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ABSTRACT
We studied the nonlinear estimation problem of extended Kalman filter and

applied this method to LEO satellite system. Through this method the perfor-
mance of extended Kalman filter was analyzed. There were certain presumption
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taken; Jo and atmospheric drag were simply considered in the dynamic model
of LEO satellite and the system noise error of o, = 150m, o; = 10m/s was
presumed in the observation data. As results of this simulation, the overall state
estimation errors of extended Kalman filter were within the presumed error
range and also the ability of performance was maximized when the condition

was the state process noise ) has the 1/10 level of covariance matrix Py.
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A8A Y A LFA2EENA ARFAR S 5 ¥ A=A AT A4
A, G714 AERFL A4 FHA EokZ FolM LEO (Low Earth Orbit) ¢1/48¢] 3%
SR o 2L A% fA Hoket BAAR T A rFFI] 9950 B X boxo] ¢ EF 8t
= station- keeping—‘?—okﬂ- Atk A 8 ARARLE 2980 2 LFY 978 v
- AR Hol ZFAe Jg v|AA HEZ, LEO &3 A 7#HE5942 4 2%
o] g ) 7} %og &= dojEre] -84 2 =48 98 4 Aot (Larson and Wertz 1993).

AwdAe] FFolE A7 ahEe] EATh F, (1) AHEEE dolekd] F/ (2) A=
g ndIsr] 9% g F ( ) A2 EL Aelshr) A% gl Fol Ark of shed AW
A gl AAFAA LY A S8 FALTre] Azleh A WstEo] M B =
S AEFRE e T 4 Oi gdalA A T 240 NASA2 GSFC(Goddard Space
Flight Center)oll A € 7% GEM(Goddard Earth Model)Al2] 2} dytel] Z7h8 2@ S0] o
& & 8] i Boll FHAAY LS ZAd Y7 % HEe H T (4R 1993). v Al
8= GTDS(Goddard Tracking Data System), TDRS(Tracking Data Relay System) &)

7 GPS(Global Positioning System) 53 & A =dF Al A o] iste} g7 & 33 A
Al ZbA 8] gare]Fo] fts 3 Ak
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Project®] A =32 3} Aol & ¢iaf] A v AFA N FEFozH AE AAHUG o F 9
=2 8= 79 g8 32 Kalman-Schmidt @& 2}3 3t} (Grewal and Andrews 1993). 3] ti
Ag AFEE e gy gEe] &% 27 AHE JFAL4 S TR RE FFY FAHAY 37
o} e A o] Bofol 7Hg Wol HLH T Yk B =EAAEL wiAFA AEE 7 AT IH
o] M3z AH R o] 2 LEO 91480 & &) BozH &3 4t %‘34 Es A3
i, ol galgal 3ot AEEel U £ E‘%ﬂ%ﬁ W Shof| whebA ojw] 3 g FFe] vl x| =A]
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4 gon 27 ANE vle] AN & YA AR AL FakE A ESAED AT
& AlZhe] F e weld FA A =Sk AA A =7te] MRS FobekAL ofof whet Tayorw
F AN ol AT FARE FoEE B30l U A P ol A¥s AUEHSY
GH L 1o a2 AEE 73 AR dA s ol 33 A= 7 39 Azl o
# 23 Az A WFE AASA I L ojnf 33 A WFE 2V|AR s AR H
1-(a) #32). o] ¥y & Taylord<F Al slef Ay ste] 7HFo] 4 FAJ=S HA A=st 5
A Aezke] B FRE A fA A ol ek WY& $F A dEE o

daga  syyxy P

@ Hy, Ry, Hy Rk
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E X1 ()| 2 (B (=) | x(4)

2 Qi1 Q4 01 Qs

(2]

[ I l P (=) Pyi(4) Py(=)| Py(+)
LI fy Time Le-1 Time t

2918 7T 9Ee 498 3. (a) 8% 27 989 3 HA S (Brown and Hwang 1992),
(b) 38 % DE e o Z-+4 4 (Gelb et al. 1974).
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§ AolAl AL 4 gl nxbee AH I FES vehlA 4 Fael 09 4 3 (white
noise) 0.2 RAYATH 4 (4) A BE S NP & wed] FRAFEL Qrold o7l 2
37} 3 A 98] 450l 2% dFE viA Y o714 Ak — )2 Kronecker deltadt-&
ool gt 2= AlZh kol A o] ASci el i3 AR (e #EAE vepl e ¥ hE Al
kolAe] vAE AZudo A Fch o714 v e AlZ kA Y (A9 #E2AEE Yepdh
4 (5) ¢} (6)ollM BHE BE72E v © T ol 0 B EEE A= WFSes ndydd
o},

Bl u4d% A2d 2l 35 299 4] 49 (Grewal and Andrews 1993).

