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Original Research Paper Identification and classification of signals which are heard by underwater microphones
Received 24 April 2015 (hydrophones) can be used extensively in harbor traffic management, especially in economical
Accepted 02 June 2015 harbors. However, automatic identification and classification of acoustic signals which are
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received by passive sonar system is a challenging problem, because of variation in temporal and

frequency characteristics of signals (even they are received from a same source). In this paper, a

Keywords: e .. .. ! K

Aumo (Acoustic) Signal novel method for classification of acoustic signals is presented, based on DWT as preprocessing, a

DWT diverse range of feature extraction methods (principal component analysis and its variations (6

Eleatu_;_e Extraction methods) and discriminant analysis and its variations (3 methods)), and 4 ensemble learning
assitier

methods with 3 classifiers (multilayer perceptron (MLP), probabilistic neural network (PNN) and
support vector machine (SVM)). Performing a diverse range of performance tests, the
performances of different methods are assessed and the best ones are chosen for the proposed
method. The proposed method is used to extract features and classify acoustic signals of 8 ships.
Using the proposed method, some real signals and their noisy version are classified. The accuracy
of the proposed method in classification of test signals with Gaussian white noise with -5, -10 and
-15 signal-to-noise ratio is obtained as 99.83%, 97.06% and 83.56%, respectively.

Ensemble Learning
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8- Self-Organizing Map

9- AutoRegressive Model

10- Ensemble Learning

11- Probabilistic Neural Network
12- Support Vector Machine
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1- Fourier Transform

2- Wavelet Transform

3- Two-Pass Split Window (TPSW)

4- Principal Component Analysis (PCA)

5- Multilayer Perceptron (MLP)

6- Average Power Spectral Density (APSD)
7- Short-Time Fourier Transform
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4- Peaking Phenomenon
5- Kernel PCA
6- Fuzzy PCA
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1- Preprocessing
2- Feature Extraction
3- Classifier
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3- Maximum Likelihood
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1- Error Backpropagation
2- Specht
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9- Confusion Matrix

79

Aio pl osbml bopletty by oetle lawg gunads
arile gy aaiSSLSE Slmio il 35dse plool Taigy aiiS SLSE
018 S0y ) alols (n S 4 lzme (S 99 & bgye alafligs (e
aalss ixs (639,9 bl olod sl p (5) aolesls aseus 39S oo didin
1[16] Sg9
yi(wTx; +b) =1, forallx;,i =1,2,..,1 (5)
J b oF Jo sln s o092 55 aye iyl dlie 4 (5) ala,
Loyl 1, (B) alul, o5 oj90] (slodiges 0gd solinal $I,3Y ol
i jlade Wl J= o Kgs oo 03l zuL'-'-‘-“‘ slejlop RS
980 (s (6) alal; 900 WL
b* =y, —wTx; ©)
s Aty 6 S e ol Xy Sty sl oy 3 S a
s ol (7) e

1
f(x) = sgn Z yia;xTx; + b* )
i=1

[16] s args 51,5Y ol les af ol 0 a5

&b 5 eolanal b ijee] glmesls «as e lotiy Joy udle o
Bl YL aad b glaatie slad 4 (i g0 KX X)) 55
&y [27] Wk o lazr SoaS 5l (s & jp0 Ll 55 e 5 00
ooled 4l bl 5 ((8) ablly U) (lbozasz (b3 s Jols JiS
4 o
i ((9) ey 1) ot
K% %) = (% - % +1)2 ®)

2
-
K(x; %) = exp(#) ©)
aAMS)b.c.a:]m‘)Ls‘.g‘d.lA}dp@LM)ow):mde OT)QdS

Alo (BS @b Qlml 5 ey s pusf slad b Lol

(10) oS manns @l cibigal 5l mp 5 03,5 saei 39 Ay S32yaabiyy
g oo Jol>

l
f(x) = sgn Zyl-ai*K(xi,xj) +b* (10)
=

[16] 5 [24] & olioo Woanes, ool 5 5o 2 Sl oanlis (sl
)5 axzlye

ol 9 [28] stn Jlojo5 0 5ol 555 5l sloog xSk slaists,

V) Catgy eaiiSnS 5 (2) et o, (1) lopysSl 5l mess:

o oolinl a5 Silos (4) 505k 50 (3) (5L o0 S 5
[28] !

