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Noise Detection with Multi-class AdaBoost
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Abstract A noise signal decreases speech recognition rate. Therefore, noise reduction is important, and it
needs to estimate the noise signal. However, estimating noise is difficult when the noise happens suddenly in a
speech. We proposed the method for detecting and identifying the noise in a speech, where it happens suddenly.

Its effectiveness is confirined at SNR -5 ~ 5dB for the noise duration time 200 ms.
Key words noise detection, AdaBoost, Multi-class

1. 0000

00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000 0
00000000000000000000000 01 obobbobbbboon
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000

00000000000000000000000
000000000000000000000000

gbobooboooobooooooboobooooDbo
gbooooobooboboobooobobooboobo
gbobl1obooboobobobobobobooo
gbooooboooboood
gbooboooboboooboboooobobann
gbobooboobooobooboboboobobobo
gboooao
gooooobooooooooooooooon

N



02 0000000000000 (SNR 5 dB)

gbooboooboobobooobboboobooboo
(FBANK) O Multi-class AdaBoost 000000 OO
ggboobooboooobboobbooboooobo
goboobooboobod

2. g0ooboooo

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00 ([)000000000000000000000
000000000000000000000000
0000000000000000000000 10
000000000000000000000000
00000000000

00000000000000000 HMMOOO
0000000000 ([2BO0000 HMMODODOO
000000000000000000000000
000000000000000000000000
00000000000000000

3. AdaBoostOOOOOOOOO

oooo0ooooooooooooooooooon
00000 10000000 SNROOOODOOOOoO
00o0oDooooDo0ooooDooooooon 2
go000do SNRAABOODOODODOODOOODOODOO
0000030000000 00bO0oonoooogono
000Do00o0o00ooo0oDooDoooooooDo
00o0Do0000o0o0oDoooooooooooooDo
00oDo00ooooDoooooooooooooo
oooooood

3.1 AdaBoost

AdaBoost 000D 0D O0OODOODODOOOOO
oo0o00oooooooooOoDoooooooooDo
0000000oooooood BoostingO OO O

train data
(e, v1)500 (%1, 9),00(x,, 9,)

Y

(1)Initialize data's
weight w |

/@ |

(2.1)Learn

~

weak learner 4,(x) ||(2-3)Update data's
weight w, . ;
I t—t+1

A
(2.2)Find weak

learner's weight «,

\_

@) Hix)

/

Il
0]
S
—
M-
R
=
=
~—

0 3 AdaBoost 000

O000000000AdaBoost 00O DOODOOODO
goobdgddodoodoooooouooogoogo
goooooogdooooooooouooogoogo
gobdoooooooooooooooooooo
ggoobbbooobbbooooobbbooooobooo
goodobobbboooooobbobbuooo
gobogbodboooboobuooboobon
00000000o00o0D0oU(djooooooooo
00D00000000000000000 [5[60
0000 AdaBoost 00 OO0 O0OOOOODODODODO
0000ooooooooooooo (o 3)o
0000000 x00000 ¢y={-1,1}0000
00000 (x1,91), . (zn,y,) 00000
(1)0D00000

for

if y;

i=1,..,n
+1
1

Wi < -—
2m

else




oo0mbOy,=1000000000I10 y=-10
goooodbw,, 0¢t0000000000000
.0boobgoobgobooboob

(2)00
for t=1,....T
(21)000000000000000 h(z)000
000 he(z) ={-1,1}
(22)h(x) 0000000 000
e «— 0
for
if  helzi) F i
(23000000000 OO

1 (1€t>
oy +— —log
2 €¢

(24)000000 w, 000

i=1,..,n

€t < € + Wy

for i=1,..n
Wt wi; exp (—ou(x)yshe())
t i < n
i Ei:1 wt,ieXp(_at(-r)yiht<x))
(30000

T
H(z) =sgn <Z atht(x)> (1)

0000 k(x) 0 0000000000 0OOOOO
gugboboggbooodoboboobbooboaooo
ggbgbobooboaobooabaooooobg

3.2 Multi-class AdaBoost

000 AdaBoost 0O 0O ODOOOODOOOOOO
00o0Do0o0oo0ooooooooDoooooooo
000000000 oooooDoooooooooo
0000000 O00oDoooooooooooooo
000oDo0oo0oOo0ooooooobOoooooooo
0000000 AdaBoost 00O OOOOOOOOO
00o0Do0o0o00ooDoooooooooooooo
ooo

1000000000000 o0ooo0oooooogon
o00o0ooooooooooooooooooo
Multi-class 000000000000 OODOOOOO
ooooo

AdaBoost

AdaBoost

AdaBoost
only voice

noise K-1
or
other

noise1
or
other

or
other

‘ C(x)=arg max, H*(x) ‘

4

‘ smoothing ‘

Y

[ output ]

