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Fig. 1 Illustration for operating conditions and localization principle
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Fig.2 The sound velocity profile of two typical seasons (data from WOA09 database!**~>")

5 IE P AR (40 Kraken) BC3 4 J5 F2 A A (4
MMPE ) H L, 5 2R 455 0 14 3 200 #5802 Rl 0% 335 b 4 ik
ANFIFREE 6 T BAAE 75 2R B A2 22 5, JF vl 43 4A
FIKIHAE, 36 FFA SIS MR . 73R S8
VB QNN s 2 ) TR [ O I 1 VI, AR 20 m,
K-35 Bl A 0~ 30 km, 8] F& 0.1 km; 75 R 48P0
AR 1 kHz; 35053 A8 Bk 0.1°~89°, [H] B 0.18°
TR 25 1R R TRV 8 - ARSI, AR 4% Hamilton 1 75 2%
LSRR X H TR E S RGN THUE, %8R 1.352 glent,
JE46 5 7553 A 1503 m/s, ZEH 250 0.12 dB/A

P 3 R4 BELLHOP # K75 51 i 5 26 Fn 4 4%
T 7 CHR Al 1] 2 o g s ) T 380, e PRl ek 4
MR EIN., WRIEE 3, EFENLEAEFHER
X 7 3, 705 18 P B0 58 X 5 5 X FER X 43 B, 32 X
B IR A 0 R, R X 3R N Vi I
PURCGT . WU R R A B A RS SR I
Yy, i R AR R T — AR E L E KRR
RHEWE TR, ZEZ THREX5EEHE, X E
A 55 U T I R 0 S S 4 7 R L R 3 T i ik
/b 75 i

F 25 B AE AN [ #: R S (Receiving Depth, RD) [
HArH 15 5 2aA 5, EH 50 m, 500 m, 5400 m 1
R R TR 2 IR R AR IR
. HECE BRI AR I (B 4) /] LA
MRS TR RZN, B EMAERE T 20
W FOR T B R A, AR IR 7,
AT /NYE TR 75 e v i X Bk, & Tt R & 1 5,

R A X 5 e DX s ) A R I A ) R 2 U
T 20, S8 XM XA B K25, e X it
P 252 T LRI N2 30 dB, Heid i XA i 1
A e A Z A W R 2 A, [F i S5 i-%
ST 55 AR TP T IR R I, AR R 2
AbF IR PAR T B Y, AL R SR A B8/, 7E 30 km
4 1 4 B S TS BEZE 15 A B i 90 dB Y AL 2 2k .
IR AR, ALK AR T H AR AR S Bk
P S, ol A5 AN TR 2 MACTAR 82 75 I A 1 ) 2 Dk
AT LA S, TRV b )2 52 2519 1 PR T A2 AL 1 52
SLERTE

4 IBTARAKS P ALHE R W 0 A

4.1 EIEFEEE

H AR 55 1 238 75 AR AL 4R B2, v —
FGNHE S I P 21 38 B ARAE 7 2R R i . B o Bk Y
SEAAE G K Th T S A 3 5 S A Y A I AR (A
9 RR), FR R AN L 7 — YR RS S VR A B — U I
I P AR GRS RB), P U 6 1 T8 1 IS 45 42 07
— K SRR T B A I P B A2, T 52 D) S ¥ T — T 1S
ZIE Z W AT AR . ik R ZHEEIRE ZH,
A7 AE — JS AN 23 7 5 R0 T 2 S 1) A% 49 1 3 T
W AR GE A SD). [ S 45 T L T 1
22 (RD=50 m). ¥ )2 (RD=500 m). i
JIEJZ (RD=5 400 m) 3 B 25 {4 & Y B BUACAE 75 2 L
o T AR R AR 5 P U T 2 A B DG, TRt
V7K R B 2 1 10 234 M B A 0 SR 6 H A 7 1R 5 31 0A



