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persion results and the theoretical results.
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Fig. 2. (color online) The time and frequency results of the separated normal modes signals.
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Fig. 3. (color online) The estimation results in different ranges: (a) The results obtained by KRAKEN;

(b) the results obtained by Eq. (29).

184301-6


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

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 18 (2017) 184301

R OAFET R A 45 R

Table 1. The last estimation results in different ranges.

Vi EHE r/km R 71 /km wE/% D 72 /km %=/ %
5.00 5.03 0.6 5.08 1.56
10.00 10.13 1.3 10.22 2.20
15.00 15.02 0.13 15.12 0.71
20.00 19.74 -1.3 20.06 0.28
25.00 24.98 —0.08 25.12 0.13

F ] 3 1T LA ARATUR i B 3 8 SR
PER, X EEAW IR ER. 5l TR
FE A A L 2R BT PR R SR R RS AR RO, T A e AT
53 PR Y 17 1E I8 1) 3 2 2 35 0 Tl K b ) PR L
AR, PR IG IR E 23 A - B SE 2 A7 A
BRARZE. HRAEF) ] warping A2 #e LK B 35193 By
T HSHE 5 AT o S K I, 7EA50 P v (BT
UR A2 I e 28 ) B 3T 1R Ak 37 AE AN ] i 4 1 12
2, ATATIX P 2 e I B 5 L S 2 (R A7 L
ZEP.

TR E B A I A R I IR R b
BRR B I AR DX S AT T AR, A T IR KRB 8 B
WOR COR T 187 IR U AR A 2R fIIE oL R, SBH
(fo/5,4f0/5]. HEI3RLLE H, 7£ 200—600 Hz ]
A T FE Y, 300500 Hz Y6 4 A 45 3 be e fa e .
M4 (12) 20, WA £, = 300 Hz f1 f, = 500 Hz,
Ju AT fo AR, AT LAAS 31 & AN AL 38 FE B R 1 d5c 2 U
FEAE B 7 N F) I KRAKEN 75 31 1 ) & 45 5 1
7o AR (30) XA B ELE R, R 1L R
A CAE H 7 MR R ZE /N T £2%, 7 WET £3%,
g e

3.2 ARHEIKIEK FMEEFT AR RE ST

X T AR ) K AR Uk 5, AR SCHR HE TR B T v
E0LHE P TH ALk — 5 THI, 1% 48 warping A2 #: /)
AR A AR S, T AR Sk E S A —
ESEAE ;U7 T, 1R R AR S8R
7Y 7 I 98 22 1) PR R 1 22 B D 3 3 10 1 350 7 AR %
THSKPFEE. AT PG “warping 28 #7 Fl <~
475 S T 799 7 T A AUt 340 50 7K Ak I8 5 e
RE I, A SO & BR 2 0 S AT T E. 1
FLIAEE b2 R 2 kT 10 P T T A0 P 4 B, R
H =25 m, RAERL AN, = 1700 m/s, #§)iK
EEN pp1 = 1.5 g/em?®, WIKIHBESE P = 6.375,

ek BB S r B HUE VS N 525 km. Pekeris 3% S
WK R ¢p = 1500 m/s, HAMESHE Lk
ES—% ABiEASERE HESTKZES
N, X HH warping 28 e 3 B9 5 4 HL ) % B 18] 1
(AT PR 400 5 it 28 5 20 b 5 7 1E O 1 B2
TEMLEE FEAT T 0FEL, 45 R Aan &l 5 o 2) 3 mildE
Pekeris % T F1 & BRJE BT N, FFH P35 75 3 51
I JECAH #2 2 HORAT B9 A [F] B 187 15 35 2 TR] 1 4 1
ZEFNBAR VTS 25 RS b, g5 R il 6 FEl 7 B .

0 J
5 /
g
w15
S
20
25
30
1490 1500 1510 1520
s /m-s—!

B4 SRR S
Fig. 4. The sound speed profile of waveguide with

thermocline.

