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Target course estimation based on frequency g-warping transform
in shallow water
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Abstract: A course estimation method for the target with linear motion based on frequency S-warping trans-
form in shallow water is proposed using single stationary observer platform. In order to estimate the distance
characteristic, this method extracts the time delay which is proportional to the target range from the modal
coherence items using frequency S-warping transform. Then this method establishes the mathematical model
of the target course, the target bearing and the distance characteristic according to geometric relation, and
estimates the target course using the asymptotically unbiased least squares method. The numerical simulation
and the sea trial results show that, in a range-independent shallow water waveguide, this method can estimate
the course stably for the target with linear motion, and the average bearing rate in observation time is closely
related to the performance of this method.
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Table 1 The estimation performance of the

method with different observation error

Tt BRESRHE
RZEAME BARTHR
£/(°) EhrEE

eSO 1] /min SR/ ()
SCHR [5]) ASCOTEE - SCHR [B] ATk

0.1 0.05 5.8 4.5 1.05 0.31
0.5 0.05 10.2 5.2 4.56 0.68
1.0 0.05 13.6 6.1 8.88 1.23
2.0 0.05 14.9 6.5 17.09 2.63
0.3 0.01 7.8 4.6 2.43 0.39
0.3 0.05 7.8 4.8 2.43 0.43
0.3 0.20 7.8 9.3 2.43 1.04
0.3 0.50 7.8 16.0 2.43 2.62

N BB FEPT R AR A R J AR AN
FIURER B ANAS [F) H AR B 264 T AR R, Hoax
P E AT S HARBEAT 5] 18 B 2k 32 3 I 1) 07 5 2% 1
RIS o AR A AT 2 5 R 0 L 3R 22 25 Al %
WAE R s oA, TG TR E R HEZE 09 = 0.5°,
PR IR R A TR AR HETE 0y = 0.05, ZAFRIE
P EHIRECN 100 e 5E L6, 9 LI 18] 7 FE 9
T AL, H)

0. (K+1 Z\ekﬂ Onl,  (28)

o, T 29 SRATE I [5] [8] B o EKHE*TH}LWmﬁDT,
PR R 4 AL Ak v 35 AR R 22 i B 8 BT, T BA
F B, ARSI EAR BT SR [5] 7 U S [R) B
B2, LS TR T iRR ZE B /N AR H AR R 2%
PETF S SR 1] 3 (735 07 A AR 22 n ) 9 B, m]
LA 2, B H R A 60° Al 240° B AP A1, 24 H
Bt IR 43 60° B 240° I, 377 AL A4 ZR BN, Xf
JSLFIATL )35 7 AR ZE R 24 H bR P38 7 A AR 26
BRI, 0 B2 )38 77 MR AR ZE 8/ o 4 H bwfi )
9.60° B 240° I, B B AR# B 2 1) R 2 gk AT 18 31,
) R 00 s 1) P £ b 7 5 AN Bl I TR AR, H bR
177 00 A5 A2 0, 1 B AR A ) 4 531 7 2% B T A
€ H AL, T 75 R B A5 5 0 F0EE B R A JE AT
i, B, 7E-F 385 AR 0 B, ARSR 2L 852
UF IR R Al T e o JE I B oy BT R BUE B, B AR
5V T TR A - B U B TR P ST 2 O AR
WERFEYIM K. ANRYIEE BT, R 7km
Fi v i 2 D AR AR 2= A 1 10 i, WL st ) 9

B R R W 11 R & P85 A AR R A Bl
HTUE P 5 (1) 388 KT S T ek /N 5 P e 9 PR ) i o
5175 MR A% 22 W A6 0k B 2 PR 388 KT G2 T 38 K o AN TR
H AR S AF T, Rk I A o35 7 AR iR 2=
W1 12 B, SN e 1) A BR T35 0 AR A 2 ] 13
Fiw o P37 A0 A8 A 2 2 i A E A B (1) 386 KT i

360 =60
300 50
240 40 ©
/oﬂ ~
< B
Z 180 30 K
R
120 20 &
60 10
. g §
0 5 10 15 20
) /min
(a) 3THK[5]
360 =60
300 50
240 40 o
6\ ~
< i
Z 180 30 K
120 20 &
60 10
0 ' 0
0 5 10 15 20
5} 1H] /min
(b) A3T7i%:

K8 ANE HARAUR AT T B A T2 AR IR ZE
Fig. 8 The RMSE of course estimation with dif-

ferent target course

3.5

3.0

2.5

2.0

KR /(102 °5-1)

S
o

1.5

V7

1.0

A

0.5

0

0 60 120 180 240 300 360
foctia /(%)
B9 ANE H AR EAE T K207 AR R
Fig. 9 The average bearing rate with different

target course



55398 5 430

A AHBUR B-warping 22 # (15 H ARAL R AT 7% 509

B RO, PR T VR BRI il T3 T AR R ZE B A H AR
THRE (38 KRN o TR, AR A R 46 PR S Ak A
HUANE] H bR 2 264 N i ik 3 R E S
ST AR R A5 B, [FRE W] LAAS B, AR T )
A I Ak T 1 i 5 UL BT ) A () ST 38) 7 A6 AR Ak 6 %
TIARIG, 24 P35 07 A 84 28R, ] DASRAS LT 1)
TR R o e 2

20 =60
50
16
g 140
g 5
& 12 30 K
z ez
& =
~ 8 - 20 oy
10
4
0
10
I5f18] /min
(a) 3CiHR[5]
20 =60
50
16
o> B
5 12 0 %
SN 8 20 g
10
4
0
I]j‘llﬂ/mm
(b) A5k

K10 AFEAIEGERES 265 T Bl T 25 R IR
Fig. 10 The RMSE of course estimation with

different initial target range

TR /(10 -2 0.5 1)

5 10 15 20
WIS /km
K11 AFEYIGGEEE ST BT 75 LA A 3
Fig. 11 The average bearing rate with different

initial target range

20 =60
16 50
i w0E
212 Hd
& ol
= 30 &
il s B
A 20 &
4 10
0
0 5 10 15 20
1] /min
(a) SCHK[5]
=60
50
40 &
fD
gt !
= 30 &
i R
# 20 ¥
10
0
l]ﬂﬁ]/mln
(b) A7k

Bl12 A H BRI S T I i 5 AR R 2=
Fig. 12 The RMSE of course estimation with dif-

ferent target velocity

NOW ke O N

PRI /(102 0.5 1)

5 10 15 20
HEPE/ (mes )

BI13  ANIA) F AR AF R 3475 A2 e 5

Fig. 13 The average bearing rate with different

target velocity
4 SKEHAE

T — R S B B e AR ST R AT
ISR 53 HT. 2005 476 H, H E RSB s =0t 7R A
W A S R N S S AR S AT T —
WK B R 75 2 5008, A H bR o — /N B i
KV B A SR e 434, FE TR EEZ) 9 1.5 m.
SE2 G v DX S 3 T U P 14 s, e ZKIR FE N 27 me
KFESZ A 4000 Hz, WLMES 24 10 min. SE36TFE



510

2 A7F

2020 % 7 A

W, HARIE MRS ® B 26123, HARZahfim )l
142°, @B A HWIE 15 Fios .

H b5 J5 6L RE RIS, B-warping A8 Ji5 i 435
F 543 Sl tn B 16(a) A1 16(b) B, 02 4R E 5 1)
il 25 a0 B 16 (c) Fron, PR B REAE & 1P 2448 1h
WZENA3T%. HEsimAbttai Rk 16(d) B,

0

5,
g 10}
¥ 151

20

251

1490 1495 1500 1505 1510 1515
/(s 1)

14 SRR X S T
Fig. 14 The sound speed profile of the experiment

10

—90

8 —91
£ 6 -
£
= —93
=2 4
= —94

2 —95

0 —96

0 30 60 90 120 150 180

Jifii/ (%)
(a) HbsHHLIHE
5
O

4 b | — g B-warpingAs it
I
= 3
i
o
e}
=%

0

0 2 4 6 8 10

18] /min
(c) VEESHFHIE S, 4%

% /dB

T S I 4 AL R A R DL B, ARSIV R
A T L Im s S SRR TR), 5 05 LA TR AT 2 1Y)
SE— 2. STHR [5] ANAR ST 7 ¥ B SAUINE 18] 23 )
6.5 min 1 3.5 min.