3 BB AR TR ST R PR AR AL X 2 2 3R XN BE K TR SE s 5%

A

63
0 110 0 110
1000 100 1000 100
2000 f 0@ 2000} 90 z
E % E X
=y 80 I X 80 X
3000 | 3000 |
IS g K &
70 ¥ 70 ¥
4000 f 4000 F
X 60 60
5000 F ; 5000 |
R = 50 ~ 50
0 5 10 15 20 25 30 0 5 10 15 20 25 30
PR /km i 85 /km
K3 HFE()E5LFO)ERRKT
Fig.3 Transmission loss in summer (a) and winter (b)
RD=50 m 40t b RD=50 m
- RD=500 m \ - RD=500 m
RD=5 400 m 60 \ RD=5 400 m
g g oo
5 _— T80 s
| (il f\\/‘”' W\ \ \f wx )
B Y \ \M‘ ,,,[LMW\MJ % 100 Ul JM ‘W ; p M’W W M ’\
# ‘,‘ *J 1\, i \yﬁ«\\/\ P ¥
| 1 "v"‘ i 120 +
140 | 140 |
0 5 10 15 20 25 30 0 5 10 15 20 25 30
HiES/km B B3 /km
4 BRSO BE M EL 7R (a) 5 4 Z= (b) B4R B i 4k
Fig. 4 Transmission loss curve in typical receiving depth in summer (a) and winter (b)
R NS») SD /. SD a. 0 \RR * ra s b 0 N : ¢ _Em
1000 |\ RB RB RB 1000 F\'\RB = ‘RB/ RB/ 1000 F \0 K
\\ Ea / ; \ N\ S
g 2000 g 2000 \ ‘ S og2000f ) N\ C
= | = LN / o= RN
% 3000 R3000F NN S| 3000 "\ )
4000 4000 | [\ N/ : 40001 NN -
_ sy /\ / _ EHE \ \ .
5000 | 5%; 5000 AN %% 5000 RR RR. RR~
LN N o L /4 L Al ] L » L e
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
B B /km i B/km i §/kem
K5 IR S T AR 7 4R L8R

Fig. 5 Comparison of eigen-rays in different receiving depth

a. RD=50 m, b. RD=500 m, c¢. RD=5 400 m; RR. ik il /5 4 7%, RB.

— YRR S LA AR, SD. R TATE T 5 AR 5 R Z R A AR B A R 2

Ja BB 43
a. RD=50 m, b. RD=500 m, c¢. RD=5 400 m; RR. Direct wave ray path, RB: seabed first-reflected wave ray path, SD: surface duct ray path; the dotted line

denotes the ray paths after receivers

AR R LY | B A S5 B3 7 AR R
42 SWELE

FLA W A EWE R BAA R G S | B RE TR 25 /1
SR, S B T AR BRI — IR I
PP o KT & SR, BB TR LA R
WA A5 D, e R Bk 0 BAR S 55 A
RERER . DUF R (1) &2 BELLHOP #2841t
SRR AR TR SO Y 3 S B A R T AR
T HIE MR £ (& 6), S IR Z ik (5 B idie, D

TR X LR U I — YR RS S S A AT TR,
TRZ SL B 200 dB, 32U 4 50 m, 500 m, 5 400 m
B 5 R NL 43 %I HL 75 dB. 70 dB. 60 dB, & i [

DT HL 10 dB, iR T ik dk (1 kHz) ., MS4EI0E
rﬁm?somﬁ B H kB E BB /NT 2 km

(#% BRI EEAMEHED), A Z th Tz R Ak 1
%%E%’Z%YEFH?BI%I, RS AR 0 A g ) £ e Ll B i 4
TR g VA DX (R 1R] B KB S M 22.6 km) o, E iR P
bt 0 Ffr, — YRR S S I A F I B 4 25 km LA



64

5 75 b
gt — RR-EE 80 |

15 Ly/dB
%

/
545
ARV
e

= b /dB
3

f
]

MM 25
RR-E 7T oL ¢ — RR-E 7%
] — i
RR-2-2= — RR-2Z=
= [
%40 7/ """"" .
iz )

