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ABSTRACT

This thesis propeses an audio-noise type identification which is.a part of the process in
speaker independent speech recognition system in the presence-of noise. This thesis uses audio
noise signal from NoiseX-92 [1] which provides 13 types-of recorded noises from different
environment. The proposed feature extraction uses the spectrum inlensity from transfer function
of linear predictive coding (LPC) coefficient on critical band and use K-NN technique to classify
them. Average acouracy of 98.60% of audio noise classification is' obtained-when K=3 and
median over.9 consecutive frames. The vesults will be used for optimization of spe¢ch recognition

model in the presence of noise.
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Destreyer engine room noise
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2.2.14 dyanasunIuifuna (Machine gun noise)
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Car interiror noise
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Audio Noise Signal
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Critical
Srower ! Jupper|  f, | Bandwidth
Band
(Hz) (Hz) (Hz)
Number
0

1 50 100
100

2 150 100
200

3 250 100
300

4 350 100
400

5 450 110
510

6 570 120
630

b 700 140
770

8 840 150
920

9 1000 160
1080

10 1170 190
1270

11 1370 210
1480

12 1600 240

1720

Critical
Siower ! Fupper|  f, | Bandwidth
Band
(Hz) (Hz) (Hz)
Number

1720

13 1850 280
2000

14 2150 320
2320

15 2500 380
2700

16 2900 450
3150

17 3400 550
3700

18 4000 700
4400

19 4300 900
5300

20 5800 1100
6400

21 7000 1300
7700

22 8500 1800
9500

23 10500 2500
12000

24 13500 3500
15500
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:13tan'][0'76fj+3.5tan"( ! } (3.36)
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Hay
i 571059
Voo G5 Lo T4l M (3.37)
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3.1.4.4 ANMANLOUAIINDINGA (Critical Band Tntensity)
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Bark

I = [T L |H(2)dz (3.39)

“G

o ar 1 a s 3 g 1 -12 2 1Y A @ 3 [
ﬁ’]’r’ii'-‘]Jﬂ']'illﬂﬂ\iﬂ']cluﬁmﬁaﬂﬂ'ﬁ“ﬂl}uu l'i’lalﬁlfﬂ'] IOZIO W/m L“]Juﬂ']ﬂﬁl\jﬂ\j ANUHUIEALLD

Aa . )
AUDING A (Critical Band Level) %‘H‘ﬂﬂmﬂ

il
by = 1010g~f"—dB (3.40)
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B L 7Y (xT) (3.42)
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a v & 4 . .
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3.2.1. NM3¥ Nearest Neighbor 1n8A53

act a"c. 7 a o o &

55N 1AUNITLNIRLTRYD IINNT ToNATUITN 00NN TN T VDY
s A o : g 7 &

names Toyaandanenue Jugan 30400 a5 (Flow Char) Laastunonlunsm

o ' =Y
Nearest, Neighbor 1aitnss  lasnisdinosnissegninngmanmosvoyamndnlusioms

2 3
Narua Iaeh

exLIST LAY SNAIN O Yo gAAL1EN
14

dLIST ADLYAY BN AT NADINTTHI Nearest Neighbor

ol
d ABIAADINABINITN Nearest Neighbor

A a9 '~

ex ABLIANABIVBY A TUITN

v ' < ) o
dist ﬁﬂiﬁﬂ&’ﬁ?ﬁi%ﬂ'ﬂ?\‘ll’]ﬂm@ﬁ d NULIAMBT ex

i ' ¢ o ¢ = g
nearest_dist ADTLOLHITENNIANDT d AUNAMDS ex NiT Y Nearest Neighbor

A 4 A g .
nearest_ex AOAMDT ex MY Nearest Neighbor

o ' 4 ! g .
nearest_exrow ADAMMUIDIVOIIAADT ex NiTJ1 Nearest Neighbor

o 1 1 ' { g i
nearest_exgroup ﬁamgmmﬂqmamﬂmm ex Ni1u Nearest Neighbor
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exLIST(1:MaxExRow,1:Column,1:MaxExGroup) = not empty
dLIST(1:MaxdRow,1:Column) = not empty

v

> For drow =1:MaxdRow

v

nearest_dist = infinity
nearest_ex(1,1:Column) = zero
nearest_exrow =zero
nearest_exgroup =zero

v

d(1,1.Column) = dLIST(drow,1:Column) J

]
v

> For-exgroup =1:MaxExGrou, >
Th group P

¥
> Forexrow =1:MaxExRow
v
ex(1,1:Column) = exLIST(exrow,1:Column,exgroup)
dist = |ex -d]|

dist < nearest._dist

No

nearest_dist = dist;
nearest_ex(1,1:Column)=ex(1,1:Column);
nearest exrow=exrow;
nearest_exgroup=exgroup;