L) =

Al2g 7d e = flep-1,k— 1) +wey (1)

#HExny 2k = h(zk, k) + vk (2)

ANAREEY 3 E<w>=0 (3)
E< wkwiT >= A(k - l)Qk (4)

#E2nd e E<uy >=0 (5)
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AYRYe FARA 85 29 G5t 9 FANY F& weh BE FE 07k ws
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ol S0l Fitg Wold Aol sllatel, metd A= 4o AFES FIAE F90
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o TeF dzi 7t Taylor 53] 2213 o] FAI A THE i3] oA dz & A Hol
g (State Transition Matrix, STM) ®xoll ola] t}Sa 7o) FoHt).
bz ~ Qpdri_1 4+ wi— (9)

A7IA B HNRY O A2tk — Lol N8 FRHLAE Ty AlZH kR HoAAFE 988 T
o} o] 9he FF ko] Aol A FH AW FF w1 = Aol H T
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ZFR3 03 0z e 2] BHY = Atk od T Al FEFE w7t AT

bz ~ Hipbxy + vk (10)
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HEFR LA} 2 7] AP35 A BHE

% 2T gEe] sl TR oo B WY AL NN R A F-FEBAR 5
AHLH 1-(b)). kAIZ o] A 2] RE AFAE ZAZ A(9)] od] A5 73t FeH
FEANE AAFEA 2x(—)2 B o1 F 2k (+)F A A koA Dol BFAZNEH 2T AH Y
25 AFol o8] a7 ARFFE A B «16} B 2T gy 9] A F8X = 29 1-(b)ell
A RSk — LA Z A ARetd AAFFRA 25-1(+)F A (1) o8 26 ()2 ARAIG
ol FH LA} dzx-1(+)% 4 (9)°ll s 2ol 4451-‘5 Al dz ol T2 BEE AR Bosa
A (9)el ol FF oA ANE ] AFdEnt 52 T 2T FHY ASFAE ve =
Aol

Zk(—) f(Zp—1(+), k—1) (11)
Pe(—) Bp 1 P 1 (F)PF_ 1 + Qi1 (12)

olnf o FAxE Fall Al VA FF wp—1 9] FEN VY Q1 & AREES & F Sl AFF
A 2RE ol e FH A 6241 (+)9] FEA BEA Pe(~)9] traces 228 S A
HES 7 AT o5 ol fj2ch A3, o] Po] AHstd 1 Z 2AEL Ay
g = glod o] E THAFIE HA ST E AUA UYL Ky} 89 ofel of zho] Feojd o

il

Ki = Po(=) HY [HePy(=)HY + Ri |7 3)

(1
33 29 gre £3BAE (13)49] ZWANCEYE #5 FAVA HARH ST Yepy
HE £38e 23 EW A FEA G P(-)E HHNA ALE FEA U A(H)E TBE
of Zth okt £3 A9 A& Jeran

Ek(+) = k(=) + Kelze — 2) (14)
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Pe(+) = [ — KxHg]Pe(-) (15)

ﬁ:—ﬁ" AT gEE uAd R gAY 2712709 AHYE 209 o] A9 27] 3 23}
A PE AA A=A ;1"]'2" o2 MR OF, A(11)~(15)% A &AL E F
3 AFZANE FHAUT o] & O 27 AZ 7RSS R LS A7)0tk o

ot (13)oll M & &= A5l 3 Z—_}“} g9 A5 & %L wAE 825 Q9 R F
< TP R Bt Zlolth o] & 7hedl A2 Q] EAEX "é‘% #7174 o]
Aol A NEHAE Fato] A 7] fEoll B2 oY)

e oo > S
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3. LEO #1389 A =912

91/8¢] A2 292 ODP(Orbit Determination Process)& o] &= 8% A8 71-¢

b st EH, Al R ] B A A 8 HEHES AgAd|od & 9L vlAA =2

o o] Ao FH A2 LEO 9149 _1_@3‘-—] A& }E ]%‘: 7)10 ohvje}l &3 7T ¥

o = FTY S AE BE ZlonR g 3 ’S I BE (e 2712 7R o] Lol EE A

27 2d& 33U AlaY 2de 3A 48H 9 ‘311‘1":'@-4 A% #HEEAR Uy o] Aed,

HRado M= 91489 ATl wet 27 E}e FES FE AP syt a3 ).

LEO 91489 4% 1x9] 5474 90~100¢ 22 £71& 2 5z J,%e 283 59 233

7} 1000kme] 3ol ol A FEFE vld & U 7] vhde) % 4FRS 93 Y2 ek
m2kA LEO 91789 o3 34 42 o} o 2t

aLgo = C:me + ae(J2) + aq
= VU +ag (16)

971X appot LEO #1829 AB%EdoA 7133 Yol 3L, ac= LTS I T A 4+FY &3t
8} ag= 7 uhato) 23 HEa ey Us A7EY IS JeEldth 4] (16) M A-g4
Ust agoll t 3 Bol= 27] otef o 2t} (Escobal 1976).