401 % 40 I N
Z L ANV | e
e N el

20 -{,T iV e 20 i \
/| - :
() 1 1 1 1 1 0 in 1
0 5 10 15 20 25 30 0 5 10
BB /km

15 20 25 30 0 5 10 15 20 25 30

BH B /km

B 6 IR HMOBR BE A5 1F T 1A {5 e b B 25 78 Ak b 2 HL e
Fig. 6 Comparison of signal to noise ratio curve with range under different receiving depth conditions
a.RD=50 m, b. RD=500 m, c. RD=5 400 m; RR. ELik i 4, RB. — UCHE IR S 3 75 B A%, SD. FIHIIE 75 #5425 15 R L 10 dB 14 HE 2k 32 75 s )
a. RD=50 m, b. RD=500 m, c. RD=5 400 m; RR. Direct wave ray path, RB. seabed first-reflected wave ray path, SD. surface duct ray path; the dotted line de-

notes the detection threshold of signal to noise ratio is 10 dB

b, BN R S EOR AT 500 m B,
M RXFEFE X ERE X, G2 BT
R B, P XSGR A B i e f, S
PR TR Y 24T MR IR BR 2, 5300 1 2 I P A BRI
PSR PR B 22 IR, B IR AR FBE 25 /N T 5 km (4%
IR AR RD; A RBIR G )RR E
TR 25 A g & A T A8k, B 21 e B A v
W L2, B AR R R A E) 15 km DA Lo 244520k
TREENL T 5 400 m B, PS03 75 A8V P I 8 224y
PEARPRAR /DN, TR U 7 B AR Ol T4 7 B AR, 74 AN
T DX PN B89 PR R A i 1 P G, B — R I S D
H15dB VL |F.

HR A R 2 B, X T B S A T LR R
B, B A R B R A PR, G SR S A
I VA XA 7 T, 0 SRR B — RO IS RS U A
Bo Sk [25] 8 T AR SR M — YO IR S S ik
AT ICUR H AR 8 s BE 9 T A, 303E T — U I R 5
ARV R X DN 1 K R R I A R . I
ST AR A R B RS IR R L, AR S S R
— YR I S U TR A I 0, ik E B R R
/N TR RS M ARG I 3 A 17 BT AN
43 FARIE

M TA7E RR. RB. SD %5 2|35/ B AR 1Y 22 5%, 75
E3| Boi BT RAY /N 1 D aaa o DI DA AR A (3 R A3
T3 A ORISR B 2R E T I B 3K I SE i R AR
R4 . MR TP R 2 Avh L 2E, —
YR IS A D5 7 B A8 11 3] 3k Hof 4 B K 1 LAk I 7R
B AR, B AE 22 76 BE B H AR BT ORI B 25 (EH 5 5 s, Bl
AL 475 B 388 o 8 B WA R G N RN .
R, TE 58 X P R B ISCRs f S s 30 T B IR Ik 7 I
ALK 55T, B JG — YO IR S I A5 5 A g 3
Ik, TR 5 DX LR 2 0 38 s — YR T I B S 10 75 B AR

TR FEAF T, eI 7 T BN B 3K I SE 7 EA P A
FHIE RS 20 Ak B — e B << Bk, T P 2 7 A
FIRY I A2E 25 i HEE 2 0 0 T 38 T 583 o 2 WA L T VR
PRIT R Z I, A A AR 5 — YRR I B A A2
ZERNARN

5 AR RE RLPERER W 0 A

VR VE PRI 55 P A B R PR R DR BG , A5 7 A b SR X
PN PERE PR AR L LLTR 45 A SC A Tl AR A
B —Fl 5 B4 7 %, T LA 38 e 1k R X 24
IBE AR
51 RER

H A% 75 15 5 76 4 75 05 18 AL 46 DA R R 15 2
KA ALIR | AT A R D B G DR 25 AR ik, RiRiR
LR FEALIT 425,

(1) J 0 0l 0k 5% 25 ¢ 4% 38k 0l 067 8 AR B 1) b o 1%
22 o XK B, Ay F IR SRR AE W AR TR 42
gy, MK 5 3045 09 T2 S00E A5 B UL OK
-5 5 B 22 1) 04 R e R R S A A R, YRR ]
BT IS IHE I, IR 7 DR T e 0 4 A 2
B O B2 FoR GO 02, ARIEIMA &R, K T2
FUE PR ZE BN 1 m, BCESARE AKCFIR 221l
1% AHE K - 6 1E R 5 +60° X 3k 1), Bi# 2 jE
FEWSCER A 50 m 1 500 m (7K - kiR 254300k 1.5 m
H1 6 m; B2UASAE T H O B R R
TR AR, MRS A B A B DM T ] R 22 N 0.2%
I, BEWCERE A 50 m A1 500 m (1) 3 [ 3 ik 4R 2243
B 0.1 m, 1 me XFFKTFIRY, fF R 7E IR
WAF 30T 52 VA S5 R A /DN, 3 b 10R 25 32 T kg 0 A TR A
TEVRE . MR IUA TR PRI S AR B T, #KOF
WRZETE N 0.5% FHE, F2R BN 5400 m 1 7K-F- b bk
B2 27 mj i ] 0 Hk 15 25 AR VR - ) A% R e



