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Fig. 1. Sound velocity profile in shallow water.
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BRZS PR 25 R A e KA, MR (dy) AR Ak
X} cos O B FE M e K. PRI, TREK R BE (dy ) 22 kXt
PRI ARG T BERE AR K.

2) MEIK R (cr,c0) 28 4L FE G PPM 1Y
Ah, 7 PPM 1 FPM fl 45 n/l\ﬁ(, PPM
FPM MRS R A RS, KA (c1,c0)
AR AL X cos 6 it 52 i 458 K IJH:, WK (c1,02)
AT IR D) ZA T BRI K.

3) UIBUZ M (c3,cq) AL FE LM EM 1Y
LRI, EM RS RS Aok, kT
EM X 7 FORE 25 22505/, EM RS 18 1455 R o8 ot
BRAR /N, DURRUZFE T (s, ca ) ZRAET cos 0 52 M 45
AN HPTRR)E BRI (e3) 2B FEUDEL
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Fig. 3. NRL Workshop’93 Benchmark standard shallow wa-
ter sound profile.
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Fig. 4. Influence of environmental uncertainty on acoustic
transfer function and source power estimation: (a) Acoustic

transfer function; (b) source power estimation.

244301-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 24 (2021)

244301

BEAH e IR R U, (17) AT, Sem AT RAFR
7 i 20 1g | Dyvioa| F1 20 1g |cos 0] 22 T, /1 3¢ 2 W] 0,
Sem 5 201g |cos 0| A — 3%, FI LLF {5 B 1534 bR
BAGTHE 5 AR Y Je A 38 2 PR AN PR e
M 75 I T A 174 32 R A

2 [FIEAGEE BB IRTR AT I G A5 R
Table 2.  Statistical results of acoustic transfer

function and source power estimation.

L/ELINTY KME/dB  fwME/dB ¥fEH/dB 2

20 1g | Dyodl 0.83 ~1.49 -0.11  0.24

20 1g |cos 6] -0.02 ~30.97 578 28.52
P, 100 100 100 0
B, 100.35 69.73 94.11  28.37
Sem 0.35 -30.27 ~5.89  28.37

4.2 AEIMESHETUXFIREIEMEITHY
iz E

i 1% 75 55 % N 500 Hz, 75 I I S AR AR N
100 dB. ffi HIE 3 25 H A S EORH 2, R
FAE AR B 43 BT AR TR IR 58 S 80 A X 7 R T R
fhTT s R R, DA S50 I R RR (R e K
B R, 53 BT IS5 S 0 A GRS sR L) ).

& 3G T AR SEIARFRE A [R5 2
B3 00 B e {45 28 8 1E 10 R B4R 4 Sl B B
55 3 RN 15 B IE 203K PPM A1 FPM, #EHL
55 30 B AIEE 40 BYRTIERARER EM, Kl 5 45 T
TKIRFE (dy) BUBRFR (R RN i (R s 4% 28 7 1E ok (o
DR, B LRI, KR E AR LR,
PPM, FPM il EM MBS pREA A 3Kz, & 6
YR TR TR L (e, co ) BUPRBR B AN B KB 45 2%
TR TE I AR PR, MK T (1, c0) ZBML A
e RS LS R AR, Horh PPM B85 pR I
R, FPM IS R AR /N, B 7T/ T

DIRUZ A (3, ca ) BURFRIE AR R £ 215 1E
PR PR, DIBUZ FRM A (cq) BLE
SIS (EM) RIBIES pREL, HILP A S
FERRA S RS sR A DIRZ R A (c3)
PRPREASA R B BT, 56 30 Bl EM 2828 FPM,
55 30 BT IE I RS R B K, BES R B A2 ik
23N cos 0 77 H BRI

0 Wifh: dEGRFRE 200 d UK

20
. 40
=
£
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80 |
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Fig. 5. Influence of the variation of water depth on differ-

ent kind of normal mode.