>

Y

last exrow

No

last exgroup

No

Yes

result(drow)=nearest_exgroup

last drow

No

U7 3.14 0995 13MUIUNT Nearest Neighbor Taunsa
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3.2.2 M5M1A1 K-Nearest Neighbor
A A 1 4 o & -4
ﬂ’lﬁﬂ‘i%glﬂﬁﬂuEJ&Jﬂﬂﬂ?JEﬂQﬂuW?Nm‘i“ﬂ'l Nearest Neighbor AOMINT  K-Nearest

y yas A o ! Yo o Y o oA <
Neighbor 1@ nsalidnilumstanguldnunmmesla q Winunquittsinguiniigaues

o 9 o 8 & P o w A A W & da v oa
nﬂLﬂ@iwiﬂﬁﬂUﬂﬂmﬁ]ﬂ‘ﬂ”lﬁu'lﬂuuaf]ﬂﬂf!ﬂﬂ’]u?u K a7 Wﬁﬂﬂﬂuﬂﬂuﬂﬂﬂ@ﬂ’ﬁﬂﬂﬁui%iu
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311 315 mstanguTlagedinsdndulived K-Nearest Neighbor

~ o 9 o v A S = 1A Y
NN 3. 15 e la1minenen15iaai 199 Nearest Neighbor 1HBaA1RE11A7
Vv Ao ¥ A 2 =] oA P 1

019 lananinanaa 1¢ {84990 Nearest Neighbor Huotailumainamnmidoguoiaun
== 1 v a o @ a3 1

Aula updvanldnisaadulsnes Nearest Neighbor- lugdudamatenazaholiiiam

VY A dy A d 0 . o o w
gnaedlumsaadulonniu aalvaams nnnifiudami Nearest Neighbor 31471 K 81911 92

waaRagli 3.16 Jagh

- o 9/ a

exLIST ADLEAYDNINIFB TVBY AN HITA
o »

dLIST ADLYAYDIININDS TIABDINITHA Nearest Neighbor

A e Y )
d ABDLIAADINADINTTH Nearest Neighbor

=} o g =%
ex ABIIAINDTVBYATUITN

1 " o I '3

dist ADTTULHINTEVINIANDS d NUNAINDT ex

A 1

{ o ° o_w
nearest_dist A1 dist MY Nearest Neighbor 311U K 81U
A s = g . o o w
nearest_ex A01ININDT ex MU Nearest Neighbor 271UIU K 21U
o 1 o { o 2 o 0w
nearest_exrow ADAUNUWNIVDIIAADS ex 111 Nearest Neighbor 11HU K 61AU

o T 1 o 1 g . o o w
nearest_exgroup ﬁ@muwmﬂqmmnﬂmaﬁ ex MU Nearest Neighbor 91U K f1a11



43

Start

knn = K nearest neighbor
exLIST(1:MaxExRow,1:Column,1:MaxExGroup) = not empty
dLIST(1:MaxdRow,1:Column) = not empty

v
> For drow =1:MaxdRow >
TN

v
nearest_dist(1:knn,1) = infinity
nearest_ex(1:knn,1:Column) = zero
nearest_exrow(1:knn,1) = zero
nearest_exgroup(1:knn,1) = zero

v

!1(1 ,1:Column) = dLIST(drow,1:Column)

v
> For exgroup =1;:MaxExGrou, >
¥ group y P

ST i g For exrow =1.MaxExRow >

[
Y

ex(1,1:Column) = exLIST(exrow,1:Column,exgroup)
dist= |ex - d|
ps = max(find(nearest_dist<=djst))

