T8 L 30 13 1
Orbit Determination for

Maneuvering Satellite

#
||
_I:Fr
i

National Defense Industry Press



AHFERAFREIAERELS T ER

T2 HL3h ¥ iE €

Orbit Determination for Maneuvering Satellite

5% ¥

IR SN
b -



B H /R4 B (CIP) #i#E

TEVHERE / FEEE. —Jta BTk
Hi R4t ,2013. 6
ISBN 978 -7 — 118 - 08642 -3

[.O1... I. ®%... . ONzIDE - TEHE
V. QVv412.4

o R A P 1 CIP $dfii% 7 (2013 ) 55 087130 %5

@ 5o A oz oo HKEA
(b ERER EITBRME 23 5 HEEL4RAS 100048)
LR EER AR EARAH
FriEpIEAaE
FATI0x1000 1/16  EPH 1335  =PH240 FF
2013 4E 6 H4 1 B4 1 WREDRI  EP%L1—4000 }F  ZE4Y 56.00 JT

(FBMANEER, RLAFER)

= B )% : (010) 88540777 KATHRW - (010)88540776
RATEE : (010)88540755 KA7Ik % : (010)88540717



St R AR

REFZWBEDAHABBHBHRIRATIHD



B & #

&4 i E B R E B ARE & 3B AR

(] 5 ) 5 PR A e R A R E B R o i — AN T W, 55 B [ B R
T P 45 B R [ B BB R B9 — 3B 43, SUR E B A BOK R B B AR . A T {2
E [ B A B A AR e A R i L Y R R, s A 2 32 U J5R ST BH AR A S
BEEFRUFREAA, R ER AT B8 H R, REM TET
1988 AR P e B4R T 3k, B E B AL B B iR, L PR R R =,
KTV E R E BT RS E

ERFZEE HRES FBRXNRE:

1. 7EEBRHEBAR G, FARK &, WAEA QUL , 2R bR
B EERIRL A EIE B E TREAREIS T WA RN AR E L&,

2. FARBEFH, NEEE SR, EP A RS RS R RAEARK
HESNERI L E  BUES B A MRS R E AT ERORFIEAN
AHEE,

3. AEEARERFMAEXITRERNE, BUI46 E AR5
HIARAF RN LZE FHRNERNLE,

4. b AT ERHOURE BT B A T30 AT R B9 55 R AL &
BHERH A

B B R A 5 AR S H & R 2 7E SR SO PP R IE, fAsiE
172 H R O (38 I 7 10 , PR 52 2 Y 1B 5 08 A, DR O B ) T 45 3R R BE B <
W, AR g B B B 35 . VPR 4 T REBIAGIE 43, b B 2 B Tl
H RBAL 31032 H R

B Rk Fl B e UG T AR B A RRE . B R 5 AR T I A 54
PiX et , R R ME BB RN B . R EFTE ST, IRE BT
ZREROLH RS, KR R A, R —TRA T B a2,

Forh {2 fof [ B B0 ] 45 ) H R B 8 9 - 2l ) R S R
y



VL AR R — BT AR S Y, SR AR AR A — Tk . R, PR AR
T BRI A S S5 R i s, Sk, A BB A PRV B R B
KERKAE, TFH TAEEREZEP AR AR SRR KRB TS %
KB, U B2 TN A PR 3

EFRATHEREToR, oA Bk BB 6 RSR[5} !

ER R EE HWES
WHERE



H
* A

S B R B
o

EFEZESHRES
FRNETHEREZERRABAR

B OE %
ER RFEH K 4 B
K
B K MEE K ¥4
R THA AME Lo Ll
)

e
P
3
El
Py

HXE Hied FRE SRzt
NEL NEF FTE T4
FRE B M HEH EAAL
ZEE FHF KER KRR
HREE RA—F RFLE KRR
ERA #ad MER kK



Eg

TEYLBBE B E 15 AR (5 B A 3245 TR 2 3h 25, 7 i e €
ALART A T T2 32 s s R IR B 5 I H A S e B, RIE4FRTE
3 15 S U T B — A

TENSPUERE S5 T R3S B HEH < AR, TEIEVLsHUE
WEEHE AL, bR TR R R 1555 T RARGEWA KHZ IEBIF IR 25,
RYGLBh SR MRS B B E AR R T X T AL 3h BLaE A E 1), 1R R
RGeah SRR N E Y 7 R SRR B L Pt B B ek gt — AR Y IR
11T LA 7 gk S ) B e v T A SR B F iR 2 B, WIS B EH R
BT EHLshd 2 P R sh SRR 22 Rk, RS BUE# € R R ik 5
e TLE K BB I E MBI T A AR Z AL