1
T HR
o HprEahE
Or * O
E Q
I~ N
% N
]:T—'a] —1
=
=
=
_9t
-3
—1 0 1 2 3 4

K15 sciad e i HAR ST 6 1ia s 59
Fig. 15 The motion state of target and observer

platform for the experiment

10 3 o in
."-‘
2 6
E ¢
~ {
=
= 4
0.02 0.04 0.06 0.08 0.10 0.12
HY%E /s
(b) HitEk B-warping AR /& () 151
360
------- bR ALlE
3000 e ik (5]
- A7k
_ 240
<
& 180
jalg rtn e i
120}
60
0
0 2 4 6 8 10

Bf1] /min
(d) EbRtmflitahR

K16 SCIREUm A B H R Ah T2 2R

Fig. 16 The course estimation results for the experiment

5 ZEip

BT B — i L2 LI & B0 E RS AL 1] Al T e
WAL T A H AR AS TH A AT 2 H bR R iF

S)HE 2z 3, M H LA b T RSN Al A, Al
R BERUG o EtouF e a) B, ASCHR 1 — PR A5
B-warping A2 4 (1% ¥ H AR Ak oF 7 vk . %071
T S 8 UK B-warping A2 el i B B RFAE B, AR
5 JUT 2R 2, A B bR 75 67 A0 PR B R AE 26 H br



55398 5 430

i E5E: AU B-warping A4 1k HARAT IR G 17k

511

Pt 1] PR FH 9 3 70 Al e /s — 3T VRS H A ) 2
ATt BOE O R SE I A A B AE SRR, R

WP A b i

Wy AE T R B i 1

T8, 1% B R S B 2iEsh, X s
SN H AR AT LLEAT AT SE T ) Al e R, 207
A1 A Tk BE S R0 DN B T AT~ 28 05 2 A A R
YR BRI R RE R R T —
DI

BUs RO 2 ISR RN B AT R0 S B AR
NASCHIRFART TR L 75 51 10 S AR idi

(1]

[2

(3]

4

5

6

[7

(8]

& £ X #

Nguyen N H, Dogancay K. Improved pseudolinear Kalman
filter algorithms for bearings-only target tracking[J].
IEEE Transactions on Signal Processing, 2017, 65(23):
6119-6134.

Alexandri T, Diamant R. A reverse bearings only target
motion analysis for autonomous underwater vehicle navi-
gation[J]. IEEE Transactions on Mobile Computing, 2019,
18(3): 494-506.

Taek L S. Observability of target tracking with bearings-
only measurements[J]. IEEE Transactions on Aerospace
and Electronic Systems, 1996, 32(4): 1468-1472.

TKIGEH, DRI, LI ALTT 60 H BRI AL T[] R A
R, 2012, 31(6): 566—569.

Zhang Xiaoyong, Luo Laiyuan. Target course estimation
for single stationary bearing-only observation system[J].
Technical Acoustics, 2012, 31(6): 566—569.

IV, MIBRAR, A&, Bk BRL AT AL H AR A T A
W7 [3]. SRS FEH], 2015, 14(6): 106-109, 105.

Sun Shaojie, Yang Xiaodong, Zheng Lei. Target course
estimation algorithm and simulation for stationary single
bearing-only observer[J]. Navigation and Control, 2015,
14(6): 106-109, 105.

Wriid, MILE, £ 5. G 5E A sl 75 98 B bRt 477
E T [J). AR SR, 2017, 38(2): 320-327.

Chen Zhe, Dai Weiguo, Wang Yichuan. Target course es-
timation for fixed monostatic passive sonar system [J].
Chinese Journal of Scientific Instrument, 2017, 38(2):
320-327.

R, BRI, BOE, & ETHSAZRENHIREIZH
flith XA EMEE [J]. A5k, 2011, 36(3): 258-264.

Yu Yun, Hui Junying, Yin Jingwei, et al. Moving tar-
get parameter estimation and passive ranging based on
waveguide invariant theory[J]. Acta Acustica, 2011, 36(3):
258-264.

