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Synthesis and Classification of Active Sonar Target Signal
Using Highlight Model
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In this paper, we synthesized active sonar Largel signals based on highhghts model, and then carried out target
classification using the synthesized signals, If 1he target aspect angle s changed, the different sigaals are
synthesized, To know the result, two different experiments are done. Firsl, The classification results with respect
Lo each aspecl angle are shown, Sccond, the resulls in twn group in aspect angle are acquired, Time domain fcature
extraction is done using matched filler and envelop: delection. 11 shows the patlern of each highlights, Artificial
neural networks and multi—class SVM are used tor classifying targel signals,

Keywords: Aclive sonar, Underwater Largel classilivation, Aclive sonae synlhesis, Hlighlight model
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Table 1. The values of parameters used in experiment.

item Description
Signal Type LFM {upsweep)
. Sampting Frequency 31.25 kHz
Sound Velocity 1500 ms
Pulse Duration 50, 300 ms
Center Frequency 7.5 kHz (BW=400 Hz)
Targel Length 100 m
Target Distance | 5km
Number of Highlights N
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Fig. 3. Example of synthesized target signals.
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Fig. 4. Example of synthesized target signals depending on
the aspect angle.

Sl0IRI0IE PUE OIS SE4LL BEMEO M R o 137

TEol A2 45 1500 m/sE 7HEsEE ey EF Zo)
= 100 m, HZ ’I- Alx|efe) Avls 5 kmE A
Aol gA0] G4-E 2z chas] sl A]s)a g4dst/]
A ANAe] $12= 7k7)F 0, 150, 300, 750, 1500 mat
¥} 47|31 Cre| uwhet RS AT 60, 70, 80, 90,
100 nied t}ei7)] ofo] EAATE A5 3714 &
Hof) upz T s o] XS J1y] 3o vlehidnt
#2o] Mg wiep 7R HAV) FA) Heeie A=
133 2lo]7h W 2l & ‘ilti-. welA 41E5 Ty
z FAEIA stelele| B E2E Bl } I” o] e},
TR A= fapzbel] wpt 3] 32 li.*é A
o} & it Holelst YPapzo]| wie) 2 .-.6l o= 4a2t
[e]

E
Al A -
T/{-_E\:}T(E' .——! T '\k]“‘i-.

[
0o -

I/
2
=
2
:
'z
e
ot
af
2
2
o
[
U

AX
o Ee) SNR -L°l7l °16H*1 3. LEE FA71

1ol 1 stolZiol st si) il A1l
o149 SAE87] 88 e, 18] o kel
S04 5574 555 2 6ol 2

= w0l Aojo,
(o]

AN A2 A1SE AR vhebgic, 94+

>

1 N
LH—Illl SURANLA l% B3
1

16 lb)oﬂ"

S
= x
o
}r
et
o o
_3']_:‘
2
iC
e
|2
o 1

£ 91118 AFFlel AP o
2ot ALalalar, olit Q37
Adel sjeleloliol o S o2 g A4
6ot 22 %4 QS 32T 5 Ak
ATl 8 L
15to] 2545 AFotELL 24 BN BT

% el #t & Hellgke ARSlT.

Q=
ek w8 38 6-(d)of 1% A
24

'jku

|o

bl

:{‘I: .
9 w

Emvelope Frachng 154 Trme-bin

Matched Filter Detaction 4 highkoht * Exwaclion

O 5. AlZtAA0A2 SRIX) =& 7|Y
Fig. 5. The method of feature extraction in time~domain.



138 $F=ESERISIX) H28A M2E (2009}

b
1

T
Frnioet

(a (b)

(e
18] 6. SHAUX} F& CHoIMe 2 &3 M3 (a) original
signal (b) matched filker output {c) envelope (d)
finding 1st highlight (e) feature vector
Fig. 6. The cutput signal in each step of feature extraction.

IV, EXOoI] ¥ Tl Ziq}

T

ER3 o) 2o BaL BaHol A S el
Sfol SNR 15 i/} K2 wla) 49219 122 Ahgt
G, A 25715 EFAA s AT TS

QT
ARgsioIch SVME 7[R A o2 o7 fg7]0]7] uiid
A8le]| Al BOOC (Error Correcting Output Codes) [11]
2 HE9 oFIAL SVMS AHESHI, Svie) A
3151 RRRZ ARE8H L RBFY] Zof U5t sty el =
0.5, 355 ellfofl gt 2HAAL (= 1004 43}
15 L PEECREREER

 ¥1eie) 2lo] 750125 ¢l 3.

. 1
YT 22 0% log mgmd 2l *7} 4%540' "
9] L.

50 Wkt 4 IR 1AL Busl e 2

A% glo|E) 371e] 1E2lel| thated 7k B 1z )
2ol wje} EAAFTS BN QAR 0°~00° AL
oo 4] 157 7HALLL 3E5te] st 2F HE ¢
Sdoll ARE gleld b 0ol 914 Aol ARgH

lnpul Hidden layer

I”'{E%

Qutput layer

5x28

25 g

O3 7. MEH ARBE MLP X
Fig. 7. The structure of MLP used in the experiment.
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Table 2. Classification result with respect to aspect angle.

L _Ctassi __Class 2 Class 3
AR svm | AN | svm [ ann | swm [ AnN
o | 15015 [ 15715 | 15715 [ 15715 [ 15715 | 15715
150 | 15715 | 15/15 | 15715 | 1515 | 15/15 | 14/15
30° | 15/15 | 13/15 | 15015 | 15/15 | 15715 | 14/15
45 | 15/15 | 15/15 | 15/15 | 15/15 | 15/15 | 15/15
60 | 15/15 | 15/15 | 15/15 [ 15/15 [ 15115 | 14715
75 | 5/15 | 14715 | 1215 | 10415 | 14715 | 12/15

90" | 1515 | 7/15 | 0/15 | 12715 | 015 | 10715

E 3. YR 2 25 232 (300ms pulse, SNR=15 dB)
Table 3. Classification result with respect to aspect angle.

- Class 1 Class 2 - Class 3

YA | SvM | ANN | SUM | ANN | SVM | ANN
o | 15015 | 1515 | 1515 | 15/15 | 15/15 | 15015
15 | 15/15 | 14/15 | 15/15 | 15/15 | 15/15 [ 15/15
300 | 15/15 | 13715 | 14715 | 13715 | 1315 | 1315
a5 | 18/15 | 1515 | 15/15 | 14715 | 15715 | 13/15

60 10/15 | 14/15 | 13/15 | 14/15 | 11/15 | 15/15

75 12/15 | 10/15 | 12/15 | 13/15 | 13/15 | 11/15

90 15/15 | 8/15 | 0/15 | 6/15 | 0/15 | 13/15
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