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A Tracking Filter with Motion Compensation in Local Navigation
Frame for Ship-borne 2D Surveillance Radar
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(Byung-Doo Kim and Ja-Sung Lee)

Abstract : This paper presents a tracking filter with ship’s motion compensation for a ship-borne radar tracking system. The ship’s
maneuver is described by displacement and rotational motions in the ship-centered east-north frame. The first order Taylor series
approximation of the measurement error covariance of the converted measurement is derived in the ship-centered east-north frame.
The ship’s maneuver is compensated by incorporating the measurement error covariance of the converted measurement and
displacement of the position state in the tracking filter. The simulation results via 500 Monte-Carlo runs show that the proposed
method follows the target successfully and provides consistent tracking performance during ship’s maneuvers while the conventional
tracking filter without ship motion compensation fails to track during such periods.

Keywords : tracking filter, ship motion compensation, ship-borne radar
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Fig. 1. Frame definition.
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Table 1. Simulation models for the ship and targets.

$ERY | £%[knots] 573 Hscan]
5745 190100,
3] :200-240
& a9zt

o
o

f
i

Mg
-

! 10~48

offt X,

e
)

T1

)
)
o

<]
o{;

4 24 -
30 ]

T3

o
B




Journal of Control, Automation, and Systems Engineering Vol

Talm]

I3 4.
Fig. 4.

¥ 5. 3 S=

Course [ deg. |

as&

NORTH[m ]

D5

2000

0

-2000

-4000

-6000

-5000

-10000

-12000

-14000

-16000
-15

L ﬁ/ wes Ship ||
I
T2
o T3
12 14 16 18 2 22 24 26 28 3
EAST[m] x10*

71 FEANA T ZH] 2
. Ship and targets motion in the reference frame.

[i 05 1
XRlm]

deoltt Hu AEAN EHe] 5.
Targets motion in the radar cartesian coordinate.

60

40

20

Speed [KTS |

50 100 150 200

n
250 300

. n L L
&0 100 150 200
Sample Number

HE2.

Fig. 5. Ship’s speed and course.

Position Errar
o
=]

- |
250 300

)
=1
=]

=)
5

50

n n
£0 100 150 200
Sample Number

a9 6. T19] 2] 4 24k
Fig. 6. Position estimate error of T1.

n
250 300

.13, No. 5,
¥ 7.
Fig. 7.

I 8.
Fig. 8.

%9,
Fig. 9.

May 2007 511
300 . . . , —
— TF-WEMC ! i
- TF-WOSMC 1 i
i i
H i
i i
i i
. P
o i i
2 ! i
8 ! ]
i
1
DD 5;3 1 60 1 .‘i':D 260 Zéﬂ 300
Sample Number
T2¢] 912 39 2
Position estimate error of T2.
300 : . . " —
= TF-WSMC i i
== TF-WOSMC . i
20 i H _
! i
R ' i
plsls ! i 4
i i
- A "
g i i H
i R H 1
s 10} | i [
2 it H Lk
2 1 1 1
= R H ! i 1] ~
100 iy, L ¢ dl
e . Y
50 q
UD S‘D 1 60 1 éD EDID Zéﬂ 300
Sample Number
T38| #A 4 24k
Position estimate error of T3.
. . - Y
i
!
; i
20 B
= 15 B
&
[ 4
1 it ]
i i
. i
°f i i
il ¥
GEI 5‘0 160 1 ’:I}D ZEID Zéﬂ 300

Sample Number

T19] &% F4 4}
Velocity estimate error of T1.
a0 .
— TE-WSMC i
-~ TF-WOSMC i
25 i 4
!
H
204 1 J
5 i
g i
5 15H i )
g :
wr 3
i\ H
A L i
10 |“ i
it !
£ :
. .
B it ey ]
Lt LAY
o . . ) . .
0 50 100 150 200 250 300

Sample Number

a3 10. 29 &= 34 23k

Fig.