D EYLShPEE A B _E L3 B ARERER R, & THL3h B irBRER AR |
Bk LA XA RIS , Wi e TR ML S BB o E (R AR it TIR4F i 2R S % (H
7, TELSA HRIRIE S, M8 — AR o Ty R, = TRV S HUE
SE [ 3E FH EE AN , NBERUCA A AR R T R o

ABELGHEZAE TR YL Sh BUE # E [FIRE, LA KA 3 71 24 R S50l
T RSB BAR KIS RN A R, $3PLEh TREFSH MR A, THE T T
EHLEhPUE#E R % AR CEIEER . e R B R A s TR R, 5%
KRIRT TR, FEMB R BN TEhr TR @ s o sl
HdBRKSFLE, AAESRINSH MM AMME, BRI T 2 MU & 1805 i
R, BA QB EARSE, X DERER W& SNEFRHRMEREA —EN

FARME,
% “)( ;

2011 £ 9 A FAXE
X



{1/

TEAEEPEE R — 1 T2 ) 2 A, A K I B 4 ) s A
LRt X BARNEE — L K2 W 907 S AR R, A BUR X S
KRG IR — ekt

7 10 4F AT, A ST AR S A B R TAEE Dy TRAE SR E ) —kit
B0 SR LB PR AR, — DU AT LAE WIAR S A R R TR s — PR o R kA
DAELESLEE A b QU M A . Bk, A F B RIie B 2406 % TR .0
Tif 10 48 iR A Shid MR B A&k B RERER X RURBE . HE 2011 4
9 AR LR IR , R SO AT, HHERE B R E SO SR R
H 4, AR ARAS SR ABOR 3 R 35 AR H R <5 R ) I 705 PR 43 o o <6 % By
HAR

TEALBPE B R AU T2 I8 o SUBAT 5T 9 — /N 32, EBEE R
2 35 ) T B PP R B ARG S RV, R AR 53 1 8 S Ul S5 004k E
SAMRSUED FM RIS RN BRI 2. th T S WM 8 shHLE A, P
I, A Al GEE S T TR, B B9 R R A BT 50 TR 5, AR AR
T TR R, R # AL 7 20 M TR A R i R, BT A T RE
A8 N T AR NG SR BT 5 ¥k o

et 8 &R 1 EA A 2 R LREH SN E RS, HENME 5K Hi
VTR IR BEAH DG P A Bof [E) 125 [B] AR 4 5 5F 3 8 TL R L i S A, L B8 T A2 Uil
FABETHE R TRME IE A/ — 3625 75 & B AR Stk 3 2 Ah R 56 4 =23)
T RTS8, MR AR 59 £ BE RUR T s M B A R T i 72
UK B TR 3h 122 RGN IT 56 5 BT EBUENLSEshah 1A AL, A
AN S AR R G AL o3 SRR RO RT3 56 6 SERIIRBLETE , /4 LF
Pk BB E BT ik 26 7 RS BB BREE 5L I , S G et T
VESBrd) St W AL B Bl BRER B R R 5 3% 5 56 8 F3h 1 # ML B BlaE
R , ST AP HE S Al TR Bh Sy AR B AMEEBOR RO ik

o BABRENPHTBE T A C L L BT AE FIRLIE A BRI — R 2% ikl
&S A BSE RV B TS A i AE G AR SR A TR T I SR 51, TR of 7 BB O L
BRES U SATE R AR R SR A — AR NE

XI



ABEESREP, R EIBH R LB L UL BT A8 T Wb+
TP 223058 R PR IR B 4 T RS 2 AR I8 R, RIS 85 TA AR
(LT BRI SR, JR A HIBRBRZE R L K% [R) S5 i ALY Bl , e 3 2 1 5 T BA Ay
L FNPIST BA P 1 5 45 3 B B A B AR 22 AR 35 A R 4 A [ Bl ) 5 PR
HH R | A e A B A A 1 G 22 T 42 O T B ) 24 I K SR
W= G R B B, 7R — I R i

