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2.1 EMR CDGPS BEHFRa
XA EEHR M TE i, HERARKRFFARMEEGTEN

APt = =85 Ay bimj + AN . W
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Hrp, A¢k ADE i MERZ m H5RE j 4T GPS LE k MAHMLEE, Si HTE
% GPS TE k ML MM R E (FILEERENMIEEMETHEEE), A ANTE
i AR AR R BRI AR R (ECEL) HZRBAERE, biny A LE ¢ FIEREK m 5RE
J ERARRFHRKEERE, XA GPS FERIIEMK, N5, AREBFENE
W DR ¢ kbR R ) bk FARR R (NED, Abrigm hdb. R, #) KRR SR

BE
RE®P(v;,8;,6:) = Ry(¢i)Ra(6:) R (). (2)
H, 6,65, ¢: SR TE (93 MNEEM, Re(p) AUIRARS ¢ Bl ¢ MBS
R,
2434 7K SFA R R O BHE AR R (0 MAAR AR B AR RE
RRZE (04,6;) = R.(~a;) Ry (90° + &) (3)

HeP, a6 58 TE i FLLHRE, g (HIDRERKEMEEEAEITHAE]).
M, MILE @ wfkA0n 2R B0 B AR R B AR BB RE

Ay, 8,0, 0i,6:) = RRan (i, 6:) RE =2 (%, 65, ¢3). (4)

2.2 Ej§ CDGPS HNEHFRE
B HmAE RN 3 SIDRAR, AU TE 1, 2MIE L, 3KWERKEARR

SR S TR B R R ETTEA
AQE = =81 Bmym, + 2 + ANEL (5)
A¢f':1m3 = —Srlrlemlms +ecnz + AN;‘:zllmza (6)
T2 ] I T ]
Buim, = Y2 +A(a27527¢2702;¢2)am2 - Y1 +A(a1,51,¢1,91,¢1)am1 ,
L \ 22 i L \ %1 i (7)
T3 T ]
Bmlma = Y3 —|—A(Ot3,(53,1[)3,93,¢3)am3 - 1 +A(a1,61,¢1,91,¢1)am1 .
L \ %3 z 1(8)

Hep, Agki A¢k ARIATE L, 2MIE 1. 3 MERLST GPS TLE ki KA
frME Sy, HDE1ERZEm £ GPS TR k MRS HRNML AR (THIE 1 X
KR NBE BT EBE), 72, T3 HFATE 1 5TRE 2, 3MBENMEZ X,
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¢ AXHE; Bmymy Bmym, ABER1THERE m #F5TR2HERE me, TEIK
FRE ms R ELRE, am,,0m;,0m, FHABE L 2, 3HEERE mi, ma,
ms X ARMIFRETHMBERE, (v1 10 21)7, (22 2 22)7, (23 v3 23)T HHATE
1, 2, 3 MRLEMOCHRELIRRPHAERR.

PR E DRI REAMERNE, HAHEHR

VAd,f;lkrz;lz = -—(Srlrk‘l Bml mz S;lrkz Bm1m2) + AN’I”:L];,‘?:‘?‘LQ’ (9)
VA(bfTilk’lzn;; = ——(S’fleml"n% - S’lrkz Bm1m3) + ANT’::J??’L;;' (10)

BEEmlR, WEHTEN

Ak ST - Ay -byimj ANE

Agh,.; 83 - Az - bam; ANE,

Agk | =- ST . Az - bsm; +1 ANEL |- (11)
VAgkikz S1k, Bmims = Sik, Bmima ANk,
VA¢:’rcr%1krzn3 S;Fkl Bmﬂns - Slrkz Bm1m3 ANTI:lILI?VELS

2.3 ESRBOMKH EFFITHSE

(1) ARPEERE m £ GPS LB k WAL AN RBAE T IR HAMREE
GPS TLE k W& B fi k&, (5). (6) AAIE 1 WERL mi E GPS TE ki 1
WEH R RBESHRET IR 2, 3%F GPS TE b MUREHTHPEMRE. BT
PR [0 B R FAT PR P AR IR 22, R N5 BEAT BBAR 1 32 50 1N R 26 R RO B 2%
KEAX, HE (12) RNTUZBZRENEW, TNEEHTRESE .

|2A|1‘§||2 < ERR. (12)
He, AX hEZKE, D1 ATE 1% GPS DEMMERE, ERRJBBFEMMNME

.
BR, XMTENRGARMER, HRETUEM; BXTERLR, WEREESL
KRB RTHEFRENE REKEARR

€=|D1‘|(1—51~Si). (13)

Hip, ¢ HiRENEY, D ATE:iZ GPS DEMMEBEXRE, S, S 4#RNBE 1,
LR MERLGE GPS DEMALT M RARE, B hhEE R EEE.
2.4 BHAE

(11) AR BT R GPS HPARMME KM (ZEM) FEFE AEHE TR
Htks, UGN EMERE. ARA R ibeE: —MREEM S — R AR
R A—MENHABR — AN RS, TR M A R R4 R ER— R —3H 2
T Bl BT GPS BT ATRAEBOEALA X WS, 5B AT B Oh BE VLM SR 430 A
HOHE. B, ASTRECH D REE AR E SR BTA DR A B Al BAE N B AL
HE Elt, BRERESDRESAEARESHES, EHEREDEROER LB R
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PELEEATESH, DT EERF AR R A4 R ARG BHITRAARER
Mg/ h ek S, T2 [RVAX (o B T e R B I e xSk 218 2.