g 381 6, -1-3-3
GIaC (29990 loyloy Djsod laated) (295 ez a5 09d 04
sl ol e a5 wilas eols[dig . dic] €01} i=1,..,L
wj uu){f a |) d“a..m:u'm D; ases, )f| oW Lmuw){f slaws ¢ 9 Lm.\;.;ao)

o ST 6l =0 Sgo ol g 40 gdi; = 1 olST il 00,5 bgyye

Optimal Separating Hyper-planes (OSH)
Support Vector (SV)

Optimal Decision Function (ODF)
Gaussian radial basis function (GRBF)
Majority Vote

Continuous Combiner

Naive Bayes

Weighted Average

PRP@H MR

8 o last 15 0,53 1394 LT . ysrde uilke wdige


www.sid.ir

GIBT a5 3o 9 S35 30 (219 s ol

10395 62153l 5 3aF JhBL (5l iy I 0 Sliiawl by L s 5igi0 Sl Uams alwlishs »3 lo) 13 dimunS 8398 Jadus )5

S gl g adf Sty -3-4

axf dlS s o5 -1-3-4

L (2 Gieez o) chriiz Ojpon oy b slaailse o5 ool
aS iy azgi Wb S e )3 S0 by SO g d rex 0SS
o adlgen 2 plgs b Jlgie adlie 55 58 (35 e lra Dl e
g e plwl (g i axd alS CulSinla g o0l pex SaSs L)
4 o9 R3Sy 2 o5 L S alo e o oad ol (g5 il e

S 3 Tl Al ipgo p5-2-3-4
wlad s b o Lol laadlse LT by, 5l oolinad L plS ) o
vk ol sl 09l o Sl sl aar b olad 5 @ YL a b Lo
ool slnailye 3T g, 5 aslisd b (o ials) i plS g 5
lp &5 b dazg Wl osbee IS celie el b a8 5 @
LBl ohy polie (Son 3l Ol sl glad nj aw bl
Jol> 4 ohg e po Cons a5 0ls (LIS (lgiee 0 0 e 039 Sl
adlge sbial) yo osls uilly Gliee b Conl 2l 039 polie a5 gor
B shass QL by (e 5l sl glad 5 0 bl Lol
Las 4,9l glad 5 0], ledsl 5l pslio lade olg5 oo 0y slojlo
shass ol b ,Blize gloessy )1 ool (sloailie shass G 5l g 0,5
gl o b g oad gl sl lgs (myile (uilh)lasS mayile Sl 032y olie
WJole Gl el 5l G aibie 28l G sle Cnl dad ol el 5o

A oole] laaies, 41 99,9 sl osls

Wuassesy Josle -4-4

O 003y dw Sl Dlgal ln calie sloaasie wly I o
GonadlS sl Olatiy oy edle 5 (YLl (prae 4SS aVoun
D5 g0 oolatwl o JLSKew

Glodgi (5 Sl -5-4
e (glodgi (6,50l slaghs, A jsSde wles; dw (g S gl o

Ul ‘slhgg.n}-l' -5
oles 0 oS L) ol piyeSl o 0g2ge slajzall 1 Joux
am g i (095,58 T B Ko) aies S ke IS sl ppges]
254 shol 6Lad 5l and 2alS o)lgen o g gliinl lo g (ooles )
50 odd pgal gloosls il jlg a5 Cewl oals alodil (g9 4y 4,9l (glad
Yotz G e ed Ghigel sl bl weys 95 plp gl slas )
Olsists oS olad by b ol 5 5 5 ool f el 02,5501
Y slagysy Sl el oad ol iy oy eile s S &l
Al 5o eaS Hlgen el polie 35 aVaiz ey o Olan
loigesl soles Sojgal plim ;o Loty jloy edle g (SYLai] guae
Gly Sl e b abbases) 5 odd ools yudd Lasie o)l G o

oot Ll yg03] al> 4o
Sk g 4 ol sla JUuSw daaies; Ghjgel al> e plnil 1 ey

1- Resilient Back Propagation

8 o last 15 0,53 1394 LT . ysrae uilke wdige

/ - ).Lg \\\

| (ST i i)