HTABABZHBAEA LA, HSIARSRL, RATERBL#
B XA AT T B R, AT THR R BE T & xR A Bl , BF
BEEMITIEIE,

ESCE S
2012 £ 10 A TR %



1.1
1.2
(B2
1.4

$2E

2.1

2.2

2:3

2.4

BEESR  oeenee 1
PRI IR  <xeveene doees dainn dine et iR b ok o monns 5a 1
PEBBBEHGEPER oo ereornrrnansrosssronairssscsiosieisionssabossvasossasasss 1
BIEEIBRIRIEL <ososonnnavuns vaswes soswss souvs siuosonuns shunes svanes sosssavunans )
AR EBEREFGERY oo 4
TEIEFNERZZRSGE --ooovvorerrrre 5
HUBERIB B ovverrereerrermmm 5
2.1.1 HIR B AR ASIE B o evvrererrernrenei e 5
2.1.2 IR Gk A i BB B e vererrererer e 6
2.1.3 B A RI T FPIEF coveerrrerreerirtnii 8
B[] R GG v vevnrrrmenenme e 13
2.2.1 B EFTF B corerrerrerrrrri 13
2.2.2 FRMAFFREE R cooreerrrmrrrreareerin. 14
2.2.3 BoEFI BB E cceeeereereereitnitiiii 17
2.2.4 KPARFARIE B R ceoverereorrremnetiti 18
2.2.5 B REEIB e 29
2.2.6 JRTFEFFRHT B RE ceeveeeeeerriii )
2.2.7 BRI ALAITE L B covvererecnrnrnomnnieiiiiii, 23
ZS (A ABBR TR verreversserensemnsrunenininissnissssasssssnasssssssassassonsense 24
2.3.1 MBS HEARA cecerereretettiti e 24
2.3.2 ML AARR ceeeeeerecereretetiii s 31
2.3.3 T EJFTSHARFR reoverrerrriiiiii 34
2.3.4 TEAIRBARZE corereeererermmniiiiiinii . 36
BEAB AN EEA v ov e e 41
2.4.1 FFEFHHIE coveeeerrereeee e 41
2.4.2 MEMIEFFEZTAD oerrerrrrrrie 44



2.4.3 REEFIPEPETF LI FAZ  cooverrrerremnrreninnnni 44

MW TRBIERIL - vssmmvssmnsiinss onssssnmmmonssscrmss senss sons 47
3.1 TN BB s coninsvossswomn fsbns dunnnsnsanasuons sonps drnas soasssars 50
3.2 ARAEFEILLBPEAL - cevrerreresormntmiiiiiiiiiinieiiiiennenses 51
3.3 BOGIRAEBEREAS PR vvveeerreresarseosisionitirniiiniisninnans 51
T8, TR B AR R RE Al - 5ot oo s hinor i i i 0 o i i i 53

3.4.1 BEAEALD R roceorernrsscorostainritaniionentnsrsioonsrasasnesaosasioes 53
3.4.2 ABTEIGHLTIBL ovvverrrrnrrniiiiii 54
3.4.3 FLBBGELGE orererrrererresiiiiii e 54
3.4.4 BAH E G GE ceveccerereeteritiiiiiiiiiiiiiiiisitiisitieiseseaes 54
3.4.5 E AR TRAGE ceeeecectcsiitetitititecttntionossaisittsasistntocnes 55
3.5 FEAMBEIE S T R e 57
R T 7 L T RN, W e P S TR . 59
3.6.1 MEFTIESL covensicosncnnmomsmnsnsnsnsssnssvansmmsnonamsssases 60
3.6.2 ABEFRMSFEAL orvoverrrrrrmrsiiii 60
3.6.3 BEFEFFALHPM rovveeerrermerimniiiiii 61
3.7 bu*ﬂﬁ/‘[\:ﬂ’gﬁg ............................................................... 62

