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Source depth discrimination based on array invariant in
shallow water
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Abstract: Waveguide invariant can be used for source depth discrimination in shallow water with a thermocline. How-
ever, estimating the value of waveguide invariant is a challenging work if a source is observed by an array without effi-
cient radial aperture. To address the depth discrimination problem for the source with a known distance but no radial
distance change relative to the receiving array, an array invariant based method suitable for the shallow water with a
thermocline is proposed. In this method, a vertical linear array is used to extract the waveguide invariant based on the
array invariant and then the source depth discrimination is realized. The simulation results show that when the vertical
linear array is deployed below the thermocline and the source distance is known, the waveguide invariant extracted from
the array invariant varies significantly with the source depth and it can be used in source depth discrimination successfully.
Key words: array invariant; source depth classification; waveguide invariant
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Fig.2 Beam-time migration of the sound source at
depth of 5m
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at depth of 5m

0

1.0

BHIHRXH R 53 A
2 B 2

<
o

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0

2 3 4 5
WS RY
Bl 7 IR 50 m IS AR E 0
Fig.7 Waveguide invariant distribution of the sound source
at depth of 50 m

0

£ 1.3~1.7 Wo EIRERG R PR FIA AR BRI
BFAEE T

A @) 2R 3 AL HE B I P YRR LI AL
G DLAE 8 Bz, [ i O S P A B R
A EALRE S PRIR L A DL, SEEONBREHA
B3N P AN R AR P IR L R AR AL Lo

3.0

- - GAEE
251 — HKZE

0 20 40 60 80 100
R /m

B8 P ARBAEA[H A RIRELN fZR s L

Fig.8 Waveguide invariants of the sound source

at different depths

M8 T LLE Y, SR ERAE TN, WEA
B p=1; MERZHERMT, KRALEREHE R
R4 T WA, JT/KTR R S K R A R
SATEEHNHE. LKA THERZLLR, &
BT HERZE LA LR, WSATENT 1, A
BT HERZLURE, WSAEERT 1. el
I B B A AR 8 34T F1 K2 DA 149 7K T 78 R R
BRJZE DL 7K R RER FE 0 R AT AT 1N
23 IR TEHIRRE G ERME R R
2.3.1  HMURELFZE

HI SCHIH Bellhop A28 ISR FE & S0 m, 7E
VR UK R S A T AT DU B 51 AN A8 B Ak vk 1
SARAS R 2 S0 KT A YRR R AR, B
TRIT SRR BT P JRIR B e SRR, i Ak
R 1, EREIRELE 10~30m 2 J8], 5mAbsE
RS 50 m Ab YR G AN AR R A I R USOR B AR AL
THEOLAIEE 9 Fizm .

MEL 9 FRTLUER], MER BT RERE DA
B, KK R R S AR ENT 1, ZE5
K, MECLAT HEREIRIRRE s H 9B RIR BE A T F R
JELLREF, KR A IR A S AN AR SAE 5 K TH IR
AL ZE SR, ZEIR S AT DS YRR FE
32
232 FEREEERRN

T 8 7 YR P S T 4 AT K T 7 YR AT K R S R
ECIE], 7R R IR B R AR R R TH A% S R



5 W

BIRANEES

0 20 40 60 80 100
B9 B AR AR BN AR L 5T
Fig.9 Waveguide invariants of the receiver
at different depths

l. SmAFHEFEE 50 m AR S AL &6 IR
BTG A 10 s

3.0

RolwZ S jatr bt vacvicnsav-nd

5.0 52 54 56 58 60
FE YR B B /km
10 PP AL EIEA A 7 JFEE 2 A AR

Fig.10 Waveguide invariants of the sound source
at different distances

MK 10 FFaf AR, K S PR AR
NT L KTIEEARSAZEERT 1, BeA
AR IR S NS UIR AR, AR
ARRIZTTIEFE AL ]S o
233 MERREE. BT KERARHIR R

AR R 2 BB 5 R FE N 1 v

DR, DTESMIE 1. WSKE 100m, 7
Ei)i—'mﬁf 10~20m-. 10~30 m. 10~40 m 2 [A]iT,
B FAAR B ER AR 11 FoR. M
K11 RETPAE H, KIEK R AR SR R
2 R UR 2 L BE A T AR Ak, B 4 31 75 YA T
BRARJZ DL I DU I 45 SRS AN K

TR ZIRFEAE 10~30m 2 Ja), FErhOpi i
2 30 m, JWSIREN 70, 130 m B3 S A &
{EL Rl PR IR IR B AR B Al 124 13 Fios. M
Bl 12, 13 FATBLEH, JREKZER. RE. &
FEARAR, (BHFRASACI, JKTH K N R R S AR
T2 H 2 R VR P 3G RIS, (B AR AR AT LAE