3] R TR T A M R B A b e 2 T KRB I T 7 A 8 5 MR A A 65
25 - 25 - 25 —
a.RD=50 m, § 7 RR b.RD=500 m, 5 & RR ¢.RD=5 400 m, & RR
20} - RB 20+ ~ RB 20} RB )
& 151 & 15t 915t /
= = = g
Aot Rt R0 =
= | = = e
5t 5 sp— -
o o 0 P S
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
J B /km JE S /km B /km
25 25 25
d.RD=50 m, &2 SD e.RD=500 m, &2 RR fRD=5 400 m, &2 RR
20+ ——RB 20+ — RB 20t /RB
& 15| g 15k g 15}
¢ g = = ~
Hiof T Hiof A 10 -
= ) - ey L O -~
5t - 5 st ’
0 - 1 1 1 1 1 0 ' 1 1 1 1 1 0 1 1 1 1 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
i 8 /km i 8 /km B S /km

P 7 AT S AR TR 2% T 199 28k i A P 7 A ol 2k L A%

Fig. 7 Comparison of time delay curve with range under different receiving depth conditions

RR. 3K 75 B A2, RB. — YIRS 5 875 B8 A, SD. 3R 100 85 75 BR AR s 30 o) e 4R i 8 38R Bk AR TR s i 7

RR. Direct wave ray path, RB. seabed first-reflected wave ray path, SD. surface duct ray path; the dotted line in vertical denotes the maximum active range of

I8N 0.2% KR, FECREE S 5 400 m A4 3 [ 0l 1 5%

direct waves

P

, 3 (1+ZSNR> 1

Ters = g '\ "sNR® ) BT

%4 10.8 m,

(2) 75 e AR B A0 15 2 ¢ 0 a5 96 DX P A R s R
Bifi B 2 AR 4 51 AL T S i BRI IR R 25 . R S A
7K A A — s BEALYE, 2R a) 1 SR80 R 52 i
AR, fE2s (8] bR K =4 L5 o0 i o XA
SCUT I Y 2 23 3R XORUEE , 3 B — 2 I 4 7 IX v B
T 5°x5° X 8k W] 2= 5 4 Argo 1 T (5 1 %% 99 41, B9
K H A BR Argo B 8509 AR S I 7S ] 1 A 6 T
A S 2 25 4 1 I Bl A2 Al (Argo FI IR AE B T A
HE /N T 2 000 m, H R 43 0 B8 58 E0CHE K A
WOAO9 K4 45 SCHK [34] 2 H By idfi i ). Ze5e it
A3, MU THT 2 50 m, 500 m 1 5 400 m 3 /> L A1 J2

TR B -2 7 bR E 22 4358 4.8 m/s, 3.1 m/s A1 1.2
)

mis. KRR (R BIE, 6 T = e, AT = % 3

Fi1 8. 1043 591 g F SE 5% 2 7 i 22, B 7 2 0K 51
F e 5% 22 i 48 e HE 0 T 38, A8 (ol 5 7
HE 54 2% 15 SRR I OB, T4 0 = ot 7 R R
Pt A2 P 22 HEAT A, Hoohon Ay 7 A 2%

(3) i A i 15 26« AR 42 O 8 KR 19 47 %
5, R I {55 5 AR B 1575 0 B A0
VR0 L E A TR 2 5 £ R LU O SRR I 2 1
Cramer-Rao P2 (CRLB) jiff £ 6%

Kh, B WG S 98 ; T RAE 5 FEemt |

i 4 Ak 5% 25 FR v 22 i CRLB 3l % O(1 us)~
O(10 ps) % . TEIFRIHH, 76 {5 M e 25 T 2R
J v A B A 5 Ak T 7 v A AR G I 20 A v | G 20 1k
S ) AR I A A R BE 45 I 7E £ RS CRLB 1y 7K F-1e),
TE/NTF A AR B IE IR 22 59 O(10 ms) B MR 4 A 3C
BESE B4 5% 1, T i T 420 I 8 T A A 158 2 o 22
o WK 10 £ CRLB, Hg H7E SR XIERE/NT 1 ms.