, Gme Jg 322

ag = Bpo erp[-k(r - T'O)] IV - Vatm' (V - Vatm) (18)

A7NA r& AT FAZRE AAA ] Aol Gm. T Y4, BE ballistic Al4+& v
Btk T3 poE NEIE redll MY 7| EE JdER A kT 21 2d 9] scale factor 18]

Z VY VT Z7] 91489 S50 tizje] 34 55 et & AFdAME 4 (1)9 Al
25 2o 348 A M A7 FHoRRY AR A A& XY, 79 &5 A&
X,Y,Z 283 292353 J,9 ballistic A4 BE A9 33t}
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AA74A LEO #1789 A8 #5 2drked 718 wol 3253 A& 2ol AgelAN A &
AZABEE ST Aotk AN Al AFE A4 ERXETNA A HEF
FU FASAA T 228 FEAE F335e 989 AdE ¢ 5 WA HEZ AN FAFER
S} FAF T o] 2HH AR F AT AgHstge v Y FHAFANZRE 149

£ ¢ F A B BA $eidElel M= NASA2 GTDS s 22 networkA] &% o] ofyd 3
o FALNA 8 F3& &EFety LEO 21489 3¢ 3 $A e ZAE & & AIZke

0 Zofl 3t WA F3] B AZEdel 2= FAM R &7 27 WEj o 53
H9e wol7l AsiM s BEEE Y EFAT A HE & 733 29 9ot ded, ol 9
Aol A8 i axeE AT LZ AN BEAFBAZY HBAHD 2 33
7HR A ¥t A= E QM AR FHY BEAEA AT FAHLZNEHY BEFE
ET Ao S2¢s AT

r

an T Q

s vl

r ol >

o o v off 43 Yk
{ He

4. 2] A%

2o AP AHEE Jstrde] BT pot, 4.361 x 10714 (kg/m?), ki 5.381 x
10714 (m~1), Gm. = 3.986008 x 10'* (m?/s?) 28] Z r. = 6378137(m) & AL&3lgl o, A
B A E S 27X B29 #3 o]ES LEO $14 9 AAAEE A Ast=dl A-&3td ).

E 2. 2o Agol AHSd B o] 27 xo.

e E Z713] e E Z714
X -5716416.71(m) Y -365.8(m/s)
Y 3011558.81(m) Z -6640.1(m/s)
Z -3086050.40(m) J2 1.08x10~3
X -3392.0(m/s) B 0.01

A7 Z7NA zo o th3F FEAEH Py o Z A8 WAz A8 E XY, Zo W
3 Fate] 1000m 18] 2 £EAE XY, Zo) ol 8 EAbe| 100m/s, Jo9 BE ZHzh 5 x 10-°3}
1073 m?/kgo2 7138ttt E3 Lol A o] AMEE B9 A AejAg g A 2
27} o = 150m3% o7 = 10 m/so] 5 =5 Monte Carlo®¥ ol 2Js] BZ9 327 AU == 3}
%1t} (Raol and Sinha 1985). wletd F2pdo] ALLE ST RY A A EE ol o 2
o] e 4 T

R={c?0?} = {150% 10?%} (19)

AR 271 208¢ AN #3270 H o] FEFEF FUAYRE Q9 4AF TR
9] gol W I AlASAE ABT] A A QY £EL Wl WA R
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(a) range residual{meter) (b) velocity residual(meter/sec)
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(a) J2 estimation error (b) B estimation error(x1000)
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e FPFYE e E SFAE vy B3 vE Q =0, v01¥ Q = Po/10, vo.o1 T
Q = Py/100 Z& 3 y5.001 = Q = Py/10008 Z+zF 713 8te] A 88t && vebd .

S 2 2 gy £¥5YHe A 1Y 29 A¥Ane Zo] v 04 A F
FHAE R Fod AA BSFZE 208 Fdol 20me] AAPANM FHAEAE FR| 3 B
15 Foll & & mm7HA] FR2A7 o=y 2S¢ F A o2 FF oAt ¥4
HAEA oA A9 F o2 THEY T HASALAFE o = 150 mede S £ 73 5L
RojFEch o] A= Bierman and Thornton (1975)¢] Al 28 3 Q71 27] Ae] ZEAM
Y P /1075 7H3 8 & ge o] H%50] $F3lths HEet Y3k Aot} (Bierman
and Thornton 1975). 709 739+ Sorenson (1970)e &3] Fg B vl7t Y= 29 el AR
A HAAGE B FE 2 AR B AEe] A B A GE 49 2d & 78
o el FgkEel 2 AFAAE vl st wpebA 2T AlQle]l A9 0o 7irhglok Foh o] @A L
AR o] U FolA W AR BHEFA I} A F ol oW ¥ x| FEx AF 27 A
B FEAtE el FAER ZTA A Bk vo.01 9 Yo.0m BFE ool W FRAEEN
e ="e & & Utk oA A IS QO FTAY Rdde ohet A9 FyFHe| 7

flo A e
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A WS HS & AW 2 FH). IW 3 FUAS L9 BY F3AAE Y 9
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