. Single Channel Speech Enhancement Based on Masking
Properties of Human Auditory System[]]. IEEE Transactions
on Speech and Audio Processing,1999,7(2).:126-137

[4] Cohen I, Loizou P. Speech enhancement based on wavelet th -
resholding and multitaper spectrum[J]. IEEE Signal Processing
Letters,2002,9(1):12-15

[5] Martin R. Noise power spectral density estimation based on op-
timal smoothing and minimum statistics[J . IEEE Transactions
on Speech and Audio Processing,2001,9(5) :504-512

[6] BRE, BT, 8RR, —FhsFaad i bt A B RN B
EFHREEU] BT 5F8%H,2007,29(4) : 863-866

(7] RUB.EER, AR 2T U5 R AS4E 2 BB 2% A SR B
Fk[D]. AR, 2009,36(2):220-221



