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Design of a Coordinate—Transformation Extended Robust Kalman Filter for
Incoming Ballistic Missile Tracking Systems
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Abstract - A Coordinate-Transformation Extended Robust Kalman Filter (CERKF) designed in the Krein space is
proposed, and then applied to a nonlinear incoming ballistic missile tracking system with parameter uncertainties. First,
the Extended Robust Kalman filter (ERKF) is proposed to handle the nonlinearity of measurement equation which occurs
whenever the polar coordinate system is transformed into the Cartesian coordinate system. Moreover, linearization error
inevitably occurs and deteriorates the tracking performance, which is considerably reduced by the proposed CERKEF.
Through the simulation results, we show that the proposed CERKF, which uses the measurement coordinate system, has
less RMS error than the previous ERKF which is designed in the Krein space using the Cartesian system. We also
verify that the robustness and the stability of the proposed filter are guaranteed in two radars: the phased array radar

and the scanning radar

Key Words : Nonlinear target tracking system, Robust Kalman Filter, Krein space.
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353 = 24522523_2125CZZSZ3—2126522623

Bs4 = SZZCZ3, B55 =2 CZQCZ:;, B56 =2 522523

BGI =2Zg CZ3, BSS= 24623"‘

2126523, BG{] = 823, B77 =1

cll = CZz CZg, c12 = Sch.Zg, C13 SZ3
oo S8 o G CuSy
A7 2/Czy ' 72 2,Czy ' TV 2
S2,5z Cz
C32=_‘ ;1 3 = 213 , C41 =_25322C23 —Rg CZQSZ:;
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C=26Cz3, Cy=CzCz; Cg5= S2;Cz3, Cs= Sz3,
_ 24822CZ3_2125022623‘-2126522523
Cs = 72
21 CZ3
. _ 24C22C23—32125522C23—2126C22523
Cn= 7 2 »
4 C23
_ Sz, e
C54 ZICZ:; ’CSS_ Z]CZ;;
2,C2,52z5 25523523 — 2¢,Cz3
= + s
Ca . P
Coy= 24522523 + 25C22523—26822623
62 z% 2
Con = 2,Cz3 2S5z, C2,Sz;
63 Z% 31 s o4 Zl
Sz,5z2 Cz
Ces= :1 3, Ces 213 ,Cn=
49 RBAE olgdtel FAAH FHYHNL o
N 2W EAWANS hew e WyHEn
R(x) =| 0;|= tan ~'(y';/x’)
4l Jtan N2 N x2+yh
[1 000000
=1010000 0|z 9
0010000 (26)
4. mojAE 2 A
B ERqAE 23elM A1%e 42 BRolAY FHA A
‘%‘°ﬂ ERKFS} CERKF, 212t Dels] faageold o
gAH0le F 7HA T/ el E Agsted Ay B
J4Pe Sk P2 SEvAY FEAzge B A
gty BEA4 4.8 EgEs uA8 A" (10022
EFEh 4 (109 WA F5E 4% 5,0 el
dsta "de F5E A, SHEAHe] B3
CEy=0 9 A% A2 BECAY FHA2E RYe o
+3 2 ZAEE Aoy 242 589
Xit] = Fx+E1,AKx+Gu+p,
vi = Hpxitvta; (ERKF ﬂ"r) @7
yi = Hizitv;+aq; (CERKF9 %3%)

RdEE T A @n9 AL BRUAd FHA 2
o} 4ElFzt 43 A& ERKF ¥ A¢+§ CERKFe| ztzh 2
43l ERKFolA Z2AuwA2A e M¥3z oxyt "E A
Aste] fle] @& #Asty CERKF7F 483 o3& 7
&7 ERKFET $58 4% Bddes e 4Fdo
ALY E A% 21L& Ze] o4l

cou;, u) = Q

~37(0.0,0,100,100, 100, 2x 10™%)

cov(v;, v)=R= diag{4.572%,0.05x (#/180)%/z,
0.05% (7/180)%): &= #lol



co(v;, v) = R'= diag{4.572%,1.5%, 1.5%): s} uj & g ol 1
L=2.9%10"%1, =6x10"5x 4, 4t=0.5,|4]<1, 0<<1

BHERZIA R 27 QAT EANL TEI Zo] FojRrt

x x— posttion 4.6x10°
210 y— posttion . 4.2x10°
x3 2z — position 3.1x10°
xl=| x—velcity |, x=|—1.7x10
X5 y— velocity —1.6x10*
Xg z— velocity —8.7x10°
xq atmosphic density. 5x10%

IIy=10%x diag( .5,1.5,1.5,0.015,0.015
0.00015, 10 Sexp(—~7.38 x107%))

Z ol dgLe 2009 Monte Carlo 24 EL $8 319
RMS 32 zgi=Z== velhdo 28 45 gdaddeldd
B3 4 d8E BodF3n 9lov CERKF7/I ERKF9 A
Pl o8 HaAPezMN F3 AFol ERKFRU %
e AHE gl a9 5% gAgolr el Ao 3l
A9 7 EZ A E vehdin glon adud ol
ge] A9 slastAz CERKF«] ERKFel| g A%4+4
3

Y oY

i

O 4 aufgaolrioll st ERKF2 CERKF2l HI@H S
FYHA H™ vl

(a) x&of st 9%, 4—.—5 ( b) y&oll et ®Ixl, &= (o) z&
of thst ?Ixl, &

Fig. 4 RMS estimation error trajectory comparison of ERKF
and CERKF for phased-array radar

(a) position, velocity in x direction (b) position, velocity in v
direction (c) position, velocity in z direction
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(c)

adE 5 gX| olto| di$t ERKF2} CERKFe HTHZF
HQA H&H d|@m .

(@) x=off tist x|, &5 ( ) y&ol thst 2I1xl, % (0 z&
of cist %,

Flg 5 RMS estlmatlon error trajectory comparison of ERKF
and CERKF for scanning radar

(a) position, velocity in x direction (b} position, velocity in y
direction (c) position, velocity in z direction
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