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Application of GPS and ‘ GPS-like’ Ranging Technology in
the States Determination of Double-satellite Formation Constellation
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Abstract: Precise determination of formation states provides the foundation for Formation Constellation to carry out its function. In
this paper, the state determination problem of double-satellite formation constellation for earth-observation purpose was discussed. On the
basis of GPS, a ‘GPS-like’ ranging technology wds introduced to improve the state results. Two mathematical models combining ‘ GPS-
like’ Ranging technology with GPS were built. In this way, a synchronous initialization method for single differential GPS inter-satellite
integer ambiguity and single differential ‘GPS-like’ intra-satellite integer ambiguity were also developed. Finally, these models above
were simulated and analyzed. The results indicate that, ‘GPS-like’ observation data, especially the single differential ‘ GPS-like” intra-
satellite carrier phase data, significantly improved the states results, and the accuracies of absolute attitudes, relative position and
relative clock bias respectively reached rad, m and s. The simulation proves that these methods are correct and model II is more accurate
than model I.
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Zp B(TRREE 213 BN ) IEH D) L MR RM=NERBIA. (M), : )\ B IR RE L 47 R HSE
B, BN (MG), = Ry (W) R, (67) - Ry(gi)o (ML) : N L ARARREI T AR R WSS 1A, Bk R
(ML) (a;:,8,) =Ry (= a;) Ry (90°+ 8,) 0 (Mp);: I\ B AARREN 1 AR RMBHIERS , S % B E
BAGE,BERI (M), = (ML), (M5), = Ry(~a,) Ry (90°+ 8) Ry (W) - R, (6) R, (9!

2 BEXHRBE

ST 45 A B2 BE PR 25 2 (R, SEAR SR A 26 SR F ASE 3 J7 B s ¢ GPS BB, GPS 2R AH
iz \2€ GPS DhBE 3K GPS ZRIBARAL PURF IV IIE s FUHI I GPS PHEE LI (EHEAT B s L, B B &
B RO 43 B R AU A2 5 R AR R (0 B i S5 10 S A TR, ZERERLPL S A R T, FIAE
GPS E AR R EMIEYI ML CPS BN BERME, MEGHRALEERER, L RKBLERE
I XY EE S BAE MR B SRR {7 B AYME 8 , IR0 484k GPS 1Al 2 R T 1€ GPS BN
BEERIE & BTG M0 ISR R AR B s I , ZEAR R A AR A 1R (REX (i BRI X 85 Y 58
Bfs B SEMEREER) T, 2SR E AR A6 E R, MR RA S RE B MINAUR /D Fetk
HATEARE , SE R B A RSB ARE RV AN L 4. o T B E RS R, A 5 Pl 2%
VR (B P BE AR E— 126 GPS DRBE LI (B A o, 40 517 2% LU (B AH L A B AR 3, ) e 9 AT X
A EMANESHEREINE, -

3 HEFER
3.1 PWHE

A FEAF A =FINIE : GPS £ M FRBAIAL A2 2 GPS thEEFIZE GPS B RN B2,
(1) GPS E[EIHFE MM B 72
(A$S),; = IR,,C: | - |R§,"2 | =26 (AN®) + c* 8ty - c* 6ty + (05),

=(§,?)1T'(Bm)g—/\c'(ANﬁk)u+bu"”(”?)u (1)
(Bm)12=[(x2 Y2 22)T+(Mir)z(az,32,1?2,32,902)("2)5]—
[(xl Y1 21)T+(Mg)x(dﬁ,61,W1v61’¢1)(ri)ﬂ (2)

o, (AS% ), WG GPS ERARX CPS TR k MBPAIR B, (o) HIMIHEE, (ANS), %
GPS B[] BLEAEHIRE, 2% 9 GPS BIPABMBE, (s&), HABE 1 # CPS TRRE GRS TE k MBAAIM
BRI, by, HPTR EAIRT 2 SRR (B, ), WIS CPS EREHMMER KR, ()" N4
i ) GPS ERBAEH B MRRFWAERE, (x,7,2)" WHE | FobfE ] RRRPWABRE,

(2) 2 GPS thiEH 2
HWE 1.

(67 = [ (AR + (M), (r§)7 = (M5),~(rD)P | + by + (47, (3)
HWE 2.