P 5 45 B JEmT gn, 6T K AR R ZE 1
3, FIH warping A8 #56f & [ 187 153 73 =9 J5 2 B
ARUHI 2 5 P e b L AT IR U B R S A A SR A
b, — &k i, & 2 K& warping 28 # & — >
RIS AR ¥ 75 AR SO warping AR e AE N —Fh o 55 6
IER R T 784 35 167 1E W J5 i 220 ] warping 16
AW AT IR SR, AL B 5 B BN R S E =, R
warping A% e ] 73 B8 FE E SR AR A . BRI, 7R
48 warping 28 # il DLSZ IO 20005 5 1 & B 1] 1
WAT 2 B IR OU T, XA SCHE H 0 FE v i
FHH.

184301-7


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

38 % R  Acta Phys. Sin. Vol. 66, No. 18 (2017) 184301

RYEE 7 PRI AR, T 5 R E KR, B — SRR, B E Z 18 55 & 15 Pekeris
K P AR SCH H 0 R P Vi JE A % 2 oM i K Hp -1 2 B NS RMLL, JEE N BE R, BT
fﬂﬁiﬁﬁﬁ?ﬂﬂ’]?ﬂﬁmmEYBZE‘JE?LE, HECH 25 R iR 22 th 2 3 B 2 B 5 SRR ZE I T B
T T I O A R S AT AR B A Kz —.
’TTEﬁE/BZE’Jﬁ oA EAAAE — R R ZE, ARB ] IE

600 600
500 500
N N
z z
¥ 400 ¥ 400
K K
300 300
200 200
3.30 ) . . 6.65 6.85
600 600
500 500
N N
z z
5 400 5 400
300 300
200 : 200 - . :
100 10.05 10.10 10.15 10.20 13.30 . 13.40 13.45  13.50 13.55
HE) /s
600
500
=
~ H TS, H
5400 WarpingZE {5 IUE
= S
5 L N S A PRI
300
200
16.6

Hf1a] /s
Bl5  (MTRMS) SRZS T AHON &SI T

Fig. 5. (color online) The comparison of the extracted dispersion results in waveguide with thermocline.
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Abstract

Aiming at the passive impulse wideband source range problem in shallow water waveguides, a passive source range
method with single hydrophone which is applied to the shallow water waveguide with a bottom of liquid semi-infinite
space is presented in this paper by combining the group delay theory and warping transformation. The receive signal
is composed of several normal modes, and each mode represents many characteristics of the waveguide environment.
Warping transformation is a good tool which can achieve the separation and extraction of normal modes from the
received signal, and it is also an unitary and reversible transformation, so the warped signal of each normal mode can
be recovered completely. The dispersion curves of normal modes can be extracted by warping transformation, and the
relation between arrival time and frequency of each order normal mode can also be calculated, and then the time delay
of arriving hydrophone between arbitrary two different normal modes is obtained. According to the group delay theory,
different order normal mode has different arrival time at the same frequency, and the arrival time of normal mode is
determined at its group speed when the distance between the source and hydrophone is certain. So the propagation
range can be estimated when the time delay and the slow group speed difference between two different normal modes
are known. When the waveguide environmental parameters are known, the slow group speed difference of arbitrary two
normal modes can be calculated by KRAKEN. However, when the bottom parameters are unknown, the bottom reflection
phase shift parameter is an important parameter describing the acoustic parameters of the bottom, and it contains nearly
all the bottom information, what is more, the bottom reflection phase shift parameter is also a parameter that can be
extracted by some experimental data easily. When the depth and the average sound speed of the water column are
known, the slow group speed difference between two order normal modes can be represented by the seafloor phase shift
parameter. Therefore, the source range can be represented by the bottom reflection phase shift parameter, the sea depth
and the mean sound speed in the waveguide, and under this condition, the source location can be estimated by one
single hydrophone. The effectiveness and accuracy of the method are proved by the numerical simulation results and
sea experimental data processing, in which the signals are both received by a single hydrophone. The sea experimental
data contain linear frequency modulation impulse source signal and explosion sound source signal, and the mean relative

error of range estimation is less than 10%.
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