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Method for Classifying Sperm Whale Clicks and Traditional Sonar Signals Based on
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Abstract: Correctly identifying and classifying pulse signals of whales and active sonar or communication
signals are very important for improving the stability and reliability of the marine passive acoustic
monitoring and underwater sonar or underwater acoustic communication systems. In this paper, the
representative Click signals of whales and three kinds of traditional sonar signals are selected as research
objects, and a method for classifying sperm whale clicks and traditional sonar signals based on
time-frequency features is proposed. Firstly, the denoising and automatic signal extraction of whale clicks
are realized by using filtering, wavelet denoising and endpoint detection methods. Then, based on the
short-time Fourier transform of the four types of signals, polynomials are used to fit the signal
time-frequency contours, and the coefficients of the fitted polynomial are extracted as the time-frequency
features of signals. Finally, the four types of signals are classified and identified using back propagation

(BP) neural network and support vector machine respectively. The classification results verify the
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effectiveness of the proposed algorithm and method.
Key words: sperm whale; sonar; short-time Fourier transform; back propagation (BP) neural network;

support vector machine
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B4 TR . SVM BR R BEHEHf 43 25 40K 75 (5 18 )5 19 LEM R HEM {5 5 4b , 86 28.38% ) LFM {5 %
F131.38% M HEM AR 5 8 12 43 28 0 Click {5 5, 3 [R1FE U8 WY = 25 19 BSHUREAIE 78 SVML A i A RREAIE 25 8] 47
e T A X 3k B A% R B BEKE = 2 T i e B B £k AT oy 23 1]

R7 BPHEMBEMNEZKEEERESHNIEER *8 SVMMEKEFERESHILER
Tab.7 Classification results of BP neural network Tab. 8 Classification results of SVM on signals
on signals after the simulated underwater after the simulated underwater acous-
acoustic channel tic channel
HIME WO MZERE S/ % SR HSE W R EMES L/ 0 sk
5250 Click CW LFM HFM IE#i#/% SHH] Click CW  LFM HFM TE#is/%
Click 96.88 0.25 1.75 1.12 96.88 Click 83.13 0.87 7.12 8.88 83.13
CW 0 92.63 4.87 2.5 92.63 CW 0.5 96.25 0.13 3.12 96.25
LFM 1 4.5 54.75 39.75 54.75 LFM 28.38 3.75 44  23.87 44
HEFM 1 4.5  39.63 54.88 54.88 HFM 31.38 5.75 20.75 42.12 42.12

3.5 KEGERMEIMEENSEER

FEARTR 43, 0 28 HE FUL R ) 52 7 B 4 AR o 7K P A 3 A B2 i AT T AMEUSL, 2k asd R AL ] S B A3
Jei B 4 KPR S He TR 3 9T R S 06 2o AR PR AT S0 o b AR AR T R — A S S R AR e A A Ak
SRR St AR v, B TR 5 R I IR) bW R AR AR A A i A S I /0N kg U 1O i A A S
UG R B 0 B IR T5 5 B R R AR 1/5 0 0 3 45 5 X 2 09 S fE & 25, 08 B8 v [a] Bsf [] B P % 0 S
(LK Se (AT AR AU o 9 1043 518 H T BP #1269 46 F1 SVM 43 25 45 1R V8 5 1 11 7
KIE RT3 K ETH R

FAMEE T AR L, BP 28 19 46 %k #h B2 S5 19 Click, CW , LEM HI HEM {5 5 14 7 249 43 2 1 8 243 1) 35 5]
95.5%,94.25% ,82.87% 186 % , Hovp Xt LEM Ml HFM 15 5 i 73 28 1F #2543 542 55 T 38.9% F143.9% ,
KRB ek, SVM R T AME S Click, CW, LFM FI HEM {5 5 09 4 25300 SR A 8K LA 22, SE 34 43 2%
TE B #5351 R 85.75%,92.38%,37.9% M1 44.75% , IR AME(F 5 1 73 FEIE A 40>, KT BP #h & ™
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KAYRIEWE ., WIRIEHEMER , MAMERTAH L, SVM B AME S LEM il HEM 15 5 4% 1% 43 25 2 Click f4 1b
151 B e /b, LFM & 43 21 Click 4 H ) i JCSK (19 28.38 % F %1 16.25 % , HEM 48 43 21| Click 4 He i) i i
er31.38% T REFI11.38% .

XF e 3 4152 45 SR AT DL & B, BP A2 R 45 e SVM 4328 B8 HL AT B84 10 3 7 1 R 4 sk -

x99 BPHEZMENKEREMEEFESHILER F10 SVMMKEFEMERESHILER
Tab.9 Classification results of BP neural network Tab. 10 Classification results of SVM after co-
after compensation for underwater acoustic mpensation for underwater acoustic
channel channel
IR B MiZEME S E/ % T2k HYUE WP RWZRBE S LG/ % sk
S¥H) Click CW LFM HFM IE#i5/% %5 Click CW  LFM HFM IE#%/%
Click  95.5 0.25 2.37 1.88 95.5 Click  85.75 0 6.75 7.5 85.75
CW 0.13 94.25 2.75 28.75 94.25 CW 0.5 92.38 3 4.12 92.38
LFM 2.63 4 82.87 10.5 82.87 LFM 16.25 5.35 37.9 405 37.9
HFEM  0.38 3.62 10 86 86 HFM 11.38 5.12 38.75 44.75 44.75
4 HRIE

AR S T ol i N R AR 4 4 Click, CW, LEM F HE M 7K 75 35 5 I 350 5 AF 12 J5OR 43 26 4
T o ARG T A L AR % X S I AR AT A T, 2T R UM 5 0 B AR AR RS B L 38 Ao X
5T 78 Ak % 0 0 AT 22 T AL G 8 A B A0 A A A S A A O 3 8 1) I R AT I 2K R 2T SRS B
ARURRAE ) 2 o F—25 M, T RRAE ), ) BP 2 2% R SVM 20 288 5t 4 K5 S 170 25 . 43T
FARAE BN LK P A T8 X5 5 77 AR B 0 A R RN KR A T 04 B R I A R SR AT T 42K
T U EE AR TR 0 B ARURR A TR 43 28 R0k W DAV A 4 4 280K 5 45 04 B AR fB AR AE O
W HIEW 4328, BP #4573 28 8%t SVM 7328 B B4 19 3 1 M Al 23 S8 TRl 38 0 NS 45 2R ] LA
BT 3R AR AU /N BB (5 — 28155 800 A B FEAS ) X BP #f 28 ) 25 £ 47 Il 5 HJ)
A il 4 B8R Click {55 B4 8 IE B FRAA F 959 DAL o AR SCHR MY A% Bk A0 A0F 43 288 R 0] 380 10k A TR 45 Ay
] B,z S /N, T 4 3T /N R SRR A S R G, T I A k8l 7R A I L 3 Bl R R I DL R oK R S
HE ST M EZ IG5 1 28 5PN, DL ROKTR 722 98 190% 55 408 .
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