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Fig. 1. The measurement scheme of underwater radi-

ated noise of ship.
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Fig. 2. (color online) Time-frequency power spectrum

of a container ship.
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Fig. 3. The power spectrum of a container ship.
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Fig. 4. (color online) Time-frequency power spectrum

of a cargo ship.
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Fig. 5. The power spectrum of a cargo ship.
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Fig. 6. (color online) Time-frequency power spectrum

of a fishing boat.
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Fig. 7. The power spectrum of a fishing boat.

1000 110
900 100
800 90
700 80
600 70
500 60

50
400

40
300

30
200 20
100 10

20 40 60 80 100
18] /s

B8 (MTIRM) Mt 2 Ay Aeil
Fig. 8. (color online) Time-frequency power spectrum

of a fishing boat.
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Fig. 9. The power spectrum of a fishing boat.
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Fig. 10. (color online) Time-frequency power spectrum

of a tanker.
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Fig. 11. The power spectrum of a tanker.

SIS HHE AT E B T 5 AR AT i A
A, For LSRR REAR MG, 1 AR TR, 2 AU, 15
A, wk L AT AR F LR Sk

1) M AE KT % S5 gk 75 T 2 3 i A7) A A
2 1Y K 5 IS B A 7 D U P A R A, B R A
DA e 1) vk 0 1 B K 2978 40—50 Hz 2 (8] (K13,
K1), T feE 200300 Hz(B 7, B 9), 24 B
) 1 e 7 B 7E 100—300 Hz 2 8] (K1 5), A WASIH
FAU MR R s o Rl A — e 2.

2) Th G TR V(A A B RT3 KB KL R B A
AiRE 5—15 dB, DyZiEIE(f f5 Jk N R L) 2 A
BiAE 5—15 dB, AR A A FA &S, F] 4
TEARPEAR AT 2 (B 9) KA KL BT
& 57 dB, J/NEFH KL EGEFE 56 dB, MM
AR AR, FLAE A B AT S Ao
FIER] T AL 15 dB PA K 5—10 dB.

3) M AA 7K T F S R S Ty SR 4 A 1 U £ B AT
W3 A7 E KBRS (ChRIEE 3, K5, B7, 9,
Bl11), HEARRZ LSRR UL KR —4

B S 20 T A X i A 1 (1 i B kA B 78 dB A L,
B ER Lk 3] 7 30 dB(E9). LR A
B CEGURHMEZ —, BRORIIEE S T RATES
F U E PR PRI | R AR AR AL 2
IATARARER 3 7= AR AL, AT TN T B R JE
AR TP A 4R B B B A A 1 ik
FPAE 5 &8 IR KRG, WA % 5 Yk
KANE R, AR U ZE ISR T, BERYAEK
KLEFEI150 m (/K), 500 m (BN HI%) 83 50 m
(BOR) PAE, X 5 SEBRME AR FE R AFFI, S bRl
FAFEAAAC T DL EACBE R, S M 1 [ A HR 3)
7 AR AR AR VB F oy R T BE R i AR N (E
FALERTAT Hh 7= AR KR I R TR PP 20 5, 9 AL
PSRN I JE A B R S 1) R I iE B (B
VL2 7 S R v T T R i 2 o VR S A ) 4%,
W = R HLA R AP Bk R R BE S, A S
18 AR #4545 30 K B ARATE U 48, =2 KTH ROK R
P AP 2 S (4 S R 7 A . DRI AT 4 S
7 AR I R4 2 SRR T JE A 1 ik 4

5.

3 AR REFERERSKEHE

3.1 HERHBENERRFINRBE L HF
T

AR SCR FH B B 1 BE AL 7S ke B A AR 4
St ngg s A AR (16,190 R DL fik b 10 S S R 6 S g
T B AL B, K A A A [ 30 A7 4 s 7 R 3
B9 RAA—RIKF AN E IR, B0
R IR %] FR g B | Rk i R DA A A e T
PAANE], HAR P 12 frow.

B 12 2 i JE S ATL I 3o 7 270 90 A 5 S e 75 A
B, R RE A () B AR AR R S R 7S B (N + 1) Mk %
R, RN (M + 1) AR LR, 155 i
KN (N + )T, T Rkt (SUkeb i) H L %1
oy [ (R B, R AE T AR AR A Hh 0 B I s 1
W & RIRIKIPIREE, ¢, BRI HIRES Z1, ¢, MK
RIS AR %, A A Rkt H IR Z1 ) BEATL AR .

M 12 Hrm] LA SR Fik v 3RS 2] 14 2

tne =nT + A (3)
U PO S M P I B A S AR A I 12 AT RO
N M
S() =3 Y mnp(t =0T = Apy).  (4)
n=0m=0

124301-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 65, No. 12 (2016) 124301

Aoo Ao1 Aoz Aoz Aon
| | | > e
| | | | |
| | |
o1
S0 o2 k o3 I | Son |
\_ e
— AN N M I .
| — T —>le— T —>le— T —>l«— T —>| <« T —<«— T —>
|
| |
i |
i Ao
. Avt A Az Aun
| | | | mdl g I
| | | | | |
. | |
| 9% 137 \ s MmN
§mo | | \ . | |
Y N — | .
«— T —>«— T —>«— T —><— T —> «— T —<«—T—>
]
tos i
£ P
s t - - - i
[ tpp —TTTTTT T ‘i

12 VA WAL ikt e 50 A e 7 A Y

Fig. 12. Quasi-periodic random sound pulse sequence signal.
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Fig. 15. (a) Simulation process of ship radiated noise; (b) simulation comparing process of ship radiated noise.
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Abstract

Ship underwater radiated noise is one of the most important ocean ambient noise sources, and building a reasonable

model for the ship underwater radiated noise is helpful for understanding the physical mechanism and reducing research

cost of ship underwater radiated noise. The quasi-periodic random sound pulse sequence signals act well in explaining

the rhythm and the power spectrum variation of the ship underwater radiated noise, and reveal that there are not any

real sinusoidal components in ship radiated noise signals, which come from the non-linear transformation of the signals,

and the analysis of some representative experimental data of ship radiated noise also supports this idea. Based on this,

the explosion-type cosine pulses are used as the units of quasi-periodic random sound pulse sequences. This model can

generate the power spectrum with a peak, and the peak location can change with ship velocity or ship type. The power

spectrum variation characteristics of quasi-periodic random sound pulse sequences consisting of the explosion-type cosine

pulses are in good agreement with the measured ship underwater radiated noise data, which shows that this model is of

important practical value.
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