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Identification of Underwater Ambient Noise Sources
Based on Feature Vector

by
DO-JIN HWANG

Department of Ocean Development Engineering

Graduate School of Korea Maritime University

ABSTRACT

Underwater ambient noise originating from the geophysical, biological, and
man-made acoustic sources contains information on the sources and the ocean
environment affecting the performance of the sonar equipment. In this thesis,
three steps are used to identify the ambient noise source, i.e. detection, feature
extraction, and similarity measurement. First, we wuse zero-crossing rate to
detect the ambient noise source from background noise. Then, a set of feature
vectors of the ambient noise source using Hilbert-Huang transform, MFCC, and
Karhunen-Loeve transform is proposed. Finally, the Euclidean distance is used
to measure the similarity between the standard feature vector and the feature
vector of unknown ambient noise source. The developed algorithm is applied

to the observed ocean data, and the results are presented and discussed.
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i=1
x(t)=a, () +ay(t)+ 2, (t) (4.14)

Fig. 4-4+= x(O9] Aztg S 3 gS vekd Add =7 v 7hef sge=
ol AHE™ A AA, F WA P A (41l=14)l &z () +a)E W
Bt Al A, bl A S 2 x, (), () WERATH 2],

flo

= T T T T T T T T
151 —
1k -
1 w ’V‘ _
E
£
0.5 -
A -
sl X, (04, (1) X, (D)%, (1) X, (D)4 X, (0,1
e L L L L ! | ! | |
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Time(msec.)

Fig. 4-4 x(t)9 Azt 9 =13
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Fig. 4-56= A3 x(vo 29 EHS Yed Ao

=
dito] 1 kHz, 1.2 kHz, 1.5 kHz Al 7FA 2 A& &AT 5+ Ut}

Magnitude
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X0
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X0 x0
kHz 12HE

0.2 0.4 0.6

0.8 1 1.2 14 1.6 1.8
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Fig. 4-5 x(t)¢] =FEH
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Fig. 4-62 A% x(O2FY F5d WF 2= g5 e

3 1 ogon
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Fig. 4-72 A% x()¢ HE-F¢ W] A3z A-FaF-oyA ¥
Bz xd5s A & 5 U
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4.3 MFCC

MFCC(Mel-Frequency Cepstral Coefficients):= & A4 <l2oA g A}

$931 9t 54FF QuIEoRA A% At AFH G9elA W@y

=
ojth. dRFA 0% mel A== 1000 Hzoltol A= &40 3
2 vjEsy I ol deld s tieAos =
< A= A (4159 Zo] YEE 5 gl

o
Fy.
£,01 = 2595logy (14 ~0=) (4.15)
6 @
Input n-th Windovwi
frame: B (m.rmg 2 FFT » Magnitude
S(n) (Hamming)
@ ® ® v
(k) BOT Lo I lMel Filter Bank
(k=1-12) 2 g I Processing

Fig. 4-8 MFCC % %4
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i
ki
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Fig. 4-8& MFCCE +3&t+= 34 W Aol Al 215 S(n)eo] ¢
AW 20 mse ZH Y ZHo] dHE £, o] F 7} zH A 50 %
ZE (overlap)stda A 2+ Z# Ao Y U= (hamming window)S 4 &3sx
FFT3 % Fu4 ) 9de o] 709 critical band filter2 Y3 7} bankoll A
o] oY AE Fety, W= o yXe 25 FHek & o]ak FAFQl W 3 (Discrete
Cosine Transform, DCT)E 3t HE AU MFCC7F ot £ =A==
123 ~12%¢] MFCCE 54 ¥WH=Z 483t

critical band filter®] 2 ¢ % TAFI5o A4 WP 7 2
31 5o 717@5]‘_[:]_. 2 =3 A e Fig. 4-99 7L°] Abzbe HEokel A
stRom FAFISE 1 kH2H A = Add - o= A8 1
S92 E¥3E 20709 bank® o] FolA 9lth.
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o
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o
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M
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Fig. 4-9 Critical band filter
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45 di€ln]

) | 1] 2l (pattern comparison)+ #5H Y9 FFAFHoA FE=3 =y
d EAWME} vy FE53 F 1¢ e
% (similarity measure)E H] 1 dl= H-S T3k},

FAES Fele W oRE FF8= 78 (euclidean distance), v El-H]

2~ A 2] (mahalanobis distance), ©] €52} A 2] (Itakura distance)s ©°] l+=d =
E=vodAe FEYHE AYE AEst FAIEE Tete] HYbluE Tt de
o kA o7 2 (4.16)3 o] Ao H}

D=1X-YI=yX-Y)(X-Y) (4.16)

71, D= 8= Aol X, Y= 27 SAWME S YETHI5]
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5. Algd ol H A3

7)
kHzZ 391 wiAagse Hrr @A 7190~ o (Additive White Gaussian
Noise, AWGN)2. 2 S Eddstden Ao 3F5H= 10 dB= st
Aot

Table 5-1. &5 4 AB(FEHoIH 2 AAdolH)