(02 = | = (ARR)" + (M), (P)) ~ (MB), (117 | - by + (1), (4)

Hef, (07):(G=1,350,k=1,2, i ¢ k) WHE i 093 CPS BIRELSR [ M4 E k 192 GPS HyRE VLI,



E B %:GPS F1K GPS WBERARBE A TR R EERREHE 13

() AIIEE, (AR,) HFREBLE T LIRRF AN ERE, (r])! WRE | 0% OPS BILRL
JEBRIRREFHMERE, (r))! ARE | FI CPS REREE B BIRETHMNERE, (M), IH
Bi 0B ARRE ] BIRR IR ER, RS2 LFM.
(3) XGPS EMBP AR E R
HWE 1.
(847, = [ (ARR) + (Mp), - (£5)F - (M}),+ (#1)F | -
[ ARy, + (M5), (r5)] — (M)~ (r)P | = 27 - (AND), + (v2), (5)
%E 2:
(A87), = | = (AR + (Mp), - (r§)f = (MB),(#h1)E | -
| = (AR + (Mp), = (r0)] = (MB), - (PR)E ] = 2F-(AND), + (45, (6)
Hep, (Ad5), IR 28 G BIKRE j S EREXTHE k HRAIZE CPS B A BB ARAL S 2= W
18, (o) ) FIMRINIRZE, (ANT), H2K GPS BN ERMIFE (i, k=1,2,i%k;m=1;7=2,3),A" HZK GPS
TR AT
3.2 REBGRTEN ,
IR GPS F12 GPS MBI ABA , B T HF RSB IEH EHAL,

(1) HEEl—
BR—BA T GPS £ M ERPARRIE2 2 GPS HhESFIRN LI, B AR .
(A8%),, 7)1 [2%an®),T [ (i),
................ [ [ 020 o
(o), 7(X) 0 (o),

He, (889, (012),(ky = 1""»”0'; i ky=1,2,i% k57 =1,2,3)5 51 GPS B[Rk B AH AL 8025 W I
{EFI2 GPS BHBEWRIIAE ; (v31)p, (072 ), FX BRI MR B AXRIUIR 22 5 X ARG IR 40
SMRESELB X =164, 64, Wi, 05, 08, Vs s %0, yias 202 b 15 30 (X)) (d = 1,2) W RD W0 (4 00000
FRFE X LB,
R iR GPS BB EEMEC A, MR (7)FTREL, BREFBHANT
(o5 )y 7:1(X) (),
8] 20 [0
(v2), 72(X) (17,
He,7,(X) (d=1,2) AR F 9, (X) BE BRI R MR8 B BT8R (%), =
(Aga ) + 2% (AN*) - 7,(X0), (102), = (02, - 72(X,) s IE TR dX = [d6%,dgt,d W, d6%, det,
d¥;,dxy, ,dyp,dzy, b 1%o
(2) R~
BER) — AR — RS T — 2RI (—2% GPS 2 N ERIAR AL 8 2 W , BLARRIRL . .
(A:)n] T () 7 [A%-(aN%),] [ (8,

(2); |=| n(X) |+ 0 I+ (), )

(adh), y3(X) AT (AND), (™),
O, (AF2), K926 GPS B BRI BV (i, b, = 1,2, i % bysj= 1,2,3)5 (o), H(A4™), %t
BERIRIR 2 5 v, (X) (d = 1,2,3) A =FRIIERTI T B 5 § 160 R8T A2 2 LR,
{8 GPS B L BORABE AN GPS B MBI B 0, X1 (9) R4k, iR 2 B
F:



14 Sl s AN e 2006 445 5 4

(o), 7.(X) (%)
(of2); |=| 72(8) |-dk -] (1), (10)
(UF,:?),' 3_’3()2) (ZT;'Z),'

HF,7,(3)(d =1,2,3) AR H 5, () BB RARIERB R BRI, = (A872), + 27+
(AN72), = 73(%o)o
3.3 EFEMEMSRL

B FAROR B B MERR R IR AL R B E e VRS AT IR . A UG 21N 10T GPS & (MM A 2
% GPS fhEE K2 GPS B BB 8 28 A, ) LS WU ARRURIN] (LR 4L PO R 08 FE R AR X RS BB A4 3R
{58, % GPS & [5] B2 BE IS GPS B A B 22 H50H B[R] of 58 AL T AR RS I D 4R Ko

¥ ERPIREHESHORESHERI N FRSE, N () REFHTREL, FRETBANT :

("?:l)u(nt) 7 ()¢ 0 (lf:‘)lz(m)
------------------------ DA paky [
f)im) |= NOO"} - @ (1)
(o) (uy ] 770 (%), (m)

Ha,7,(R)(d=1,2,3) 0 e MFHITCHR (9) T y, (X) BT RE LB R, (%), (),
(172)(ne), (10 ), (ra) HSEREAG B 05 dX SRR SRAREY ne A TG BREOH BE S HOMMORE S B BL
I, 5 SR BT A B 2 B B E T AN = [d(ANT ), d(ANT )y, -+, d(ANTe )y, d(ANT),,
dAN), ,d(AND),, dANT, T, \
FAARRERE SRS/ REH T ERRE,BH:
[dX i dN1T=[ATPA+ P,] '[A"PL+ P[X - X, N-F,1"] (12)
P=[P i P, i P,]"P =[Py i Pgl” (13)
o, P SRR S, P, (d = 1,2,3) 5051 GPS B[ AP AL 2 EWIE .3 GPS 4B WLl (&
25 GPS BRI AR L B2 LI E X N AN R BURE s Py R RSB ER S B, Py MRS S LR
HIERE B, S CPS R S AR MAEX I B e h GPS B AR R
£ EHET AT B ERIE, Po R BAERE, B R AR AR X, R n B
RPRASVME, N, BB RWIE . 36 IPAE AR S 3R (1 - 3], AR R,