PsT0SH < Tps=( ]
Yes
ps=1

%Shift old data
nearest_dist(ps+1:knn,1)=nearest_dist(ps:knn-1,1);
nearest_ex(ps+1:knn,1:Column)=nearest_ex(ps:knn-1,1: Column);
nearest_exrow(ps+1:knn,1)=nearest_exrow(ps:knn-1,1);
nearest_exgroup(ps+1:knn;1)=nearest_exgroup(ps:iknn-1,1);

No

%lnsert new-data

nearest_dist(ps,1)=dist;

Vesmnearest_ex(ps,1:Column)=ex(1;1:Column);
nearest_exrow(ps,1)=exrow;,

nearest_exgroup(ps,1)=exgroup;

No

/’
last exrow

No

last exgroup

No

Yes

result(drow,1:knn)=nearest_exgroup(1:knn,1)

last drow

No

U7 3.16 Tla2917NA15A 149811 Nearest Neighbor $1191 K #1614

(9]
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e o

o = o U 9 A a P J
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45

o d

4.3 MIMHUAMININHNBIAN 9
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TunpumMsanammManyuedyvesdyaamugln 3.1 uaznszuaumsdaduls

Tavodumailn K-NN awgifi 3.5 aansoaguamininesas q 1ddnsei 4.1

y 1 = a1 a
M3190 4.1 ATmesaiee nlFlumsnaaos [6], [7]

] 1 a d 1 ci o
NITUIUMST 9']']!1‘1]5 ATNWIITUHLIADT AINNHUA
N a1 luusazimsy 300
Frame Blocking — 5
o @ 1 =q Y 1 [
M UMD I H AU T IR AL AT 100
Windowing w(n) I Ta S an 4 Hamming
Transfer Function from . A\ e
P VAUTNY T8 TN LPE 24
LPC Coefficient
Critical Band Intensity Bark SMAUNAWETANUT UL BANLRING A 19
e M\ T 3,5,7.9,11,13,
K WAV INUINYAD 19897 InalResnyganadol
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weayalaaliyusgiudya
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4.4.2 wientateyaeemily 2 ya Nlidrimnillassgasreds uazganaaoy
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AN 4.1
7= Snawdeduiamaluudas g — N + M
M
_2,593,465-300+100
100
= 25,9326
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(i)

_ Erame Blocking
M =100 , r-'fo-’.,,M,
N =300 FTY
Srame =121 5000

Hamming Window

W) = 0.54 -0.4600{ i

(N-1)
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Average 19.81 55.37 90.94 126.54 162.02
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Audio Noise Classification using Bark scale
features and K-NN Technique

Cherdehai Eamdeelerd

Kraisin Songwatana

Department of Telecommunication Engineering,
Faculty of Engincering. King Mongkut's Institue of Technology Ladkrabang

Chalongkrung Road, Lardkrabang, Bangkok |

Abstract— This paper presents theattdio neiseelrssification
using Bark scale features and K-NN techmique. This paper uses
audio noise signal from NOISEXN-92 (12 types) 1) We
determine the transfer funetions Trom linear_predictive coding
(LPC) coefficient of aoise signal on Bark.scalewand. use KNN
technique to classify them. The—eesults will he wsed. o
optimization of speeeh recognition modelin the presonee. of
noise, The highest  avernge  acturaey . for  andio—noise
classilication is obtained_when _K=3 and _wedion uver S
consceutive frames.

I INTRODUCTION

Envicenment noise isarmajor factor whicl degrades the
pedtormance_pkspeech recognifion Sy stemis ok ave/ can
classily noise and“seleet specilie” noise added” speech
model for noisy speeth gecognition. iCwill increase the
perlormdinge  of  specch’ recognition) system. Block
diagram of audio noise Classification. for_noisy . speech
recognition system 48 ilfusttaled Gn Big.t. ~The silence
speech is supposed o -be-background noise ol the cufrent
noisy specch. | This? papei’ Toduses on andio (noise
classification ‘which has twa stepssfeatire extraction of
dudio newcstanall using Bark seule fBawres” and K-NN
elassilicaon techmques

NolsySpeect

Sijaee Skl
Il

N Labled e

Nndia Noi "'Ef‘ﬂ"""'

Kl Dieension mle

Rl TS
Mo Pl ecniGa ]

s Ciein
Ao

Spec i) et ]
i

fpeech Recowmition

ResultofMNaiswSpegsh
fecognitign

Fig. 1. Block diagram of audio noise classification fopmwisy speech
recognition system