Kl 8 25 Y 1T AN [] 4 458 2 B8 Ak B ) 75 TR )
RAGTEE I KR (di) 284k % 75 PR 2 2R A
TS g5 R, T KIRIE (dy) 2240, PR T 5 AL
a5 R A 94.22 dB, |Sem| A 5.78 dB; HAL¥F S
BAEAL, | Sem| AEIT 0.3 AB; BRI KR AL, K
PR (1, eo) ZEAUXT IR D RAG T R K, BT
DURZE BRI (c3) A AEAS 70 70 L JE B2
VTR R A A DTBUZ LR A (cs)
AT P IR DI A T s e R UURRUZ T R T
B (ca) ZBAEXS FEIRIARAG TR . TORRZE T &
THD P AL (ca) 78 AOOE P IR E A THSE AR /N [ Sem
AT 0.1 dB.

K3 ANFEIFESEORAT T A LRIED AL

Table 3. The number of different kind of normal mode under different environmental parameters.

WSRO PPM FPM EM
WS b PrE 1—7 (FL7BY 8—25 (FL18H) 26—127 (F£1025)
di = 105 m (FeKfH) 1—7 (&7 826 (HL19K) 27—129 (FL103K7)

c1 = 1502.5 m/s (T KfH) 1—8 (3t8 9—25 (FL17H) 26—127 (F£1028)
co = 1482.5 m/s (B K{H) 17 (37 8—25 (F:18k) 26—126 (F£101pT)
c3 = 1650 m/s (FK(H) 1—7 (37 830 (F:23H) 31—124 (F£94p)
cq = 1850 m/s (FKIH) 17 (37 825 (F:18HT) 26—126 (F£101p7)
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Fig. 6. Influence of the variation of sound velocity of water on different kind of normal mode: (a) The variation of cj; (b) the vari-

ation of ca2.
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Fig. 7. Influence of the variation of sound velocity of sediment on different kind of normal mode: (a) The variation of c3; (b) the

variation of ¢y .
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Fig. 8. Source power estimation when different environmental parameters change: (a) Overall; (b) partial enlargement.
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U545 R A8 A5 Bl 1001000 Hz, 4545 ity 2 T 7 TR ) SR A T A R ) S B A A R
SAL TR IR DR BRFRE Y 100 dB. Kl 9 454 T 3 1000 Hz B, A IRTIRAG 255 0 92.88 dB, [Sem|
B AN 2 X AR TR 3 P JR T el T s . 7RIS } 7.12 dB.
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Fig. 9. Influence of environmental uncertainty on source

power estimations at different frequencies.
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Fig. 10. Influence of different environmental parameters on
source power estimations at different frequencies: (a) Over-
all; (b) partial enlargement.
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Influence of environmental uncertainty on source power
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Abstract

The method of estimating matched field power solves the problem that the traditional method of
estimating power under the assumption of spherical or cylindrical wave is greatly affected by the shallow water
waveguide. However, the accuracy of the matched field power estimation is seriously affected by the
environmental uncertainty. In this work, the environmental sensitivity in source power estimation is defined,
and the loss of the source power estimation performance is quantified when the environment is uncertain. The
relation between the loss of the source power estimation performance and the estimation deviation of the
acoustic transfer function is derived by using the modulus deviation and the angle between the estimated
acoustic transfer function and the ideal value. On this basis, we study the mechanism of the influence of
environmental uncertainty on source power estimation, and the influences of water depth, sound speed of water
and sound speed of sedimentary layer on the estimation of source power. The results show that the influences of
different environmental parameters on the modulus are small, and the decline of the power estimation
performance is mainly due to the fact that the angle varies greatly. The change of water depth has the most
significant influence on the power estimation results, and the change of sound speed of sedimentary layer exerts
little influence on the power estimation results. Beside the water depth, the change of sound speed of water has

a greater influence on the power estimation results at high frequencies.

Keywords: environmental uncertainty, acoustic transfer function, mode shape function, power estimation
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