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ABSTRACT: In this paper, a Bayesian classifier based on PCA (principle component analysis) is proposed to classify underwater transient signals
using 16"order LPC (linear predictive coding) coefficients as feature vector. The proposed classifier is composed of two steps. The mechanical signals
were separated from biological signals in the first step, and then each type of the mechanical signal was recognized in the second step. Three
biological transient signals and two mechanical signals were used to conduct experiments. The classification ratios for the feature vectors of
biological signals and mechanical signals were 94.75% and 97.23%, respectively, when all 16 order LPC vector were used. In order to determine
the effect of underwater noise on the classification performance, underwater ambient noise was added to the test signals and the classification ratio
according to SNR (signal-to-noise ratio) was compared by changing dimension of feature vector using PCA. The classification ratios of the biological
and mechanical signals under ocean ambient noise at 10dB SNR, were 0.51% and 100% respectively. However, the ratios were changed to 53.07%
and 83.14% when the dimension of feature vector was converted to three by applying PCA. For correct, classification, it is required SNR over 10
dB for three dimension feature vector and over 30dB SNR for seven dimension feature vector under ocean ambient noise environment.
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Fig. 1 Waveform (left) and spectrogram (right) of underwater
transient signals for training (a: Bar jack, b: Bigeye scad,
c: Barred grunt, d: Buoy, e: Chain)
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Fig. 2 Waveform (top) and spectrogram (bottom) of underwater
ambient noise(a) and motor boat noise(b).
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Fig. 3 Waveform and spectrogram of underwater transient signal(Bar jack) at SNR (a) 30dB and (b) 10dB for ocean ambient noise and

SNR (c) 30dB and (d) 10dB for motor boat noise
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Table 1 Characteristics of signals which is used for the classi-

fication
Class 2-1 Class 2-2
Class 1
S . (Mech.  (Mech.
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Bar Jack Bigeye  Barred Chain Buoy
scad grunt
Mean frame
length (ms) 914 71.8 574 4494 406.4
Mean frame 5 5 98 74 1125 1016
number
Mean
sample 40325 31668 25295 294502 26636.4
number
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Table 2 Classification ratio (%) of feature vector without ocean

background noise

1Ist stage 2nd stage
Class - - - -
Biological Mechanical ~Chain Buoy
No PCA 94.75 97.23 9411 100.00
PCA
(7 orders) 93.07 85.96 93.44 87.07
PCA
(3 orders) 97.63 78.48 92.45 83.84
o) 5255 49 FrAEe 7 mAge] £8 Felaw 53
Sgo] 1A Uex dE AL AT & g
Ggago] BHE 9 Bhw Az 2} Zego] A 2
o] £ F5S AR g5 2o A= A5 EH
L 5F 228 57 MAASH FHEELSS olgaldlo
(Fig. 2) 2+ Zko] 7ol tigh 235 wlas) By J2ja &=

sl gg o] S4uH

h 7 =4
ER&S vlasl & Ay v53 2th(Table 3). &5 2
2 BAS AAEHA e F9-E 4139 SNRo]

lovt & Aol Hmelx) gor, GA AEd
o1l BSol AEEe] ARG BUs A48 o] wuk
T FHE BHS e SPUEE 33

Q e}

=
Aol EAUE BREo] o) T A9 w3

* Y
& 24 A HAY F Ak 2 ALY A9E W)
£ A9lo] £25% SAME BFEo] BobAy glons F
R #40) JA9 wsel vdstel Watkn & £ vk &
AR, AL BE YELo W o] B Ang, Az
Aoz, 5% ago] EXH Uxe] B9, FHE 2N T
WP e SPUEY Ago] W ANE AnE Holw
STk 2 4 glth 24902 MBH APE AE e 54
B £FE0] 2SANRE HolAW 2 BF A, Fol o] 57

Table 3 Classification ratio of feature vector with SNR using underwater ambient noise (classification for biological and mechanical signal)

Class No PCA PCA (Dim. 7) PCA (Dim. 3)

SNR Biological Mechanical Biological Mechanical Biological Mechanical
clear 94.75 97.23 97.63 78.48 93.07 85.96
30dB 62.10 97.69 67.46 90.46 89.18 79.51
25dB 33.58 97.84 45.96 92.67 86.90 79.82
20dB 17.47 99.03 23.84 95.63 80.85 81.31
15dB 274 99.85 12.65 98.95 68.24 83.43
10dB 0.51 100.00 0.95 99.69 53.07 83.14
5dB 0.00 100.00 0.33 99.69 4718 86.11
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Table 4 Classification ratio of feature vector with SNR using motor boat noise (classification for biological and mechanical signal)

Class No PCA PCA (Dim. 7) PCA (Dim. 3)

SNR Biological Mechanical Biological Mechanical Biological Mechanical
clear 94.75 97.23 97.63 78.48 93.07 85.96
30dB 51.98 97.46 56.57 91.85 91.52 79.54
25dB 18.61 98.06 34.85 9451 79.62 80.48
20dB 10.77 99.15 18.31 97.75 70.68 82.93
15dB 1.86 99.72 5.25 98.98 53.62 85.15
10dB 0.30 99.82 1.69 99.85 37.47 84.42
5dB 0.00 100.00 0.28 99.75 31.07 85.70

Table 5 Classification ratio of feature vector with SNR using motor boat noise (classification for buoy and chain signals

Class No PCA PCA (Dim. 7) PCA (Dim. 3)

SNR Buoy Chain Buoy Chain Buoy Chain

clear 94.11 100.00 93.44 87.09 92.45 83.84

30dB 90.14 99.89 88.85 87.20 87.16 83.84

25dB 84.05 100.00 85.13 86.48 85.24 83.90

20dB 7117 100.00 79.48 86.91 80.10 8241

15dB 52.31 100.00 77.31 88.65 80.86 81.90

10dB 27.09 100.00 78.95 86.40 79.30 80.73

5dB 8.78 100.00 73.19 86.97 79.73 72.32
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