04 00O0O0OCOO

(Hoo
KOOOOOOOOO (21,91)s e, (T, Yn)
yi ={1,.... K}
for k=1,...,. K
(1.1) 000000000
if k=yi
yr — +1
else
i — -1
(1.2)(z1,y%), ..., (z,,yF) 000 AdaBoost 000
0000 ()oooooooooo

H(2) = <T1 Zafhﬂm))

t=1 ¥ =1
(2)00000

C(x) = argmax H"(x)
k

0 O Multi-class AdaBoost 000 O00OO0O0OOOO
o0oDo0oo0ooooooooooooooooo
0000100000000 200000000000
ooooooood

3.3 0O 0O O
goodooooo 20ms000goooooo
gobobooboooboooboooboooobo

— 3 —




gobobooboooobboobboobooooo
gobobooboooobboobboobooooo
gobooboobooooboboobboobobooooo
goboobooboooobboobboobobooobo
ggod
gogobobooobobooobbooobbood
gogbgboaooo
goobooobooo3booobooboooobooo 7
obooboobooboooooboobobooboboonoo
oboboooooooooobooooon
oboobooobooooboooobooboboon
oboooOobooobooooobobooobbooDnn
obooob0200ms000000 100 msOOO0O0OO
ubooooboooooobo 40000

4. 0000

obooboooboooooobooboooooobon
obooooboobooog

4.1 0000
0000000 ASJO000O0O0000O0000O00
0000000000000000000000210
x 10000000000000000 50x 00 240
ooooooo

00000 RWCPOOOOOOOOOOOOOOO
000000000000000000000000
0ooooO

AdaBoost 100 00000O000000O000OOO
00000000000000000 SNROOOOO
000000000000000000 SNRO-5dB
005dBO0000000O0000O00
00000000100020ms00000000
SNROODOOODOOO 10300000000000
000000000000000000000000
000000000000000000 SNRO-5dBO
0dBO5dBO 300000
SNROOOOOOOOOOODO0OO0O0O0O0000O
00 s(t)t=1,.., 7,000 nt)t=1,.,7T,000

T
: t
sMeanPower = 7Zt:1 [5(2)]
T
T
" t
nMeanPower = 7215:1 n(®)l
T,

01 0D000oOooooooooboooo

SNR _JiRHIR(%) EEE%) BERE%)
-5dB 97.7 95.7 99.9
0dB 975 95.7 99.7
5dB 95.5 95.8 98.9
sMeanPower
SNR =101 —_—
o8 <nMeanPower >

oboooboobooobooooboooobooon

obobooboooboobooobooboboOo 20msd0oQon
000 10ms00001-097z"'0000000000
gbooooooooon

4.2 0000
oboobooobooooboobooobooobooobon
obooooooooooobooboocoooobonbo
obooooooooboooooooboobobonoo
obooooooooooobooboboobobonoo
oboooooboobooboobboOo3omsOonon
obooboooboooobooboooboobobon
gbooooobooooooooboo

0000000 (Detection rate)d0 O O (Recall
rate)0 0 O O (Precision rate) 0 300000000
o0Oo0O00DO0000oDOoo0O0 TpODOO0ODO FpO
goooTr™mboooobo TeOOOOOOOODOOO
oon

T
DetectionRate = P

Ta
Recall Rate = M

Ta

T

PrecisionRate = P

Tp+ Fn

goobooobobooobobbooobbooo
gobbooboooobbooobboobobooooboo
goboboooobobooobobobooobbooaooo
gob1000d
O00O0SNROOOOOODODODOOOOOO 95%0
gooopoooOdoopoosdBOOOOOODOOOO
gobogboboaoboaoboodaoad

4.3 0 O0OAO

4.20000000000000DO0O00D0O0OOO
goboooboooboobbooobooooo
gobobooboooobbooobbooboboooobo

— 4 —



02 00000

SNR |/ A REERIE (%) FRHE(%) AR (%)
-5dB 99.7 97.7 97.4
0dB 99.6 97.5 971
5dB 99.7 95.5 95.2

T T T T T T
T TR R T B

05 O0000oO

gboobooobooboboobooboobooooobonbog
gboobooboooboooboobooboboboboobo
20000

02000000 SNROOOOO99.5%00000
gooooooboboobobboboboboooooogo
gogboboobooooboboobboobobooooboo
gobooobooobooo
ggobobbooobobboooob sobbboo
goboboobooooboboobboobobooobo
gooooo

