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Recursive averaging noise power spectrum estimation based on weighted noise

FENG Yan, AN Bao-kun
(Modern Education and Technology Center, Tibet University, Lhasa Tibet 850000, China)

Abstract: A noise power spectrum estimation algorithm is presented, which continuously updates the
estimated noise by weighted noisy speech for non-stationary noise environments. To avoid noise
overestimates in the weak speech regions following strong speech, a projecting smoothing method is
developed for weighting factor calculation. The update for varied noise power levels is much faster
compared to most other algorithms, and at the same time, noise power spectrum is not overestimated.
Experimental results indicate that the proposed noise estimation algorithm yields lower segmental
estimation error and better Perceptual Evaluation of Speech Quality(PESQ) scores when integrated in
speech enhancement.

Key words: speech enhancement ; weighted noise estimation; noise power spectrum estimation; recursive

averaging

Mg 7 Ty A T 0 5 0 AR G 0 EE AL R 0 o MRS ) R A5 T S R AT R A A R RR RSOk B
KRAGE . WL, M R H A — B i i R A T Martin®®48 5T e /M 483 B i e R A A 0k
(Minimum Statistics, MS), Jofs #EATIE SR, JCie 78 A 75 s 0 7 B #O6 M m A T E AT 58, (R Bk h Al
1) T 75 Ty 3% T v R R B MR ) AR Ak, DRI A M A T DX R R A T, 7R R A R ) DXk
P . Kato 25 A48 Y AR 75 £ 1 (Weighted Noise estimation, WN)Z vk U8R 4Rl e /ME R BB v, JE H
AT PR 2, ARERERBEAS MRS , (A Bk Rk X B 59 i S5, 7R850 & B o MM = i Al it o bk, ARSI
THEE MRS, AR LSRR S 0 & SR X IT . A BOY PR, AR SCHE IR A T g
Bt b 52—l 0 368 U T T T R T SR A T F B o B T R S R S 5900 XU A M RS A T, B TR
FA T 36T, Al v 00 R 75 T 8 b AR R A TS R B S A T S AR TR D o M X AR G Y M R Ty R
FhTEI7 35, AR SCHE HE I I P A T BRI R B L T A Y RS A T, DA A4 25 eR B0 B A T A R 1) ST 0 A I L AN
J 56 {7 M LA T, RS RS 0 A A O T R TR A0 A R R R, — 2B AR B R R, AT LA e 2

MG P Y 5T A e ) A
1 AXRHBPEBREEHBITEZE

128 U S U A RELARL 20 A M P ) R A T e, e R AR 8 A Ak A M R ER v O ) P A AR A L
IFSHHER: 2012-12-28; fEEIAHA: 2013-04-23




788 ABZBMFERFREREFR RN

A R LA AR 30 K A 0 S o P 9 T LA — 0 i B AR R B A BN, R — A O I R T 5 A
BE T o AR SCAR M A T A 3 AN TR . XM AT B N RIS IS O R R (5 0
H, TR R X A R KA ()4 M T T S AT 330 U7 9 5 A 0 M 7 R
1.1 RS
2R SC IR X(U) A1 d (1) 43 90 2 0% 40 4 5 RS R 6 00 0 P MR 75 SO 380 B R B (B o () AT N B A
25 30 5 73 5]«
Y (n,k) = X (n,k) + D(n,k) (1)
ST N R K 4 2 7 B TP A R AR S R M R 5 Y (n k) PP TR T R L AT W (n, k)
SR ML BRI, 8 TC 2 00 5 1 T A5 B, X LR (0 R 5 W (n, )Y (K[ T A i U S ¥ 5 MR 7 3
ST AV B R M OB
Y 7(n,k) =7, i
Ao (n,k) = A (N—1,k) )
4 7(n,k) <7 i :
J5(n,K) =8y (N —1,K) + (L a,)IW (n,K)|Y (n,K)[] @®)
R a, (0<a, <L)ETWSE; 7(nk) WITRHTFROEME L 7, bR B W00 LB N R | s
W R T AT, R R L AT R B T SR i g A

N <Tyien Ao (1K) =%i|v(i.k>|2 @
i=1

1.2 AR o # it B R A R b 3t
Z% WN Bk, S IR E W (n, k) 1507 ik R )

L Xk)ﬂwkﬁ
—7(n, ~ -~ -
W(nk)=¢22=208 5 5 k) < 7, )
Yo—N
others

K 7y, 7, W7 R MAUR BB B, A SCSEOR B0 o 7(n, k) b B A T RO f MR B, R SRR 13 R LAl et o ot 4%
5 M 0 A R O 2% T — i MR R R B
~ S, (nk)
7(n,k) =m (6)
S, (0, k) Fm AT A MR