Il FEATURE EXTRACTION OF AUDIO NOISE SIGNAL USING
BARK SCALE FEATURE
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The Bark, scalé™gatures are extraction from audio noise
signal illustraedtin

A= 100

R T

Hanuaing Window
||'(n) |

Transter Function

the ouder o LPE
from LPC Cocfficeint

3.0,
124

Critical Band Rate e — A
Seale Crivigal Band Intensity

#C‘B.’,_M (Burk)

)';.,n_,“ ~fl.m;

19-Dimension Feature Yedtor of
Audio Noise Signal

Fige.  Blotk diagranof feature extraction of noisé signal

Ao | Frwne Blockmg

Auwdio apise Sigatl $eis blocked i frume of N samples,
shiftingZevery - M stmple foreach lramesd This process
conunues until all the noisgdata,is accotmed for within once
@ more frames. [ is thegamedndes and L is the total
number of frame:

% 12N
.S(:\:I:'+u), i :“ % el (1

x,(n

The short-term analysis principle is an accepled approuch
o speech  processing. The speech  signal  changes
continuously due 1o the movements of vocal system, and it is
mtrinsically non-stationary. Nonetheless, in short segments,
typically 20 10 40ms, and overlap of 50% w0 75%. speech
could be regarded as pseudo-stationary signal [2].
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B, Windowing

Hamming window (3115 applied to cach individual frame
{o minimize the signal discontinuities at the beginning and the
end of each frame.  The concept is identical 1o the one
discussion regarding to the frequency domain interpretation
of short-time spectral analysis, which depends on windowing
of speech waveform. The results depend on the properties of
the specilic window function. With a window of [nite time
durgtion, the window can move progr ssively along  the
speech signal 1o select short sections for analysis,

Consider  wi{n) uas a

window  function, when
oLns N1, where Nis window size. The exuracted-signal

with window Tunction can be defined by

| [ &3]

xy(n) = x (n)wlr) o€ -
’
Sinee. Hamming Windew is Tamously=used as_the window
function of speechanalysis. The himming Window. is ajven
hy

2 )

i) =054 - 046wy
0y

w[n) “Audia Noiss Siganal afier®1ame Biacking

§u| i 7 "1.‘; ‘I 'L"’I i I ‘é |
j g b B icica

n sample aumaer
win) Harmirg Window

- .. ”
= l.‘.‘"'*-_
. L L I
100 150 200 20 Eit)
n campio Aumacr
X=Rwin) Wirdowing
a3 o1 3
2 -w.mw.'xrr«ﬁﬂ‘MM,w#,\-. M"‘ff‘lw‘ g i
i
i o1 L L 1 " . :
u 50 100 150 A0 260 a
n sampls AUmMAer
Fig. & Examphaudio noise signit of swandowiiig process Witl 1he frame

blocking N =300

C. TransferFunetion'from LPC Coefficiant
The basiciidea of theLRC mode s

Liven speech.stmple

at time nosla)  can e Yapproximated  asosae Yipear
combination of the.past, P speechsample as below
f)
siny= Zuk.\(n'—k) (4)
k=

where the coefficients a, are assumed constintoves dic

speech analysis [rame,

We convert (4) Lo an equality by including an excitation
term, Gu(n), giving

P
.\'(ﬂ):ZuL.\(n—k)+(}'um) (5)

k=1
where 1(n) s o normalized excitation and G s the Gain ol

the excitation [3.4]. By expressing (5) in the z-domain we get
the relation

P
S(2) = a,z7*S(2)+GU(2) (6)
o
leading t6%the. Lransfer function
Sig I
HDINGE, - )

- ! - - P )
(J’( ( ) l b Z a7 &
EPC.Spechin s

[Ht | =aiReliz) | + Im[ )| )

Norawlize JLPC spectrumlis
|Hay
LT Hi ZJI

BRCLSLL) P

THel X

where manH( 3 ]I 15 magimum vadue o LPC spectium

Do “Barkseate and Critical ancdlneepsity (CBI)

The Bugksealets a psyChOaCIusties specirum measurement
whosa property vorrespands Jtor human hearing,  In other
words, | it is" based—on—the—fact that ‘ot hearing system
apalyyes speech with.critical bands in@nsigy=(CBL). The
conceptol erftiealbund hastbeen developed 15.6]0 Some
experiments have shown that critical band§are narower
atthe region ol low frequeneies-than at thesregion ofhigh
frequencies.. The eraieal hands sreanalogous tothe band
of @ spectrim analyrer withrvariable cenler frequencics
andbyndwidih.