10. Velocity estimate error of T2.



512

30

— TF-WSMC
== TF-WOSMC

25

Speed Error
&

o 0 i

,.
N
-
L

0

L L L L "
o] 50 100 150 200 250 300
Sample Number

a9 11. T39] &% 34 oAk

Fig. 11. Velocity estimate error of T3.

o) J =

m, 97 ZHOAE 1.0degd] EFHUANE ZIEE A8
Aot 8 FPHAMZRE AT YA sm, H2
L22H= 05deg el ELHAE ZEE AATIGow, Ao
A9 #oloke] FE X0 AbE x, yFo st 42 Im
9] wloJo]i~ SAE ZhH= Ao uHITh

FAHEE Y FAHA} FEARS 0.4m¥st o2 AABITEH

23 33 4 1AW S (East-North) FTANA 34 @
249 AT dolt Au fxANAN FH9] HAHE et
Wtk % 4olx BRo] ol A HAFAlelA e BH
ARLE A9 7153 ddEH &5 54L EIs|7L )
T HeS & F Utk

a7 5= 71tk 349 £xet ARE Jehd Aem
AL 271EE 10knotsE 0557} 90~100 270 7
A oF 48knots7A] 7HESHE 200-240 A0 Frol A A3t
% 300 =W7HA] o d6knotsS] £ EE 5 %3810}

39 682 3709] EH thE HA] FPAE RMSFES
Z2 vepd o= AHoz vepd TF WOSMCE 334 &
TEAS 1A B FHIUHE onl, o=
ERdl TF_ WSMCE £ =204 Aldkshs a4 2584 7]
He AMSSHE FHIHE ondich 4o HPEe ¢
o] T&o= o5 wE FARE FHHETE AFTIAL,
A9 7)ol AlZE o]F o= TF WosMCcell 28] Al3-=]
T FRTE A A3kEY, A3t FHHEE 349 7]
ol #AIgle] ditd 2SS AFIch

I% 9~112 3709 THe g £% FHY2E RMSHE

e eleltt SRS Asksiah A" F423+= 100
H L=Nd

dd 5

19961 ol AASE T 4.
1998'd & et AojAI5-E 8 AAL
20001 & ekl A AEE I} HAt
7. 2002 9€-2004 49 (F) MteQ
AYAT-9. 20043 5E~BA F=ZHA
AT dalmg s . usNadTe 4
T TAIRoks @it} A5, SN2, GNSS B,

HA - Xs3t - AIABZ

Y]

F=2X M18 &, M5 & 2007.5

J

-

o2 el Rod, YA Fgeate} niriAR gAe] 7
&3 AU d3lshe A%l TF WosMCe] #3435

2 A
A A B =Rl Adshe €4 SERAS 2= 5
HLE = 349 718l & 9TS 1] o M FAA

5S¢ AT,

I 6-110A] BEe] Fhol HILES T A, £F
4e A g 2HBEY 4T l
o9 270 A=), ol gAo] AT A, ol
e BEE BAL W97 WFo MEA OBk AA
% 2oly] wzolck

VL d&
B oe=Rolds S B gAE 2 dolne
Sie 34 $Euale 2 FUUET AL

4] FERAAE fste] FA] 715S A= Wse 2
2 A8es YA Wale} L o)FFoE Besly, A
2 AR ot HAZS SEN HBANA Aoz 3
& Hgkeks fAlA Esiglen, ol i 7 Uy
£ o|&3lo] AAlE FHIE Y o&AE FHToEN 1
ok SEN HIAZ @Ed gold A%k ex= 13
Taylor 2 2AR} 3t FAHA 24 H44E f%
3tar, Zgk IEj g o] 83t FHUE Al AL

5003]2] Monte Carlo 9|43 HAAZHE A+d 34 &
TEA S e FHIE) $Ae] 71E #Agle]
HgE 1 dPE FENTE AT st

)

Zne2s

[1] Z.Boyanand C. Qingyu, “A new method for electronic tracking
beam stabilization,” Proceedings of CIE International
Conference of Radar, pp. 507-510, 1996.

[2] B. L. Diamond, et al. The ARIES Program : Coordinates,
Transformations, Trajectories and Tracking, ESD-TR-75-255,
Lincoln Laboratory, MIT, 1975.

[31 K. V. Ramachandra, Kalman Filtering Techniques for Radar
Tracking, Marcel Dekker, Inc., New York, 2000.

4] S.S. Blackman and R. Popoli, Design and Analysis of Modern
Tracking Systems, Artech House, Norwood, MA, 1999.

[5] D. Lerro and Y. B. Shalom, “Tracking with debiased consistent
converted measurements versus EKE” [EEE Trans. on
Aerospace and Electronic Systems, vol. 29, no. 3, pp. 1015-1022,
July 1993,

ol Xt o

1975 g H7)eekat 9. 1981
1|5 University of Southern California tH
g9l ¥k} 19813d~19921 W= Rock-
well IntemationalA} A AT, 1992~
AR olFuigtu AAFEN
Aok Aojo|&, FHo|&, I

i 3

—{NA [