BAE FWHAFRGETIBIBEHIE --oooeereereererrrereresessnsnninnnnnann, 71
Gl BEIYAE UG s on o snsnvn mesis vnsamiomsss snsgmanms RGeS a8 HA RS 6 Rnpo AN 71
4.7 MBI B B IREY - e romconsts cevnssess saye svevsesSome e speeS 74
4.3 P IRERIREPEP v 75

4.3.1 FREEERILEQGEIE oovvereeerrrrnri 77
4.3.2 FREBREEBCH TR coovrererrerrrrnmrnnn. 80
4.3.3 ABAIEEFIRBEFE  coererrrreriii 81
4.3.4 FERAEEE coeeeeeeee 82
.4 SRR BB RENE i assesniniined ibssninnsis binns s Wb adolisnsn snsians 83
4.4.1 MMTE BH[EAoF EEFR coveererrrninniiiii 84
4.4,% MEPGEBAR TR iieviniiiveisriindviboreibodioosas sonvnsessans 88
4.4.3 EFRATHREERBRE  oooevborocionniioinnnnssadonionaasses 93
4.5 FEREGETATPE oooeerer e 99

F5E IDEYEWNINEIHENAFER 101

5.1 HULDFRIKRB[ ST covveevmrmmmmmmiiii 102

v



£6

g7

5:2

5:3

=
=
6.1
6.2

6.3

6.4

Tl

SRSl IR 7 vones ssholrristinsh ol simninops vessis vadessieromasen 102

5.2.1 HuIRAEFRTGAE B -ovvvvrreremrmmrmmnreiniirii 102
5.2.2 SARZ] AEE B eererereerecerenrertiitiiiiiitiiiiiitrieisatraennas 110
5.2.3 K TBEIEIE S ocorerercoranrsrurostorasttiotissstsnnrisissastorassnces 111
5.2.4 B FHFAAIEFh ororerererrniosirresusussniossssonedaosshsionsessiee 111
BB SRR T BT - -ovn s dn o sip b dimsirwes on b sbionnaes 113
5.3.1 ML ARAE AR FAEA ceevrriiiii 113
5.3.2 BB A Arik FAEA oo 113
5.3.3 HLB AR B I BAREA coereriii 115
5.3.4 HEALFE LI q-BAEA oo 116
5.3.5 HUBHDIR A AR B FG) cevceeceerersnsiatiiiiii 118
FNTERENIETRTE -ovvvrerrrrrererererir i 121
PBEYIMZIRKILEGE L o 121
FEB RIS 2 TR < 3 4o Ftunnsta nsn shaso i don snnna cdesbinssans 123
6.2.1 FAGARABBER cocoreretmreitiiiiiiiiituiiiieiirsiinsestooasiarassces 124
6.2.2 BAGEILIBER cceereriiaatiiiiiiiiiintiiiitiiiiraiassiosiadesioneas 125
6.2.3 LM ABEFE  cevereerrreriritiiii 126
6.2.4 KA IBAE R ccorerrecieisettirtiiiiiiiiatiiitiittiiiitasiirasansns 126
6.2.5 A RGBT SRR vesionbeiisvmads dochiadois vanssvinransions s 128
6.2.6 DI BIABIE orvrevrenrrormirniiiiiiiiiiii 129
6.2.7 HiEtFEI T BEAITAZ coovervrrrerni 130
VBN EREY B RIREYES oo, 131
6.3.1 BAGIKAF AL cereerrencecsrsttiitaietsieiiiiiiiotettiitsnsasnsnsenes 131
6.3.2 BAGEILR AL eorererosssstntaterntotoiostintissinssotniaonsnsnosans 132
6.3.3 FAPM BB TRIRRA I E revrerrrrrnii, 133
PIHERUERE Laplace FTEE  <+e5esseseossaisinsuvibitnsitduvsbhostsnsds 134
6.4.1 HuE M FrF AR cerercecescstorascecuotstutacoccstarasssesssserassnsons 135
6.4.2 GPS MBI F AL revreeverorasestasustsssisonstsonssssnssssssasrnnns 138
6.4.3 B FAEBADZTIE oereeerrrrrniii 140
DEWNZHERIEESHPEBIEEM «ooovvreii 142
WOEPIEIIEF 1B IMIRUL —rsrenumrommormums vucvnuovsrnessssssnnnnsnnin o 142
7.1.1 BB HLahdf AR PRI cevernrenrririiiiiiii 143