(4) ol [7) A5 45 22« 6 3 A 15 19 I e 122 % 452
P o 5 JEAS BE A AR TRCHT S A [ [R] 25, 12 h 958 AR
W (BT A, 4% B0 A U 48 51 B AR BEAS 1T, B (RS R
20 01 ps), AEXF T AL FT S0 AE 152 2% T 220
52 (AEHEZE

T R R 2 R RGN 7R AL R, LA
T2 ISR [16] 837 3T Monte-Carlo 75 125 15 B B |

(1) B Ar A3 ol Ak bR A B 152 H bR A K S A B Ak
FREE R X, = [xoynz] 5 5050 A 0 03 A % 1 200
X = [xjj,y:i,z;f]T BN (x02) LN (v.07) N (z0%) 2
F % B U 3L A AR D X, = [, 05] o oy
TN x . y. 2 7 I Bl HE R 2 B 2

(2) 7 2365 BT of 75 Bl mi /R b 2SR
A3 S OR L ER U 3 R — R S S S 7R 3, SR ECH



66

MHEdy 4245

B ) P A R, AR B 7 iy PR 2 o 2K
e 9 B B 5 45 TR 3 B A 040 25 00 ok A
Cuy F A B A ZLA [ TR T, = [t TR0
B ] C, = [Cay G ] (N WA AR,

(3) I 2R 22 21 $2N (T 02) 2 B i 4
PR I 00 A I (1A T, T = [T T Tl
Hovp o o BB B S 4% 25 BR U 25, 0 = oL+,
o, S AR B A B AR AR 5 AR A 22, o, B A
IREFRIEL

(4) FURRAT B AR A A H IR A B, A
) 0 AR ) BE RO = [0, %] IR BRG]
(AE 28, SRIRE A E R R T = [0 1]
I 485 2007 ST L 16 €0 = [, e8] s ) Bt
{8 4] U6 (EL (1) B} 4iE 22 (5] 4 AT, = [AT,, ATy, ATy 1",
HAAT) =(t =) = (T0-70) (G # 1); LLSE35055 2
18 30T {61462 20 7% A T, AR A 2 (5) L (6) fRA
AT, SR fift B AR08 B A TR, FEAE T — A A
BXE R R, 5 AT I, 1A, <107
150 1k 0, R A R B g 12 U AR o g B Ao T
{HX, = [xm,ym,zm]TO

(5)\EEFE S5 8 A. 253 1000 Wahke
J5 I 1 RS D AF ) 9 X0 (M Sk A 8 R 5,

M

Z (Xr _X:(r?)z/M»

FCrp X000 S5 i RE B AR 07 B I

53 HEERSH

PAR B8 5 — A~ HL AR 37 5006 52 A3 7 B A7 21 1R 3R
B AR AR 5w 7 SRR AT e o B A K K7 B
At (x, z) A (2, 2)(BAAT R km, T IA]), 17~ 573k K
A7 AR R AT R (0, 0), (=8, 8), (=8, -8). (8, —8)
F(8, 8), 45 HL 3k 5 A K s A 7K -2 43531 4 2.83 km,
11.66 km. 14.14 km. 11.66 km #1 8.49 km,

A PR SO IR (9 00 2% A, T VE T )2 I A i 2
Y a oy v 7 AR AT 8 7, TV T R 2 AN T
2 B A D T A R L A% A 0 B A R
LIRS BEAR I S — YU I S5 P B A . X T4
WO BE 500 m FY 1 0 (15 W 1L 43 A1 DL 5] 8a FIE] 8b),
R ZEZE IR ERZ S T ELA WA R B9 R 4.5 km,
HUA VI T H IR W VE BB 22 N, 1 HoAth 4 3%
Sl Y057 T ELOR A R B 22 A0, 75 R — U JES S S
W RE AT 5 A R R 2 SR A 2 BUR G Bk i
YEFBE B K 2 19 km, 5 /> 3356 35 0] F) B B A 9% 2
7, fEL I [ 4 A T00 A Ak 0 5 3 T R A5 0 £ Mg L 1 38 {1