59 48 a8 oS

ol

I g5 o dnls
gyl aeB 5l oolaal L

v

xS

v

&S5 7l

A 4
oz 03 Jo3le

‘ Yoz 9y n ‘

‘ GNLQ.Z>| s 4

‘ Ol oy pile ‘

A 4

&l o35 50k

v

T
ol o ,oSl &l sls 4 S

Slgeol (6 3lwoslel -1-4

Ol 5l ggoge cnl il Loyl 0,5 Jleigy Slgeal (g 5luoslel [ s o5
L ogo mle alolh lgol s plia o a5 col 65,0 <o
b Syl ((sutl) s 39 ca o dlline rnod 5 0392 Dglita (589,00
B b i (oSl cDlpol 53,5 Sl 5l o il Sglite 008y
o (W)l Lilbise sladsh o) adsl slo JUSew pgs o5 50 05
sz Gl 5l o p e N el ok me slai
gise aFbl (63555 e le pll oS pua e Sl Sl Sy o oadia
S5 )l

00310 31 s —2-4

slash 1Sy o Glej o w408 oS Cends A ol o
gl oo dmmline @ 4 y58 hous Lo oSl 5l eolatul b (63959 i yile
Al (labadm 1598 Jod Ojgon hosd g8 o aele o
'l 50 a5 igh e il fi/n" Lolgh j0 o uilS B etzeen 05 e
I om e 63555 i Jsb § 55,5 2 g sae (5SS
Sloslinul s Jlsw)ly apas 5k plej )0 dien dy,58 Jrod aules
sl chimssge 5 (KD) 4 b s ool (1) e
PIE] ol b b oadarulxe 63555 mile sboJiew 51 S
6395 o ile layhaw 5l S0 e Gl b e 358 ol b LK
25dse 03l 18 Gles e il pll (6,503 e ile 5l Bl Sl 5

80


www.sid.ir

GIBT a5 3o 9 S35 30 (219 s ol

10395 62153l 5 3aF JhBL (5l iy I 0 Sliiawl by L s 5igi0 Sl Uams alwlishs »3 lo) 13 dimunS 8398 Jadus )5

©leriu o yofl 53 ooliiuls g0 alisee (sba s, 2 Jguar

Y al> 5

Ap = oy 3l 50,50 oolaiul -
Ay = o,y 3l 0,5 oolaiwl -
Az = ol b LS Jlsie slo jion Gligen -

Slbgen g 0yziy

5 SHeT
SRS

By =265 L iS5 Siee -
By = e slapls b i3S 0 9 (S -

G = ol slaailse 3T -

Cr = i (i s (shol slaailye 50UT -

G = Vil Lol glaailze 30T -

Co = 36 Lol sloaige 5 JUT-

G5 = b b b ol sloaslge 5JUT -
Co= bS &l b s ol (sloadlse 3T -
G = b (FauS S Il -

Co = aidbprons ( SauiS SS& 3 U1 -

Co= Suyahly pé (S S8 5IUT-

Ay hals

Dy = lodg s 5ok (b9, s -

Dy = & 251 s, sloogt 6 x50k g, -

D3 = aigy oS oS 5 slodgs 5 50k (b, - oo 5,5k
Dy = o3l 5 (sloagi (s x50k s, -

Ds = logs3s (eSiles slodgs 6 S0k oo, -

sas 4l @Yais (g iy 3300 ) dus oo (S3LAWS o s 3 Jgu

iz o iy, 4 baipe @S slaiysesl o plaiidy oy edle 5 (YL
oele Sl

oy e O9res gl o
T R
e IR
90121 94/94 86/84
14/33 60/62 71/07

90/47 94/18 83122

(b o9037) A;A3B,C, D,
(Siad 0,2x0) ApA3B,C, Dy
A1A3(25%)B,C,D;