7.1.2 BAF AL ETEFOEELIRAWE S cooerereeerarennnneenns 146

7.1.3 BAFEOLRBEBMNPE LAFAGE T coovverrrerenrannnnnn 149

T.1.4 FEF]  eveveecrceceniiriiiiiiiiititsieisisereeseesinsnanasans 151

q.2 $ﬂﬁﬂ@ﬂﬁﬂﬂﬁf§%¥lﬂ ................................................ 153
7.2.1 i BRI A FREA o nr e 154

7.2.2 i EHIRGEIE HE e 155

7.2.3 AR A IR F AL corerectectnetettirtstntnetittatietsiiiieneenens 156

T 2.4 AFFIAR] ecererrerncntieiacdeitinntstnsestnonsanenssnresrasaesosanes 157

F8E ZNAFAMEVIBNIIERATE - ovvovvrrmrrrrerrrrmrririii, 160
8.1 . Markoy SLIRE B AMEL R EE 1o svaver cxnesposty sssvmesnsissaserepresrnonas 160
8.1.1 Markov A2 4 BH ™ AL A FHA oorerereeenninininns 160

8.1.2 FARSBEBATHIMIBEA T Ik «oovvrerrrrrmrenriiiii. 163

8.1.3 A IKALE W F LB ovverrerneeniiiiiiiiiiiiii 164

8.1.4 MR EAICTEI A MIBEHIA cooerereorrnrerinrmrinrniannns 165

8.1.5 JKRALETEFYLIM ABIE +oevrevrenrenremennenreinitiiiiititiein. 166

8: 1.6 LI AR . ovannsaenmnonons unnsescrnne divasn smmvonsma s senhoduasavones 171

8.2 S INEEEERMLE S AR EAGE ooovvvverneeersennreeeesiinens 175
8.2.1 ALZKRAFHFHA cvovrrnriiiiiii e 175

8.2.2 Mt fy ik E A AT Ik oo 177

8.2.3 ALGIKALE M crererrerarrtotireniirimmanarniniioitieaiaersriinenanes 178

8.2.4. FLMABFE ceocerencorerestiiusiitnitiiisnitotestriotnonssosnnrenanns 183

8.2.5 AFIL LA cerrecereoreiritiiiiiiiiiiiiititststsesa st enanes 183

MFEA REFRSGESHRIEEITH - 187
HEB BEHLIEBEBEHIITIR oovvvvrrrrrereerrrrmrriaiiieeeennieieenenn. 189
Mts®E C Cholesky SRR v 191
ot 5 Al | W 192



Contents

Chapter 1 INtroduUCHION ««:ersrrrerrrerrernmiieiittttetuieieeecentasiiieiisceeceacenns 1
1.1 Maneuvering Satellite Orbit Determination «++eseesererreerseaeieenaninne. 1
1.2 Satellite Precision Orbit Determination — «+eseeeeereeeineiiineeeiniiieen. 1
1.3 Maneuvering Satellite Positioning -++-+++-++-++++sessseeseessuessessnesseessens 2
1.4 The OfAe OF THe: BOGK enesccmmsen oo vonss coowesevenosiosans sesssssesbississ 4

Chapter 2 Satellite’ s Motion and Time System  «--cccecceererereeniiinnnn. 5
I T A N e A oS A 5