PR #1%22 (RMSE), RMSE =

TP VLSS . W T REUOEE R 50 m B
(f7 W L 43 A DL ] 8¢ ANIET 8d), 2% Bk I 1 I I i
FAAT T HEUCIR E 2 500 m BF 45 /N3 1.9 km, 5 4> FE 3k
Y07 F B IR W VE FH R B =2 A1, A BE R — Y IS 5 4t
WA A5 A4 2l FAEOR B TR A2 W, Al R A
25l R E T BA R H AR S5 #E T AL, 7E X-Z -
T A M Ll 2 R A AR 0 A, BE K 50 29 4 km 1
X5 P4 15 1 EL R 3 40 dB, #8 Hak — IE B J5 B i R R
% 20~30dB. A FiR 3 FRE LR B, F T I
B AR A WOAR TR A G R RS B IA AR FEANTR]
-2 26 F R PR A T OR TR S AR BRI B 4R

Xof AN () 22 WAL R B 5 R 1) 5 7 2R A AR AL,
5 BT 2 R A 7 1 2 L R BR8  A 22 0 BE T 4h
Ko 25 T BT ol 500 m i B IR IR T
39 AR AR B 3 R v 1 A Ol 2 A R I, TRT R R AR Y
e vk A T4 A o, VR W4 S R OR
0.25 1 0.75 S (i 4, el e KR B . w18 9 Al i,
TE i 22 B e ) 5 200 m 48 3~5 kAR
R ENVEC K Y (R, R B DR i S R, (R
R4 7 2 A T W ST R e 2 1) L PERE A BT 22
S, &R IE TR L K10 BoR T B UGAE
(14 B 2 58 45 52 AV 2 T, T LA A 25 85 K A 40 (A7
B2 AR SR U 2 58 2 s b B
BRI, 3> rbty g R /D AR A R 2E R/ IME
SCRIIN (), 55 303K 45 i 0 A5 400 Asf 2 T k15 A DT
B o 115 H bR S 0 A i 25 A T 4% I iR 25
LRGN 25 53

F VDR T ASTRE LT B 52 (0 RS B B4 31, %
B H2 WS AR A TR 2 WSOR B A A AN ] 1) s ik 3R 25
G, oh T T B M L B R 3Rk A6 B I R
P X A T 2k s hk 1R 25 R 2% 0 sk bk 1R 2% B R
B, J5E AT RS IR R R AR R 25 . R
H AR 5 5 23k 19~ SPRE 3l (1) 32 8 1% 40 2 70 A 3
TR E (FLAED) W H 2 2 254 .

Xt TR T 500 m A1 O, 72 17 P BE S BLEKR
B R AR . AR H AR E 5 BA S 803k 2),
527 FH T 8 A B 32 B SRy — YR IS i S R B AR
(A 15 BRI #%42), RMSE 24 40.0 m, 1M
KRR ST Ak AR G B e, T
AN B ) 4 3 Sy B 3k o A B {5 MR LG R Y LA
W kAR, e MERE I A2 TE, RMSE 4 21.6 m, A X}
THEENEME/NT 18.4 m,

X F WAL T 50 m B B, 5 o7 P BE B A
AT R E . RAE RS SRS S



3 WA VR ZE P IR AR A 2 4 T KR K I 67 R T 43 A 67

60
50
40 m
=
E
=
30 &
20
10
-15 =10 =5 0 5 10 15
X/km
a. RD=500 m, F
15 60
10 50
5
40 m
£ 3
g 0 =
N =y
30 1T
-5
20
-10
=15 10
—15 -10 =5 0 5 10 15
X/km

¢. RD=50 m, F &

15 60
10 50
5
40 m
£ =2
L 0 =
N =
30 &
-5
10 20
=15 10
—15 —10 =5 0 5 10 15
X/km
b. RD=500 m, 42