TEREE: —FhET FR A AL B[P P IR S 7 HTT % 605
3.0
—10~20m
25F-- 10~30m T

0 20 40 60 80 100
IR /m
B 11 AR R BRI 3 e AR R R RS L
Fig.11 Waveguide invariants for different
thermocline thicknesses

35
301
251
20r
151

1.0 N
—Vs/"'/

05F

BIRANEES

0 1 1 1 1 1 1
0 10 20 30 40 50 60 70
FEVRIREE /m
Bl 12 R 70 m N AR E RO
Fig.12 Waveguide invarian at a sea depth of 70 m

35
301
25t
20t
15} JW’\
Lop

05F

BIRANEES

0 0 2I0 4I0 6IO 8I0 l(I)O léO
FEVRIREE /m
B 13 ¥R 130 m I3 AR ARSI

Fig.13 Waveguide invariant at a sea depth of 130 m
e A 7 UV A B L L
BRAZJZLLT

BeAh, BRONASCHT R TTER P R s o Al
it Bk, FEFIALARIR, T ALt A RS AR
i, RPN BB A TS5 R AUBHET .

AR SCH I B B AR B 5 i AN AR B 2 TR A 2
PERAR, PEH TP TR H AL B R YRR EE 73



606 =R

VN 2021 4F

Forik, HEM TR KRR . £ RAAMEE
EAFE PR ARFINIEOLT B0 ERE QO HARXT
T I ToAR m FE RS A A AR AR, JE L T R R
P EAEAL T AN R BUE, BETRYE BT
ANAR B ) PR R P AR R S B PR YRR P o TH B
WL RS REN], R REREIA T, (RIS
AR R AR RS ERET TR
SURPRAETT I I AR — B ATRLA T SEEK
T 7K R AR IR L 7 2K

2 £ X W

[11 BREKHOVSKIKH L, LYSANOV Y. Fundamentals of ocean
acoustics[M]. Berlin, Heidelberg: Springer Berlin Heidelberg, 1982.

[2] TURGUT A, FIALKOWSKI L T, SCHINDALL J A. Measured
depth-dependence of waveguide invariant in shallow water with a
summer profile[J]. J. Acoust. Soc. Am., 2016, 139(6): 184-189.

[3] RO, $l¥, FEW, & RGN N RS AL R R
PESPAT[T]. WU IR, 2014, 63(19): 178-186.
SONG Wenhua, HU Tao, GUO Shengming, et al. Time-varying
characteristics of the waveguide invariant under internal wave con-
dition in the shallow water area[J]. Acta Physica Sinica, 2014,
63(19): 178-186.

[4] AU, BRYE, BRRH, 5. T SRR KIS 7 TIB S5

[3]

(6]

(7

(8]

(9]

[10]
[11]

TRIEN]. PIFEEAR, 2012, 61(5): 274-280.

YU Yun, HUI Junying, CHEN Yang, et al. Researches on the in-
terference structure in low-frequency acoustic field based on
space-time filter theory[J]. Acta Physica Sinica, 2012, 61(5):
274-280.

MRELZ:, REJE, £, & 183 AR 15T 4 Mg Rr
TERFFE[T]. PIELEAR, 2014, 63(3): 241-252.

LIN Wangsheng, LIANG Guolong, WANG Yan, et al. Character-
istics of mapping domain of the acoustic field interference struc-
tures radiated by a moving target[J]. Acta Physica Sinica, 2014,
63(3): 241-252.

XERE, SRV, E. RS R i R R IR
RIT]. PSSR, 2019, 44(5): 925-933.

LIU Zhitao, GUO Lianghao, YAN Chao. Source depth discrimi-
nation in negative thermocline using waveguide invariant[J]. Acta
Acustica, 2019, 44(5): 925-933.

LEE S, MAKRIS N C. The array invariant[J]. J. Acoust. Soc. Am.,
2006, 119(1): 336-351.

SONG H C, CHO C. The relation between the waveguide invariant
and array invariant[J]. J. Acoust. Soc. Am., 2015, 138(2): 899-903.
SONG H C, CHO C. Array invariant-based source localization in
shallow water using a sparse vertical array[J]. J. Acoust. Soc. Am.,
2017, 141(1): 183.

VEFBIY, W/R B KA. 2 M. LTt B, 2013.
ROUSEFF D. Effect of shallow water internal waves on ocean
acoustic striation patterns[J]. Waves in Random Media, 2001,
11(4): 377-393.