2.1.1 The Pole Motion of The Earth ++ee+*s+ssseessssccscscsscsscrrscssosnassssos 5
2.1.2 The Precessional Motion of The Earth  *+eessesescecssccsscesrcsscsoncss 6
92.1.3 The Nutation Motion of The Earth =+-e++s+seessnscsssosecsrscstonssecsasss 8
2.2 Time SySLem «eeeeesesssssseeesteettmmmiiiiiiiitiiiiiiee e 13
2.2.1 Vemal Equinox and Meridian Plane «+«++++ssssssssesnssesiunniennneinnn. 13
2.2.2 Mean Solar Day and Mean Sidereal Day +++++++ssssssrsunnnsaseeesasannns 14
2.2.3 Calendarand Julian Days  +++++eessesssenssnnsrmneetnemiinminnienan. 17
2.9°4 ‘Solar Time and Sidereal Time <=++s=+cresesssoessossnsaerasoosevesansonssas 18
2.2.5 [Universal Time and Coodinated Universal Time --cceeccccercececccccceccee 22
2.2.6 Internatinal Atomic Time and Ephemeris Time «++ertseerereesreeceeees 22
2.2.7 Mutual Relations of Time System +++++++sssssrseesseesereeeeeeaeesaeneenen 23
2.3 Space Reference Sytem +-+:-ssesecsursssssesssessessssstossssnssassasssesne 24
5.3 1 Farh Contored, Reforcnice Frame #se vovess sssssssores soasesesissasnnsasesss 24
2.3.2 Local Tangential Reference Frame ++++++ssesseeesssnssninaaaeesassnnnns 31
0 38 Quisliie Troed Peleranos TR, (56 ssasssssssssassssssstspisonsngeasesss 34
2.3.4 Satellite Body Reference Frame +++ees+seeesseesssesusseemnnseinnneennns 36
24 Satellite Motion Basis: <= s sessashtsssnmesessis dmsaasaomsovosssn v suns 41
2.4.1 Kepler Orbit =++=+ssssssssssssnnneeemueetuutiieetiittii e 41
2.4.2 Kepler Equation Solution for Elliptical Orbit eeeecceeeererecenececeneeees e



2.4.3 Kepler Equation Solution for Hyperbolical Orbit ««xxxersrerereecenaeeeeeee 44
Chapter 3 The Fundations of Orbit Determination -----cocooeeeeeeeecenns 47
3.1 Dynamics System Measurements-Equations and Linearisation —«++++-+- 50
3.2 Dynamics System States-Equations and Linearisation = «+e+eseeereeeeees 51
3.3 Dynamics System State Transfer Matrix and Variational Equations -++ 51
3.4 Solving System State Transfer Matrix «-=-+ssseeeessssseseesiiinieeannnnn. 53
3.4.1 Numerical Infegation «+<«++essseseeeeeeeeemmmmmmmmimmeii 53
3.4.2 Matrix Exponential Form  ++++++sssseseeeesessisumeeiniiiineiniiiiiiens 54
3.4.3 Approximate Treatment with Power Series +++++++ssssssersessssssssssnennes 54
3.4.4 Numerical Differencing Mehod  +++++++ssssssrssenesreeeeteniniiiiiienee 54
3.4.5 Hybrid Method =++s+sssessseresseeesenmmnnminiitiitiitnteeeeinieenes 55
3.5 The Conditional Equations for Difference Correction «+««=sssseeeereneeees 57
3.6 The Solution With The Least Squares Method (LSM)  «+eeeceereeeceenee 59
361 Notmalization Nl «me s senes sosers sises rnespnoses sses svsens pev s 60
3.6.2 Sequential Noemalization  ++++++++++ssssssssunsnnrenssseennniiiiiiiineee 60
3.6.3 Single Value Decomposition( SVD) «eeeesseeeseensaretetiniiiaiacien. 61
3.7 The Solution With The Weighted Least Squares Method (WLSM) -----+ 62
Chapter 4 The Methods and Techniques for
Dynamics ESImation «--«--«c--ceeoverseerniinninini 71
4.1 The Methods for Sequential Estimation «+-eecceeeeeereceeeneineacieeneen. 71
4.2 Linearised Sequential Kalman Filter «+++eeeeesesveeeriimiinininniiiinnn. 74
4.3 Extented Kalman Filter(EKF) ceeeeeeeeseererimmmmniiii, 75
4.2 1 "The Detont of Koo Fllipr.  owswvsws covuss vepes vevess xosaipsnisen vesen o 77
4.3.2 Reinvestigation for Kalman Filter +++++++eeeeseessesssssuresseesnnniinnnn, 20
4' 3 3 Model Noice and Measuremant Noice .................................... 81
4.3.4 Applications and Techniques +++++++++sssssssssssssnsnnsrnesssssnniunenns )
4.4 Unscented Kalman Filter( UKF) «+eeeeeseseseeerermmmmmmiinninniniiiiii, 83
4.4.1 Statistical Analysis for RandomVariables +sesseeerereerereeceerancecenees 84
4.4.2 Unscented Transmation for Random Process r=ssrrrreerereresecneecneees 88
LE'S  Unseented Transmation Bassd Wiltap st el dedilL i35 cans sasnna vssna s 93
4.5 The Trade off of Accuracy and Real-Time «+tcereeereraenensernrecncnee 99
Chapter 5 The Dynamics Model for Maneuvering Satellite ------------ 101
5.1 The Celestial Centered Gravitation Force «+s+=seereeeereenererecensennene 102