60

50
40
=
B Y
N =
30 N

20

10

—15 —10 -5 0 5 10 15
X/km

d. RD=50 m, &7

A8 HF A (50 KA UL
Fig. 8 Comparison of signal to noise ratio horizontal distribution in summer and winter
HARLT X=2 km, Z=2 km &b, 1 B = MIE 0 SEuli i 8 i B TE 7 T8 3R 0 DX ol B 2R 7R 5 3K B T BE 2 ol [ R0 S22 R
The target locates at X=2 km, Z=2 km, marked by black triangle; the base stations are marked by black square; the test sea area is marked by dashed line; the

active range of direct wave is marked by circular full line

800

600 -

FENLARZE/m
'S
S

:

T =
1 2 3 4 5
IEARUH

800
+ b
+
600} T
E
H
= 400 |
@
W
200
ol e S e N
1 2 3 4 5
EARIREL

K9 B2 (a) M4 2 (b) BT AR b Y £ i 22 4 2L 1] (RD=500 m)

Fig. 9 Box-plot of localization bias in iteration under summer (a) and winter (b) environment(RD=500 m)
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Table 1 Comparison of RMSE in different receiving depth under summer and winter environment

HIEIMGHER 2% BNk hER 22
HelsoiR F
RMSEHIX3H/m RMSE 243 /m RMSE/m RMSEHIX/3H/m RMSE 2 /m RMSE/m
RD=50m  HF 59.3 59.5 84.0 59.7 60.5 85.1
= 23.0 23.0 32.5 23.1 23.1 32.7
RD=500m  H% 27.9 28.0 39.6 28.2 28.4 40.0
= 14.9 14.7 20.9 153 153 21.6
RD=5400m X7 8.2 8.1 115 20.2 20.1 28.5
= 8.3 8.1 11.6 20.1 20.0 28.3
%2 BNREESHEIZELESHILE (HEE)
Table 2 Comparison of arrival parameters to each base station (the truth value)

R = SHA ST 2"l 3Ly ALy 5P L

RD=50 m HE ARAE LRI RB RB RB RB RB

F 3K} 4E/s 7.27 10.69 11.85 10.69 9.33

X7 ENNEE S SI) SD SD SD SD SD

F 3K} 4E/s 1.87 7.70 9.35 7.70 5.60

RD=500 m eSS AR RR RB RB RB RB

F 3K} 4E/s 1.88 10.53 11.70 10.53 9.17

X7 EN V52 Sl RR RR RR RR RR

F 3K} 4E/s 1.92 7.70 9.37 7.70 5.60

RD=5 400 m eSS AR RR RR RR RR RR

F 3K} 4E/s 3.99 8.58 10.00 8.58 6.85

X7 EN V52 Sl RR RR RR RR RR

F 3K} 4E/s 4.03 8.58 10.00 8.58 6.86
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Effects of seasonal environmental variation on surface acoustic localization
in the half convergence zone area of deep sea

Zhang Xu', LiZhisheng', QiuRengui?, Dong Nan'

(1. Unit 91550 of PLA, Dalian 116023, China; 2. Unit 91650 of PLA, Guangzhou 510320, China)

Abstract: To recognize the environmental effects on underwater acoustic localization in deep sea and improve the
measurement system performance against environmental variations, an simulation method for localization perform-
ance evaluation under different oceanographic conditions was presented, in which the sound filed calculation, error
propagation and crossing solution were integrated by modelling, and the effects of seasonal environmental vari-
ation on localization performance were discussed in the case of Western Pacific. According to simulation results,
when the receiving depth was near the surface, the sound channel showed different models in summer and winter,
such that the accuracy was worse in summer influnced by seasonal thermocline and better in winter influnced by
surface duct, the difference of root mean square error (RMSE) beyond 50 m; when the receiving depth was in the
upper ocean, the localization performance had an obviously seasonal change caused by the active range of direct
wave, and the accuracy was better in winter than that in summer, the difference of RMSE was 15-20 m; when the
receiving depth was near the bottom, the better accuracy was obtained using reliable acoustic path, and the localiza-
tion performance had little change with season. This work indicates that the seasonal environmental variation in-
duces differences in the sound channel as well as the arrival acoustic information, the error propagation and cross-
ing solution for the localization in the half convergence zone area of deep sea, then exert significant effects on local-

ization performance as the receiving depth in the upper ocean.

Key words: deep sea; seasonal variation; environmental effect; underwater acoustic localization; convergence zone
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