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Study on Bearing and Frequency Target Motion Analysis for Passive
Line Armray SONAR Using Accumulative Batch Estimation
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Abstract: Bearing and frequency measurements of TMA (Target Motion Analysis) in passive line array SONAR have lower
bearing rate and frequency doppler, and are not detected or tracked continuously because of various ocean environments. This is
a main reason to effect the TMA performance and it takes a long time to get TMA solutions. We propose the bearing and
frequency TMA(BFTMA) using accumulative batch estimation to solve the TMA problem of line array passive SONAR. The

accumulative batch estimation structure is

based on MLE (Maximum Likelihood Estimation) but used accumulative

measurements. The accumulative batch estimation is applied for the BFTMA with nonlinear Kalman filter to estimate the target
range, speed and course. Simulation and sea data analysis were carried out to verify the performance and applicability of the

proposed techniques.
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Fig. 1. Bearing and frequency target motion analysis system.
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Fig. 4. Target bearing measurement(simulation 1).
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Fig. 5. Target frequency measurement(simulation 1).
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Fig. 6. Range estimate error(simulation 1).
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Fig. 7. Speed estimate error(simulation 1).
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Fig. 8. Course estimate error(simulation 1).
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Fig. 9. Target bearing measurement(simulation 2).
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Fig. 10. Target frequency measurement(simulation 2).
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Fig. 11. Range estimate error(simulation 2).
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Fig. 12. Speed estimate error(simulation 2).
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Fig. 13. Course estimate error(simulation 2).

A, &9, A2 F4 o3 JYeA XS T dF
A 2 =354 720 BFIMA Zifolw, HAL 3
TS o]8% BFTMA Z23E 71Xtk 712 A4
W7y A, &9, A2 3g2aE vlsid, 7 A
71& 4234 BFIMAS] A£QAZHE oujdit) w3 o
2 &334 BFIMA Z¥3= 7|& 93534 BFIMA
12F the] Agls 228 2% dAA 3gext Y Y
ZJ3IH oL o] F oF g0z F]F FE-AE Hlojytir}
8 40 XA & 0AF e oA X&EH R FAH
&8y A2e 47 178 2%, 138 3632 GAA 3
22} M9 el 248t 8.8k M oA A&H 0
FHES & F Jdoh 7 QEFENE olg%t
BFTMA®] 7% A, &8, M= 44 71& 9EFH
BFTMA ZAQAIZF the] 165 48%, 178 40% 178 26% &
AA] S8t e oA AEH o RSN, IRE
o]F oF 4% B 38 AE Hlojuthyl 6% 423 SHAA
g2t M9 WA A&Hor stk 73 d&EF
A R =254 29 BFIMASH 73 dZ34uke o)&
3t BFTIMAE Wlwshd £, 329 A9 A9 At F
A HAes Hon, A 74 ¢EFA 9 =25 7=
o] BFTMAZ} ©l w2 33 e 24 AsS BYs
& g Ak ol FTFH ILFAHTE o]83 BFTMAS] 7
T =27 A", AE, £8 4 AA25H dA AE 4
Ao 4EeA Het o] A £, HAE FH 2
27} A E] A Al 4 ks fidsty] wEo|th
o2 I 28} o] BAHL 27 W9 1355, 7] A
RkmollA & 2705, 48 5=ER 7|53y, Age A=
9004 7HH £¥o g Y)Fshe AU E TSI
42 AU 13 rRIZIAR 190HzY] F394 AsE
WALSHAA el I =/&E o7 7]EstEsE ARSIt
a7 99} 102 AlEFECIA AlvEle 119 RO AAAls
of sl 4AsAeE)r] 9 FAFHV|E Bl EA/FHI &
2] 9 FRAFuroln, 9 11138 FF 933
BFIMAS] Az, &8, =2 FHZAdo|d. 3 IdL5H
9 Ex54 T2 BFTMA Al glolA, Ages 71&
BFTMA QA7 thH] 168 2% AA 3893 W U
ol A&HoZ FHEUTE &L 7|E BFIMA 484
b tiH] 243 18% AA S18-AF Lo MUt ot
oF 3% B¢ S8 AE Hojutyl 17/ 28% A4 &&
a9 el A&LHom FAHYH I2E V&
BFTMA £QAIZF tin] 208 4z AA 3gext 9o
Z1903te] 8 203 A4 FE2AF WY YollA A&HHo
2 FHEs & F vk 74 dE5FHE 0|83 BFTMA

fo

i
ot

fodb 32 3 2 b fo o e
o o
> o

2

2. AEHCIA AT LI

Table 2. Simulation scenario II.

A3 ®A
2 Z[deg] 90 270
42 [ks] HE7 5 5
2719 [deg] 135
Z71A 8] [km] R
®A T30 Hy] 190




794

A= 71E
45 28%, 244 20%, 20%-
skl Agle AL F3H
Z, 6% 503 MM A&
13 v E AR 33
A BFTMA7} 4
A7 9 =7 ol Ao]

BFIMA 4A82A7F thh] Ad, &9, 32 72
A 5 geat el vl A

%8 9 Y= 77 178 36

A8
hal
H
=]

R
o v} %]

VL sli&tlolg X gq
Z g¥=H BFTMA 43820 sty 4%
A

|25l A 853 sf o] i% ol g3t &

2
=
=

=
N e
o P

Koz
Au)
off
tlo
ot
o
ol
bate
i)

o> H
=
O
)

2

rr
i
{o
bl
k)
>
fol
i
1)
o=
>,
)
rr
o
Frequency(Hz)

2 &R)/FA 5k EXWEH*U] Aol el w4
9 FAFOE ARE *gﬂo]-‘}ilﬂr o|&EA T
9 FAFHE SBAE T
o Agstd s %@'ﬁ}%ﬂ}.

duElE sy 2L
3 2o 2 AT ST
33} o] =9 W9l 2355, %7] A Rkm
dA HA=Z 0%, &8 s5ER 7|53, A A= 1805
ol 7hH £¥og Y|Fshe Aug ot FANERE
o] ATl 190Hz2] FI 2EE 5o S| A v
ArstaA Azl A=/&Eor rof FA 3ol 7Fah

X 39 AU tisl AR T2 AT 37004 23]
o A HolHE g5313ar, & sidulolEel thal 4
d&+4 BFIMA 2345 EA3t9ch

:LB] 149} 15= «] H];;(H OHN'EHOIFJQI X -lHo]-_A UJ D:;H
Fa Z2Ax0m, 19 16~18 %24 d&3+4 BFTMAY]
Ag, &8, A& FHAHo|th 7 dEFH D EAFH
BFTMATE 7]& BFTMA A8AIZF tiv] Ale 98 38%, &
B2 9B 8% HEE 7E 41% YAA 3Lz} M o

AEE Auelest FY
olEl 8 913 Atees =

FAS 27

A A&H o zﬂ:q ok 28 149] AR SHA| A
% glxel Fi ) H}OM_E 6H 53] o] 7|

= T
05‘— 4%, £ 9B 51% A= 7R
o3 el el A& oz A,

E 3. adEelE Ay L.

Table 3. Sea data scenario.

A3 ®A
2 Z[deg] 180 0
<] [kts] HET|E 5
2719 [deg] 235
%7172 [km] R
®A] T30 Hy] 190

o

re
1>

Bearirg(deg)
8
S

Time(second)

. A9 2| @A 0 E 1),

. Target bearing measurement(sea data 1).

1ime(second)

715, AT SR (B O E 1).
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Table 5. Results of accumulative batch estimation.
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