X



5 5 The Periurhkilors Model: s sonsmsshnnssenssssbenspanysssbusishossass 102
5.2.1 The None-Spherical Perturbation ++++s+++++ssssssssssseessessesuinnnns 102
5.2.2 The Third Body Perturbation +++++++ssssereserrumminnineiiiiiimiiinnne. 110
5158 The Salas Radintion Perkithalias | 155 vsaweumsiie s srlus s soms s s 111
5.2.4 The Air Drag Perturbation  +++++s+ssssesseasenstanmunmmniiieiniianen. 111

5.3 The Maneuvering Force Model «++++++sseeeeerereeermmimiiiniiiiiiiiii, 113
590 WMatksy Process Ascdlalilieniiitar” cosameitsdetansinbls sovedialass s 118
5.3.2 Maneuvering Force Acceleration Model =~ +=r:ssreeeresreesereeeneecnncens 113
5.3.3 Maneuvering Velocity Increments Model = ceeeeerreeseeecnereeccaneens 115
5.3.4 Maneuvering Force o-f Model =++veesreesernsrsernarenneinieninnn. 116
5.3.5 Maneuvering Force Direction Model ++++++ssssssssseeseseemmuuinnnnn 118

Chapter 6 Primary Orbit Determination —--:-co:ocoeereeeiiiiii. 121

6.1 Polynomial Regression «+++++seeseeseseeeimmimiiiiniiiniiiiii 121

6.2 The Least Square Method (LSM) for Primary Orbit

D L iyt TR D Sl ol RO SN’ O 0 LI W s O 0 123
6.2.1 System Dynamics State Model ++++ssssesssserermummminniiiiiiiiiiuiinns 124
6.2.2 System Measurement Model ««++ssssseessnereumneeriiiuiinininiiinne. 125
6.2.3 Measurement Matric  *cccccccrerecestcteccstctctassccctssssansosanascons 126
6.2.4  Stats Thmialis Mathn, | sows sovees sy smssos sosps veamsnssmss saevs seess oo 126
6.2.5 Residual Statistics and Variance Test *=eceeeeereeeereereeerceeecceniceees 128
6.2.6 Dynamic Weight Matrix +++++++++ssssssssseesemmmuiiineneseniieniiininn 129
6.2.7 Implementation Techniques and Process «+++++ss++ssssssssersssusaeneens 130

6.3 The Extended Kalman Filter for Primary Orbit Determination ++++-+--- 131
6.3.1 System Dynamics State Model +++++++sessesessesrsuasnatuiiuiiininians 131
6.3.2 System Measurement Model «+++sssssessssssunnnereiiiiinniriiiiinnnnin 132
6.3.3 Fusion Filter Techniques «+++=++++tsssrssenstastusmiintstiinniainnnen 133

6.4 The Perturbation Laplace Methods for Primary

Othit Dieternitation  sesss sewss ssses s o g vinsn sonbis i fse 5eess sFas s supes s 134
6.4.1 Modified Laplace Measurement Equations +++++++++seeeesseessssssunenes 135
6.4.2 Modified Laplace Based GPS Measurement Equations === =xcsseeseeessee 138
6.4.3 The Least Square Solution for Laplace Equations «:«++esseerreesececnee 140

Chapter 7 Orbital Tracking and Maneuver Detection -:-----cocoeeeeenenene. 142

7.1 Maneuvering Thrust Identification Model +«+vreeeereeecerieieiaiiiene. 142
7.1.1 Identification Model for Maneuvering Satellite +e««sseeeeeeeee CEOUCLIE00ES 143

XX