94/43 96/12 82120
90/55 97/80 78/58
91/03 96/96 81/78
84/82 81/96 75/37

A,A;(50%)B,C, D,
AA3B,(AS = 5,DS = 2)C, D,
AA3B,(AS = 15,DS = 2)C,D;

AA3B,(AS = 2,DS = 4)C, D,

77/65 15/76 70/82 A1A3B,C,D;
61/46 83/64 7175 A1A;B,C5D;
90/21 94/94 87/26 A1A3B,C,D;
94/26 96/29 88/70 A,A;B,CsD;
84/23 40113 85/66 A1A3B,C¢D;
4/38 15/76 6/32 A,A;B,C,D;
22/34 1711 39/03 A1A3B,CgD;
1/51 337 5/31 A1A;B,CoD;

O9F K035 dw 29y 03,5 oS 5 4 bayye mlis 4 Joux

81

0905] G diSems lgieds 5 0uds anill =D 5155 4y JUSm Comd b (osS
asilen (golpiing sl 5l alo jisn Al 4y ax g b isd o oolatul
S 2o b g Ghjgel el 50 aVaiz gty ahes) sl slagyiy
Selss ety szl 5l gl 2l jo )0 ¢ JUSeww 4 00l 05933 owsS
addgl bl 4 o)l (Saly poe 5 bagealy Como 5l ligalel jglatens o5
@l 5 o2l oo 5l Jites Al yo oz S0 903l 2 (2L g
g syt e (o2 gz ol eiles ol

pipsSdl Al e w5l S e Gl sl slagty, 2 Jsa
IS lp ogdoe onalive o5 jsbilen aas oo plas 1) (solerin
ol 5 @B slagisesl g oad b S Ll o (s slei Sy Lo,
al osesl Ko 2 Jgur bl 5 digdie s NS 5 oy Lesles )
b by, 51 S 2 (IS (KSar g ol Sleiiiy A1 4381 01Dy &)j50
sdmiw b o903l ool b dumlie o (soleidiy pi )l LS 9
51 sk e slaise 4 b JiS e pomed pSin 5 iy (9031 55 g 0
L e plF il ligen ;K00S0 b laJUSs oot esliul o ey

. N B3 . &3 o & s 2 fe &
Sl kol goadlge 3BT (o) 5l onds a3 i 102 plp " iaiSy
Lb..).;.gao) )1 oolawl a4 Jas.g).n l.er.: @Lu 9 odd oolawl ;lps C‘)?{_\.w‘
25 b lagggasl plo i e 05wl (loogs 5 S0k (y5)
gl 0 ol 4y OsA)'T Gl glaond

@ o 9 pui -6
loodls b golotiy o550 b sadplonl oS slagge;l s 3 Jour
Ao Hlad =5 5gh 4 JiKiw cad b g 4 axiél

2 JiSs b Job oo Kien oy G 5 42438101 Dy (g0l o
onts oolil ol oS § Jsb o b liSis ool plKin
oymiy SOy Gidu o e JiKw gilulaz e 48 (g3l cpl Ho L al
dnle pn 40 58 S ol 09z 4 I B el oads Gpoe Sien
Al in 4 bape glapseil ol Jee @ Cailes 4,58 s
ool ool b LS Jsb (50% L) 25% olwlay Jlsze JiSoms
ol 00l plonil Sl a5 R3S 0 s Siaez o S (s 4 b pe
29l pn S0 el Gl 4 Siaex o8 I Sl pgo 5 Jol Sl o
0 (quypt Sl (Fiaez a5 il 4 (135 o8 il 1 e >

|

@oleiiny pi,sSl slaytdl )y 5 loaasiin ]l Jguor
JIvR ol aasie
oS bl (s e 4y Lol (sloailga olus -
3 gl gL 5 5 Laosls (il lg ESTY o

gl oy 95
o sl Ll = (s 4SS (el o5
OY b yg, olass g L5l

Yol grac oSl

Ok ¥ So k-
7065650 ,0 )95 ol

5150/005 oL o 0aisS jlgen sl -

1261 03l ;9 oS Slgen il )by - Olbidy oy udle

1- Averaging Step
2- Downsampling Step
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