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( Nose Estimation and Suppression methods based on Normalized
Variance in Time-Frequency for Speech Enhancement )
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Abstract

Noise estimation and suppression are a crucial factor of many speech communication and recognition systems. In this
paper, proposed algorithm is based on the ratio of variance normalized of noisy power spectrum in time~frequency domain

. Our proposed algorithm tracks the threshold and controls the trade-off between residual noise and distortion.

This

algorithm is evaluated by the ITU-T P.835 signal distortion (SIG) and segment signal to noise ratio (SNR), and is

superior to the conventional methods.

Keywords : Noise estimation, Speech enhancement, Noise suppression.
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Fig. 2. Effect of various 6, values on SIG score with

babble and car noise environments in the range
SNR 5 (dB)- 15(dB).

Fobe THQlO FAFE Tt ZAF0E E HAYH

(90)

o+d 9

o3& AN FqFE 7+ trade-offdt 54 E
%3 vk A4} 5 dB o]5e SNR o ¢ Ao

Ws 5,38 27444 228 SNR € 59 4 A%, 15
dB oA E AojEd 5 ke AANA 23 SNR
& 272 & Ao A7 AoPaS 5,9 27 e
2 4% 01¢ AASYAT, 48 SNR o] Wk 13
4 B BAANE 249 AojAF 6,8 AT AS
MEede 542 B sk

o2 2] 79 13 2614 4 SNR 5B 1A Alo|
W 5,9 S 025 2 4 A Y SNR & F
742 4 AT SNR 15dB e SANE}
A A4 A A SAATo Aadd A

o]
o wel 4459 JFESIGE BHAF
car noise 5dB ©]3}¢] SNR olA= Ao
7FA1713, 15dB ©]44<e SNR oA & Ao
2A7VE Aol afH ot AEH R
g EA wat Aoj¥g §,& AEstd SIS
g3 FARE AAE EARHLE A
HEqA AFF MS ¢ueFe Fe5F3 e ¢
A 7 B4 A4n9ol dig ody FAHNTY
power spectrum®] HFAXE F3td & F a
g 304, SNR

babble

noise

Noisy speech signal
Borddr line

Power (dB)

1 ) Babble 5dB
1

1600 FranA\gi)ndex e &0 7 80
d|&Aab 2t car noise (15dB and 5dB),
babble noise (10dB), white Gaussian noise 0(dB)
and babble noise 5(dB)oiIAM MS &Te|&ES| 2
HE 2M DgAHEZD HSFEY

Noisy power spectrum and noise estimate of
MS method for car noise (15dB and 5dB),
babble noise (10dB), white Gaussian noise 0dB
and babble noise 5dB in a nonstationary at

=625 Hz.



2000 1€ MXA-53| ==X X 46 A SPE H 1 5 N

Power ratic
Adaptive threshold|

Uppfir vllue ¢f threshaid (up or down

Babble 5 dB

White 0 dB

. L L s " " L i
[¢] 100 200 300 400 500 800 700 800
Frame index

a8 4 8|™A TH2EE car noise (15dB and 5dB),
babble noise (10dB), white Gaussian noise 0(dB)

and babble noise 5(dB)oitAM Hetgh tmE|E

o ouE SM myauEede N

=5

Fig. 4. Adaptive thresholds estimation on the time index
for car noise (15dB and 5dB), babble noise
10(dB), white noise O(dB) and babble noise
5(dB) in a nonstationary noisy environments.

white noise SNR 0dB & F-&dde] §23] &7}8t=
TN 4R FUANE SHAIA A e
< £ F Ut

o71M, 2" 49 Aeret w
7t A= old F7ke 2
A A2 AHESRE SHATEA A
o} gkek, ARbEE Wl A

]
A=)
ol 6,8 AaANA EAE A A, TR

e R I P S
g Bal,

okl 4 (14) oM GoIN P S 9
4 (@9 2ol A w1 eF vwstel LA v
He FEIE YL e,

IF (1) < & (1), (14)

FELSE

D2 (k1) = |X(k,1)P,
G,, (k1) = G(k,1) « 0.001
G, (k1) = Gk,1) » 0.99

o714 Az AFE 00012 Z718kety, A &
Gk LOSE Z7|3} 3ot 919 daess H%
W, 20149 4, (1) & HE A A &) F v
o, g v el &)Y 2 %kg
< H &4 TeE
7 gt whof st ke] H
2 &4 power spectrum IX(k,l)
DXk, 2 30 o7|AM 34 Dn(

. % 5

].
ﬂ—?