EROE, R WAL A A S AT [J].
SRR, 2012, 31(6): 559-565.

Wang Binghui, Yu Yun. Research on joint estimation

[9

(10]

(11]

(12]

(13]

14]

(18]

(16]

(17]

of waveguide invariant and heading angle[J]. Technical
Acoustics, 2012, 31(6): 559-565.

R, REE, XIME)E. AR SAREIATISE HLFER T
YRIFEIEE [J]. A E2553R, 2017, 42(6): 661-668.

Yu Yun, Yuan Yanyi, Liu Xionghou. Passive ranging
and velocity estimation using a moving hydrophone ar-
ray based on the waveguide invariant[J]. Acta Acustica,
2017, 42(6): 661-668.

BN, 5L, sk, 2. —FhETF B-warping ¥R F Y
50 P PR R B4V [J]. WELAAR, 2015, 64(7): 074301,

Qi Yubo, Zhou Shihong, Zhang Renhe, et al.

sive source ranging method using the waveguide-invariant-

A pas-

warping operator[J]. Acta Physica Sinica, 2015, 64(7):
074301.

AT, BR e, IRE . S5 IALK 22 5B B R A B
MG 7% (3], LA A2, 2012, 31(5): 372-378.

He Qinghai, Da Lianglong, Xu Guojun. A fusion algo-
rithm of distance characteristic feature based on dynam-
ically allocating weights[J]. Journal of Applied Acoustics,
2012, 31(5): 372-378.

R, M, R BT RS2 M PR B AR AR
WA [J). RLA %, 2013, 32(2): 100-108.

Da Lianglong, He Qinghai, Yang Jianshe. Research on ex-
traction of distance characteristic feature based on image
diffusion denoising method[J]. Journal of Applied Acous-
tics, 2013, 32(2): 100-108.

#E, W, SR, & RIS B-warping 48 # (1%
1B IE4 )5 67 B bR3E 3h 43 7 1% [J). 75 23R, 2019, 44(4):
513-522.

Dong Ge, Cao Zheng, Guo Lianghao, et al. A modi-
fied bearings-only target motion analysis method based on
frequency [-warping transform in shallow water[J]. Acta
Acustica, 2019, 44(4): 513-522.

MR, £, XEE. BEALRIRENHIL B-warping
A5 W Je v U % Eh 0 BE B S R [J). B 7R 2, 2018, 37(5):
597-606.

Guo Lianghao, Wang Dong, Liu Jianjun. Influence of
waveguide invariant error on [-warping transform and
range estimation results in shallow water[J]. Journal of
Applied Acoustics, 2018, 37(5): 597-606.

FA&, IR, XERE. RIF AR T 1 warping 24 58
W TCIRIMIEE J7% [J]. A 2E2E, 2019, 44(2): 145-154.
Wang Dong, Guo Lianghao, Liu Jianjun. Passive source
range estimation based on warping transform in shallow
water with a thermocline[J]. Acta Acustica, 2019, 44(2):
145-154.

TR, S0, B, S IR AENLAD LT BT T
PRERERS (J). RLF A%, 2017, 36(4): 289-297.

Xu Peng, Guo Lianghao, Yan Chao, et al. The asymp-
totically unbiased target tracking algorithm with non-
maneuverable observer[J]. Journal of Applied Acoustics,
2017, 36(4): 289-297.

Ho K C, Chan Y T. An asymptotically unbiased estima-
tor for bearings-only and Doppler-bearing target motion
analysis[J]. IEEE Transactions on Signal Processing, 2006,
54(3): 809-822.



	Abstract
	1利用频域-warping变换估计距离特 征量
	2目标航向估计方法
	2.1 渐近无偏最小二乘方法
	Fig 1

	2.2 航向判别方法
	Fig 2

	2.3 性能评价指标

	3仿真研究
	Fig 3
	Fig 4
	Fig 5
	Fig 6
	Fig 7
	Fig 8
	Fig 9
	Fig 10
	Fig 11
	Fig 12
	Fig 13


	4实验研究
	Fig 14
	Fig 15
	Fig 16


	5结论