4 HEHR

4.1 HEFH

P E Xt G At IR A BB AT XU 4 BA 2 I R HR TN 2003 4F 6 A 1 H 12 B, B4R 2RI 41N
lkm, 816 T & 4 B WHEREINE | i, BN ENBNEHRE R I WE n, JCPST .
B (FCHE ne =5), BIEFHTT GPS B EMHERES WX 1], REREHNDK 1m BLTE, &
BWE L RENERERR :—EN CPSWMERS, 1 4 MEWRKRE (P (G=1,2,,4) 4R, 7 B %
R AR481%(0.5,0.5, - 0.5),(-0.5,0.5, -0.5),(-0.5, - 0.5, -0.5),(0.5, ~0.5, -0.5);
—ERL PSR RS, 1 MRIKRZG)! M3 MEREKRLE(D (G =1,2,3) EM, HH2 6ps &5t
RETE B SRR PHIALAENR(0.5,0.5, - 0.5), 2 GPS YLK LTE B B4R R P HIARIR/510(0.5,0.5,
0.5),(0.5, -0.5,0.5),(0.5, - 0.5, - 0.5),

{5 E A GPS thEE .GPS #RIEATAL ¢ GPS thEE NS GPS BRI AH A U K VB I B 15 25 (9 77 22 4 BB Ky
(67)" =13.9% 10°n’, (6§ )* = 5.4 x 10" n, (67 )* = 1.0x 1071, (6 )* = 1.0x 10 2o A€ ~0.19029m,
AF =0.001m,



F B, % :CPS M GPS MEHARBKE M TN E 42 EHRSHE 15

STEIPIT, BE— (T B (ne + 2% 3)DRIE 10 MRESE(6 MBS A3 4

IS B AFRA 1 AR B ) L ne DMEEREBI B SR~ R (9) S EIE (ne +2x3+2x2) T
JUE, 10 MRESE(RRD LR (ne + 2 x )N EREMBESE ERAEMEREE, X () ERH (0 +2
x 3) M VRHUME 10 MRESELL ROV EBHE(ng +2x 3+ 2x 2) PRI L 10 MRESH
®1 BINERNEEZRENNERY

Tab.1 Satellite’s classical orbit elements of serial double-satellite formation constellation
(%) M)

a(km) e i(®) w(®)
HE 1 7400. 000000 0.000000 30.000000 0.000000

HE 2 7400 . 000000 0.000000 30.000000 0.000000 0.000000

4.2 HHIERELR
GEEERERABERENXR, BECREERY T = 10s, BINBEH 7TH ne = 20, W B

(1)1 208y GPS B B ZHMIBEANK CPS BN BB AR BIINE 2.8 3 B,
#2 CPEESERHERELR(B)

0.000000 0.000000
0.000135

Tab.2 Resulis of GPS single differential inter-satellite carrier phase bias (period)
B (N (N (N2)y (N)n (M)
RARE 1.5786e-2 -8.9973e-3 2.036le~2 ~5.381le -2 4.4837e-2
W 6.4661e~ 3 7.4925¢~3 7.9474e - 3 4.4160¢ - 3 5.3039 -3
Bk hE o8 =1.44478659¢ - 2 Rk o, =1.02161840e - 3
3 ACRENRZENMERELR(A)
Tab.3 Results of “GPS-Jike” single differential intra-satellite carrier phase bias (period)
1) (N3 (N (N2 (N3 )
REIRE ~5.7683¢-3 / 1.4176e - 2 1.0528e -2 4.4147e-2
WHE 4.2370e -2 1.1488e - 1 5.2608e ~ 2 4.9393¢ - 2
Bkt oh =1.42130116e - 1 Ty E aZS =9.92679794¢ - 3
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F4 ER-MRR T ARERERBEL
Tab.4 Comparison of states results accuracies between model I and model [[
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X E 107m 107m
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TEXSSh 2 B 107°m 107*m

W 1~ B 3 R R R (B S A) IR — (B 455 WD) 5 B e 5 1
G B B AT S 25 A AR (0 B AR S5 22 40 8 RSk H I, T LA SRS PR — T A, iR

B,
LR EFTR, 2 CPS MMM L KR GPS BN BB A2 WREMEIA, B BIRE T WERNEEN
REWERE . SRER G - FHhTFER—,
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Fig.1 Comparison of absolute attitude (8%, g%, W}) errors of satellite 1 between model 1 and model II
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