Based.on theymcasurements by Zwickgifs|. the Bark scale
is uppraxinidtely ‘exprassed in terms afthe linear frequency
by

P 5 13arctan(0.76 % 10035

1
F 3 SarctafQy s < 107 g1

The range ol humanauditGry lrequeney spreads from 20 o
20,000 Hz, Weovers approximately 25 critical bands on Bark
scale, Forexample. the loweSt critical band is represented by
A= 11Bark) £, the cenfer [iequency of a cringal band. is = 50
Hz when f — da™he caicsponding critical bandwidth &f can
beexprosied by

5 P69
a,'-‘-iﬁ«‘!s[wl‘-nm “_ﬁ"] (1
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The duration of cach frame of noise was 27.21 ms (300
points) with an overlap of 9 ms (100 points) between
successive hames, By using 24-1h order of LPC coellicient
transform (o LPC spectrum and normalized LPC Spectrun on
Bark scale w caleulate unit veetor of CBI(Bark) Tor each

Irame.

TABLE |
RESULT OF AUDIO NOISE CLASSIFICATION USED ONE FRAME OF EACH NOISE

Noise Name h=3 K=3 K=7 k=9

1. White noise 100.00 96.67 100,00 100.00
2.Pink noise 96.67 96,67 06.67 O Ak
3. HF channel noise 10000 TO0.L05 T00.00 | 100.00
4. Military vehicle noise 96,67 93.33 90.00 9338
S.Tank noise 100.00 100,00 1RG0 96167
6. Machine gun noise 96.67 100.00 93.33 Q133
T.Car interior nyise 106 100,00 100.00 T

8.Specch babble 9067, 96.67 933 23.33

Y. Factory oo noise | 838 15000 H0,08 B33

10.Jet gockpit noise 2 96i6? 26,67 43,73 Gx 23

1. Destrgyer engine room

10000 10700 10000 Honn
N1 s

13 Destroyer@peration room

& 160,00, | 9667 | 9667 | 9607

95,28

Averige dceurucy Y722 96,39

TABLE L
RESULT OF AUDIG NOISE: SIFICATION Wy K= 3
AND MEDIAN OVER § CONSECUTIVE FRAMI OFEACH NOISE

Sumber—{~ Number | Number
Noise Nome (K=$) oft off ol

Frame=1"TFrame=3 [ Frumeé=5
L. White noise 100,60 100,00 10000
2.Pink noise 96,67 100,00 L0360
L HEchanpeliose 100,010 1O, 100.00
4:Military vehigle noise 96,67 |\_100.00 100W0
5. Tank noise TO60 LN, () 100,00
6.Maching gun neise 90.67 WEHT 100,00
7.Car intesiofgoise 100,00 Too.na 100 (0
8.8peech bapble 26,67 BT HO.00
9. Factory floornosé.] 0,00 90.00
10Jet cockpit noisen2 96 67 100.00 100,00
i(’)i?s"m"r engine 1Y 10000 100,00 100,00
J]}i:’:\'\rm}-cr operation room L0006 100,00 10000
Average accuricy .22 GR.61 EVATY

In Table T all values reprosent average accuracy rate (%)
of the expenment. Audio noise classification used one frame
of each noise with K=3, K=3, K=7 und K=Y. The last row on
the Table T shows the rage accuracy.  The aceuracy for
cach Kis 97,226, 96.39% . 95.28% and 95.28% respectively.
From Table Tat K=3 the highest average accuracy is oblained.
We used K=3 and median over conseculive Irame in an
AUCMPLLO IMProve aceuracy for nextexperiment.

Table 11 shows improve average aceuracy rate when we
median over 3 consecutive frames,  This model has aver,
aceuracy ol 99.16%.

V.  CONCLUSIONS

The result of audioaoistglassification using Bark scale features
agd K-NN technique ats3 and median over § consecutive
Frames have shown the highest average accuracy of 99, 16%.
Incrtasing Kaesults o d le miecuracy . however using more
Jane as medri resulls (0 increase accuRicy,
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