4.4 00O0D0O0OODOOOOODOODOOOO
4.200000000000000000 SNRO
ooooboobobobobooooboooboobonbo
SNRODOOOODOOOODOOOODoOoOOoOoo
4.200000 SNR-O05dBOODODOOOOOO
SNR-5dBOO0O0OdABOOOSdBOOOOOOOOO
0 AdaBoost 0000 O0O0O0O0O0ODOOOOOOO-10
dBO1odBOODOOOOOOOOOOODOOOOOO
0000000000000 0AdaBoost 0O DOOO
gboobOioooobooboboonoo3onbon
oooo00o0ooDbOoo0oOob00ooDbO SNROODOD
ouboooooooooboooobooooboobonbo
SNROOOOOOODOODOOOOOO SNROO
gbooooooboooogooboo

03 0OO0OSNROODOODOOOOO

TAMT—2MDSNR

-10 -5 0 5 10
SNR-5~5| #&m#*E 976 977 975 955 827
@2tRA%)| max 957 957 957 958 954
BHE®Z 999 999 997 989 842
SNR-5 | #tH%& 996 993 966 767 39.0
¢ BWEE 996 996 996 995 992
%‘ Hii®k 998 996 968 767 392
Z| SNRO HRH®E 986 987 985 934 699
Ea®= 977 977 978 977 972
BE®Z 997 997 995 944 707
SNR5 BH#®= 955 957 958 955 87.7
WEE 914 915 917 917 911
HER 1000 998 997 994 91.3

04 00 SNROOOOOOOOOO

TART—2MSNR

-10 -5 0 5 10
SNR-5~5] &R 97.6 97.7 97.5 95.5 82.7
| 98.0 99.7 99.6 99.7 96.5
" EfgsR 956 974 o741 952 798
%‘_ SNR-5 B 99.6 99.3 96.6 76.7 39.0
% E B 99.6 99.9 99.5 97.7 94 .4
Py IEM 99.1 99.2 96.1 74.9 36.8

SNRO R R 98.6 98.7 98.5 934 69.9

E R B 937 993 995 985 959
Nk 924 979 980 920  67.0
RS 955 957 958 955 877
E B 80.1 933 984 985 966
2R 765 892 943 941 846

SNR5

OOo0o0O0pooOO0O0SNROOCOODOOOOOOO
oo00O000000030000 SNR-5dBOODO
00000000000 SNRSABOOOOODOOO
76.7%000 SNR0OdABOOOOOOOOOO SNR 10
dBOOODO0OO0O0 699%000000420000
goobooobooboboobooob-5dBOodBOO
ooooooobooooobooooboobobooo
oood

4.5 DOO0O0OO0OO0OOOO0OOOO0DOOO0ODbOO0O0OO
4.4000000000000000DOODOO
gbooogoo 40000

04000000000 SNRODODOOOOOO SNR
gbobooboobobooboboboobobaa
OOSNR-5dBOO0OOOOOOOOOOOOODOO
OSNR10dBOOOOO 944%000000000
O00O00000O0O0OSNRSdAdBOODOODOODO
000000000 SNR-10dBOOOOO 80.1%0
oooooooooooooodBODODOOOOOOO



0000000 SNR 10dB 00 95.9%0 000 SNR
-10dBO0O 93.7%0 0000

gogobobooobobboobbooobbobooo
go0ooooooooo-s0s5dBOOOOODOOOO
ggbogooaboo

5. 0 onon

0000 AdaBoost 0O OO ODOOOOODOOODO
goooobooooooobboooobboiooo
guobobooobobooaooboaobboobooaooo
ggbobogoobooboooboboobboobooooo
gugbobooobobooobbooboboooboabo
ggbobobooboaoboabooobgad

O O

[1] V.Stahl, A.Fischer, and R.Bippus, ”Quantile based noise
estimation for spectral subtruction and Wiener filtering”,
Proc. ICASSP 2000, pp.1875-1878, May 2000

[2] ODODODO,0000,000,0000,’HMMO0OOO
goooooOo”,00000oooooooo, SP99-106,
pp.79-84 (1999-12)

[3) DODOOOO0O0O0OO0’00DBOOOODOOOODO HMM
OsSNOOOOOOOooOooOooOooOooOooooroooo
000000000, Vol.101, No.522, pp.51-56, 2001-12

[4] Paul Viola and Michael Jones:” Rapid Object Detection
using a Boosted Cascade of Simple Features”. IEEE
CVPR, vol.1, pp.511-518, 2001.

[5] Kwon, O., Lee, T.: ”Optimizing speech/non-speech clas-
sifier design using adaboost” Proc. IEEE ICASSP 2003,
pp 1-436-1-439. pp. Apr. 2003

[6) DO0OODOO0OO0OO0OODOOO0OD O0: ”Real Adaboost 0000
00O0o0oOr, 000000 20060000000002-P-120
pp.117-1180 2006-09.