HA, thT GPS thBEN B E A H & AR KR TR W R AR, #rE
TRAZRRFBNR N -FREBEN, LESHERERLAFNL, UBERANRES
o fs BRI BN e B — BB LB ik, B (11) XS T8 REERR
H, NESHERERCYBEEMBENLER, BEASBMERMERTMER®E
B, XA E T . BT EAER, &5k RA M.

3 H¥hE

PRSI RTINS 7 8 GPS TR, #e#ITHFHEN, BT 7 B
GPS TE. xt—~3 EMmMNEE, WHMRKMLE, WEBBARCR RN 75 4. R,
ERPMAZED TP, RAKSYUBRFEMITRNZEKR 18 MRESH (B LE
) 3 ANRERFN 3 NEEAA) Sb, BT 75 MR, R AEMES . BRI E R
CDGPS gz k@ Bz —, HEEMTREMTE—Ermsrtt, Rk, HHE
HORS R R RN B SR AR I RS RS S T 2 TRAR R, PEMR BB RO R RIRT R T, B
R SOIRAS Ay v el L.

3.1 {HR#ER

MNEEHEREEK 1, & LB BRI 4 MRERRE, ENEIRGAIRRP I
BRESHA DL -YT(ERR, 0 -1 -1, -1 -1 —1F M [-11 -1]%
GPS TERBUEMEE A Sk [4]. BRI BAMIBMEA, REMMUFO0IRE, BB
BRNARE 45004 2mm, Smm, 5 mmBME] BB AR A RAEIR 22 1 5 ZEHUA -

of =5.4 x 10°m?.

%1 RAEESDENMERY
a (km) e i(°) (°) w(®) M(°)
TE 1 T7400.000 0.000068 30.007743 100.000000 90.000000 0.000000
TAE 2 7400.000 0.000068 30.005475 99.989052 45.009481 45.000000
TR 3 7400.000 0.000068 30.005475 100.010948 134.990519 315.000000

3.2 {(HR&ER
HTREFEERE |AX |~ 800m, H |Dy|~ 2 x 107 m, 45 (12),  (13) A%
SEAT T RETT M A-PATIRESUE.

R2 ELAHBALER M7 rad
PR 1 T2 2 TE 3
1 61 21 ¢2 02 P2 ¢3 03 ¥s

HiE 0.900 0.783 0.643 0.844 0.871 —0.884 -0.722 —-0456 —0.110
HEH 0.901 0.780 0.641 0.841 0.872 -0.886 -0.721 —-0.459 —-0.107
wrE -0.001 0.003 0.002 0.003 -0.001 0.002 —-0.001 0.003 —0.003
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R2AHTREAMESG R K3 ADEBNIBENMRE (Ax, Ay, Az) RERE
B Ar. BAM A EBERERE 1072 m, BRABERERE 107° rad.

F3 HEAMUESHEETHER Bf: m
Az Ay Az Ar
HE  146.413 748.472 180.058  783.625
BPE1—DE 2 H{H 146.482 748.469 180.032  783.629
B —0.069 0.003 0.026 —0.004
B  393.576 —653.257 180.058  783.625
TPTE1—DBE3 EM 393562 —653.262 180.061  783.623
HE 0.014 0.005 —0.003 0.002
B  247.163 —1401.729  0.000  1423.353
BE2— D23 EM 247080 -1401.732  0.029  1423.341
. ORE 0.083 0.003 —0.029 0.012

4 Hn

A H T — MR RABBAMLES GPS(CDGPS) HAR, Bk ERMENZSMMER
B T2 g B M rh TR YA FR B AR 7 B o ok Be A B . B A RR,
BRNEWA R ASCRBEAT TR —INZBCEE, I BRY R AR kg, (B,
FI I ELE L W 2R BARC I BE, & A5 F7 T WME 2 70 AT T R BRI BE, X Dok 4k
LEFITHS.
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ATTITUDE AND RELATIVE POSITIONING
ESTIMATION FOR FORMATION
CONSTELLATION USING GPS

WANG Wei XI Xiaoning

(College of Mechatronics Engineering and Automation, National University of Defense Technology,
Changsha 410073)

XU Qifeng

(College of Surveying and Mapping, University of Information Engineering)
Abstract

When determining attitude and relative position of formation constellation using carrier-
phase differential GPS (CDGPS), the difference measurements of intra-satellite and inter-
satellite must be combined to entirely resolve the states, because the states of the satellites
are coupled and the difference measurements are correlative to each other. This paper
presents a mathematical model of determining the attitudes and relative positions, which
combining with intra-vehicle and inter-vehicle differential measurements, and using three-
dimensional net constraint from inter-vehicle differential measurements. The mathematical
simulation results show the feasibility of the method.

Key words GPS, Formation constellation, Attitude estimation, Relative
positioning
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