<
o
=
re =

T

k,l)% &
power spectrum .2 FA3}aL, liz(k 1)e H ST
o) A Ao BRgor vepith o714 D2k, 1
@e eATRY A FE o 2R, HelPe
& AAs =Y AR § 149 D 2k, 1)E
DE(k1) 2 Atk 9 2464 b &4 F7& A
7+ 3 Gk, Dl 00018 F3H, 4T E 0.9
2 gad ARR A% B5 G, kDS THYG 0
AR, A FEE Z9FSE AAse 52 AL
g},

—

ok
A

X, (D = X (6, D = D2 (k1) (20)

|Xup(k7l)|2

4 QA B ST FET ST B
AR&L ARG £F, FHCDE 4 Q09 A
Adel $48 AARE $E2 AgE

= MAX(X,, (k) 0.001) @D

2. Fote Z0M HZ A A E o|E¢t
05y
Az BOQA AHEE BEE AT PEE T
F =l A3t
& (1) = 1)+6; (22)
fszff(D ° 5fL (23)
ffysz(l) * 5f[/ (24)



92 24288 ¢

a;(k)=&k—1)— (k- 1), (25)

Efzgf(k_l) * (1_na)+EfL * N (?6)

§=&k—1) « (I=n)+&y » m,
ELSE
§f=§f(k_1) * (1_7Ia)+fo M/

a8 55 FIg =ude A 5, o 9% Hg
A A & (k) & BIF3 ok 29 69 72 Aoy
T 6;° &g SNR AU SIGE vehlz o 2
Ax, AoPds 5o tFd HA e 00012 veht
o At 3 =24 98 SNR (dB)l w29
SNR (dB) ©] Wsl= Zo] ohd, §,7t 571 442 &
g SNR 3 SIG 7t Zadches 294E #dsit o
A% 54L& 29 59 (F& FM)dA 3500 Hz o]/
EE REE0 AAHY, FAd $48459 ALEE
AAH F42135.9 BaFo| A A¥ez e
st ok WiE 5.8 #AAFIE SNR # SIG 7} &
7hete $44359 HadE 7R, 3500 Hz o)
o o] FEoz A% B FE2UE FUsgch
5, ol BANE sdeted §4NEY gL F
&3 stua ¥ =3, A =HAAME £8 SNR
o] SIG$} trade—off 3 7]&9] 0|27 EAL dldq

Awt Fa4 ToQlolA £38 SNR ©] SIGS} trade-off

Ratio
= = = Adative threshold|

Ratio
o

Upper value of threshold (up or down)

Lower value of threshold (up or down)

o 20 40 80 80 100 120 140

Frequency bin
J8 5 BiEY TsEde Fags oA g
ﬁlxl xX’l
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method SNR white babble car
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SSMS 5 7.29 6.33 5.66
10 1162 1068 10.99
15 1566 1524 15.10
WIENERWT 5 10.30 890 6.14
10 14.48 1225 990
15 1785 1624 1519
PROPOSED 5 10.83 8.43 6.39
10 14.75 12.40 11.65
15 18.28 15.90 15.74
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SIG  resut for the proposed  speech
enhancement  method and  conventional
methods, 5= no degradation, 4=little degradation,
3=somewhat degradation, 2=fairly degradation,

and 1=very degraded.

SIG white babble car
method . . .

(score) noise noise noise

SSMS 5 1.65 2.69 3.22
10 2.28 375 396

15 2.96 390 313

WIENERWT 5 243 247 245
10 3.33 379 328

15 3.83 3% 3.63

PROPOSED 5 3.07 3.52 3.13
10 442 3.79 3.62

15 4.64 3.94 3.66
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speech; () Enhancement speech using SSMS;
{d) Enhancement speech using WIENERWT; (e)
Enhancement speech using Proposed.
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