List of Reference Data Né’ff:l?«gz 5-0[ Test Noise Source NEE?EESM
Classl =Blue e 3 | Test) Blue Whale 1
Class2 :Earthquake(1~4) 4 | Test) Earthquake(1-2) 2
C;;‘j;f’p:bam Whale(1-6) 6 | Test) Humpback Whale(1~2) *
Classd M i Whale(1-3) 3 | Test) Mink Whale(1-2) 1
Class5 : Sareilet 6 | Test) Sonar(1~2) 2
Class6 : Carpenter Fish 1 | Test) Carpenter Fish 1




B o=l A dagse] JAT #AH2 Fig. 5-19 €A =S F 6o

& w7 AT MA E =EolA AT RdE Fxdolyel e 2 E-

Input unknown
noise sources

Divide frame
(20ms)

&. 30%

n overlap
Detection
(ZCR)

Feature extraction
(MFCC,HHT,KLT)

measurement
(Euclidean Distance)

(Euclidear —

Identification ‘

‘ Simmilarity

d

Fig. 5-1 24d du8g 59 &=
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52 AlEgd ol A

=1 ol A

duglsom 97 e Aol e A&

A AME-FF AP}

—
Q

=5
(@)

T
[\
o
—
Q

=5
@)

T
w
flo
N
N
Yo

MFCCE °o] &3 FFoed

Aol A & A¥E vErd Aol

Table 5-2. Al&dolA A3} (HHT & KLT)

Test Noise Source

15t Identification

20 Jdentification

34 Tdentification

Test) Blue Whale

Class 1 {Blue Whalel)
(2807 667) 42%

Class 1 (Blue Whale3)
(120 667) 18%

Class 1 {Blue Whale2)
(307 6671 12%

Test) Earthgquakel

Class 2 (EarthquakeZ)
(83/7321) 26%

Class 2 {Earthquake3)
(83/321) 26%

Class 2 (Earthquakel)
(39/321) 12%

Test) Earthguake2

Class 2 (EarthquakeZ)
(357 154y 23%

Class 2 {Earthquake3)
(327 154) 21%

Class 2 (Earthquaked)
(2871547 18%

Test) Humphack Whalel

Class 3 {Humpback Whale5)
(437142) 30%

Class 3 (Humpback Whale3)
(207142 14%

Class 3 (Humpback Whale3)
(7/142) 5%

Testy Humphack Whale2

Class 3 (Humpback WhaleZ)
(347 120) 28%

Class 5 (Sonarl)
(67 120) 5%

Class 2 {Earthquaked)
(5711200 4%

Test) Mink Whale

Class 4 (Mink Whale3)
(677319 21%

Class 4 (Mink Whale2)
(577319 13%

Class 2 {Earthquake2)
(357319 1%

Test) Sonarl

Class 3 (Humpback Whale2)
(15779 194

Class 5 (Sonarl)
(13479 18%

Class 3 (Humpback Whalel)
(12779 15%

Test) Sonar2

Class 5 (Sonard)
(20742200 13%

Class 3 (Humphack Whale2)
(2972200 13%

Class 3 (Humpback Whale5)
(1172200 5%

Class 3 (Humpback Whale2)

Class 6 (Carpenter Fish)

Class 1 {Blue Whale2)

Test) Carpenter Fish @122 36% (i w4 (/22 %
Table 5-3. Al &d o] 23} (MFCC & KLT)
Test Noise Source 1%t Identification 20 Jdentification 3 Jdentification

Test) Blue Whale

Class 1 {Blue Whalel)
(494 /66Ty 4%

Class | (Blue Whale3)
(807 667) 12%

Class 4 {Minkwhale2)
(3376671 5%

Test) Earthgquakel

Class 2 (EarthquakeZ)
(138/7321) 43%

Class 2 {Earthquake3)
(1251 321) 39%

Class 2 (Earthquaked)
(137321) 4%

Test) Earthguake2

Class 2 (EarthquakeZ)
(46 1154y 30%

Class 2 {Earthquake3)
(394 154) 25%

Class 2 (Earthquaked)
(34 7154y 22%

Test) Humphack Whalel

Class 3 {Humpback Whale5)
(977142) 68%

Class 3 (Humphback Whaled)
(9/142) 6%

Class 4 {Mink Whale3)
{67142y 4%

Testy Humphack Whale2

Class 3 {Humpback WhaleZ)
(4071200 33%

Class 3 (Humpback Whale3)
(327 120) 2%

Class 3 (Humpback Whaled)
(1671200 13%

Test) Mink Whale

Class 4 (Mink Whale3)
(1567313 49%%

Class 4 (Mink Whale2)
(64 /319) 20%%

Class | (Blue Whale3)
(387319 12%

Test) Sonarl

Class 5 {(Sonarf)
(57479 7%

Class 5 (Sonars)
(3479 10%

Class 5 (Sonar3)
(Fi79) ®4

Test) Sonar2

Class 5 (Sonard)
(154 /2200 70%

Class 5 (Sonar3)
(1372200 6%

Class 3 (Humpback Whaled)
(7i220) 3%

Test) Carpenter Fish

Class 6 {Carpenter Fish)
(14722 64 %

Class 1 (Blue Whalel)
(2/23) 4%

Class 3 {Humpback Whale3)
(/22
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