S 3T A e T L A R A R v e T A A R I VR T £ R R AT
VS A MR E R KA, T L, AR T M R A SO R I e
13 BYFBES

Sy 8 2 SR T 0595 VR DX M LA R /0N B [ D A SO £ M LA ) S e 1T R IS I I R DG A 1 £
AUV SET o TR T (k) FR B R R, R R T A Kl P 5 9 SR R 5
WL U (k) =1, %K R E S B E S KB M 1(nk) =0, TR X R B TR X . B
SN I A IS 5 AR S (n,K) SR

4 1(n,k) =0
S,(nk) =Y (n,k)|’ @)
I (nk)=1
S, (k) =, (n,K)S , (N—1,K) +[L -, (n,K)|Y (0, k)| 8
K a, 0<a, <1) FRBETHE T % w4 oF f /3 24808 T Ak A
S,(k)=a,(n,k)S, (n—1k) +[1—a, (n, k)Y (n,k)[* 9)

Ao @, (nk) ARG I BEE T I 7, H @, (nk) =a,l(nk).



55 B 5% EF AR 03 03 TR IR AT A 789

PR R REOTT R B R 1 S i OB o AT — MU 2 B R A DI, S0 R 3 AR, BN R
iR TR X, X 3 ANAME: 1) SRR AT — Wi, 2) Jr— i kA s, B EsRIE S 3) M
T4 M AN 2 AR /N, RIS i ot M s it ) T BB AR /N o 5 AT — iR T AR B G DX, A A 2 SRR —,
N Y RTMOR R TR I X, X 2 SRR 1) /i — Wi s V-0 5 00t Y s, ek YR, 2) 4
HI {5 M ELAR /0N, B2 i ot S 1 MR RS it i rT RE AR K. AU R R .

W (n-1k) =0 ;

2 2
Lk =) YO-1RF > and M=2OP g YOOL

A max A > O min
Z5(N—1k) Jo(n—1K) (10)
0, others

K o RANRIE T BIE; o, 27 M5 (.
M (n-1,k)=1H]:

1(n,k) = 'iD(n_l’k)go-min S,(n-1k) <Y (nk)|

1, others

, PRI A A0 AN 1547 X8 55 1 o AR 3, ANEEAT B F W, B n<T,

(11)

R 2], N R 2 BRI
I(n,k)=0.

B 145 T Volvo 7542 M s vt B — B0 a5 k=13 &b (197 il o TRk B2 0, H0 % 2 oy 390 Hz,
BAAGMEL 5dB. IR L a] B 1, 35210 55k v DU R 5 0 5 5 10 55 05 T R (e 4R e

et
31

normalized
amplitude
o

05 L L L L L
1 2 3 4 5 6
t/s
(a) clean speech waveform
40 T T

~+=-=+= smoothed actual noise power
— — — noisy speech power

20 R ]

smoothed noisy speech power|

amplitude/dB
I o

! L ']

t/s
(b) comparison between the smoothed noisy speech(input Rsy=5 dB, Volvo noise type and a single frequency bin k=13)

Fig.1 Projecting smoothed noisy speech power
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Fig.2 Noise power estimation obtained by the proposed method, MS and WN(input Rsn=5 dB, Volvo noise type and a single frequency bin k=13)
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Tablel Average relative estimation error of the three algorithms Table2 PESQ scores obtained by the three algorithms
noise type  input Rsn/dB  proposed method WN MS noise type  input Rsn/dB  proposed method WN MS
0 0.059 3 0.0913 0.1247 0 1.896 1.858 1.851
. 5 0.067 9 0.102 5 0.197 2 . 5 2.310 2.270 2.246
white white
10 0.066 8 0.124 2 0.8458 10 2.650 2.622 2.583
15 0.0758 0.1450 6.885 2 15 2.920 2.898 2.847
0 0.122 4 0.1515 0.1746 0 2.018 1.987 1.955
5 0.155 8 0.1920 0.186 5 5 2.384 2.356 2.308
factory factory
10 0.180 7 0.255 4 0.3181 10 2.691 2.670 2.616
15 0.147 2 0.347 8 1.554 6 15 2.977 2.959 2.885
0 0.2416 0.2617 0.2443 0 3.423 3.387 3.202
5 0.2419 0.259 2 0.244 9 5 3.772 3.733 3.386
Volvo Volvo
10 0.2427 0.259 1 0.253 6 10 4.044 4.020 3.506

15 0.242 2 0.2597 0.344 8 15 4.244 4.223 3.575
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