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S, A

pi = po; +

To — T; 0 — Yi
‘o —z0) + iy —y0) +
Poi Poi

poi = v/ (zo — z:)2 + (o — ¥:)% + (20 — 2:)2.

Hob, b ABUCHLR SR SRR, © WRE.
_ia Ui=$0_$i Vi:yo—yi wi:ZO—Z.i
poi poi Poi

AR P EISH TR T E R ELIRR P T R
Wxti=1, 2, 3, 43t 4FuURE, HEEBATGTENY

B A m)+ b,
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1 DEXH EE B2 DEXIEHA N MR
Fig.1 Coverage of satellite Fig.2 Visibility of satellite to north pole N
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3 Xtk GEO/HEO & B it

1 F GEO PEM HEO PEAARRMZaFrA, Bk, LITF4 GEO f1 HEO pyfh
Bl HE
3.1 GEO IENESHMILE

AEAriEE R 3 B GEO IEHLES %, 3 ¥ GEO PEXNE G XEEH=
HEEE. BIE GEO TEEaE A, TEHuoEARR TS, GEO NEATHIERS, B
B 5% RXE KRR THOBRHEASR R FiRiE S LE R TR b A el & XK
XR, AHERN, RAFKEX GEO DLEE S 1T o
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AR LE & X ATHE, % 3 ¥ GEO DEZ RIALE miEs 15° i, o
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3.2 HEO IEMHESH
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He, r ADEIBMOEE, fABEMEESA.

xt HEO T, ENHUEFEBRMEALIRRN: OB S, ARERRN, Ao
TR AT A Y., Z $ECHY PEZSNSIRER R, X BEUES Y SR Z SR
FARBEEN (BR X B 1 F 38 S5 ).

BT HEO DRIENMEE), AENE FEBRHE LG R BRSNS, AEEARA
f ik, GRSARESRSH EMPIESMA M, XPPiEAHAS DEEMHENENZSNF
BB n KIRFA M = nt, t 0 S R E] E R,
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{y:r-sinf,

z=0.

HEEERAN

A £ 758 U R H6E P B AR R ORI R R 6% K, 7748 HEO T
B O AR R BB S R,

3.2.2 EEWEXEEYNTRIELIFERENIES

TR X E e ER F, MR SRR R 4S8, A, WEX
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AE T, RFEE—NHUOHERIRR, IR to BHHLOHE B4R R SHLO A
WRER, W to B, A SZEHOHEASRF RIBFRIRA (20,0, 20), 7E t = to + At BT,
A REEHLL I I AL B R P BT AR BROTERFE N (0, 0, 20), RT, B TFHEER E14%, Hiu0oH [ AL
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HTAXEETRIEX S EEEE, Hit, Nx HEO PEMFA X SAKRLMBEY
H (BERBGMES RSN AE) $TH5a%E, #1583 BEM S EnE &L
RUNBEHRX BHELEENAEOEL—EWS, A, TXEIHRE T RSl
BEK AR BT EH.
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T, WA EUSSRERNET APl

{ a = arctan(cosi - tanu) — wet,

B = arcsin(sin: - sinu).

Kb,  APUETEMA, w. AMREFARE, « ATENBRNNESAZSHAE

EEARKGEITH, 33 B HEO TRMFAZHKRENH A 80°, 50°, -160°,
AR HIA 00, 120° 240° i, 3WDEMETHAYLWE 4. W 4 iR, HEO B
ERETASHESD, RAMBUBER G AR 24 x 3600s, B [EEFRE 100s, ZRTR%
ENESHEET, 3P HEO IRETABAANEPEL, 2, 3 KME, BTH
EEAEME TEMAEERR, Bit, STRECZHANKETALEAR, SR
fb¥iAEER, HEO BT SafiEii i AHERE.
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4 HEO DEMET A
Fig.4 Subsatellite trace for HEO satellites

MSABELEE T A, LEFRERER, BT RIS KRR ERIE R
KB ERHEARR. XN EE, #%4 HEO Ful St 65°—155° LA RA BT R
BEASME, MRS, FTEVIMMERARIE 3 MEERKHEATERX =, HF BEFERE /3
B HBER [ 5 7 300 A B i i i XS

4 EhHERE T

M 2 HErm, EAMETEAN Fopor SHPEHWIERE (UERE) KR, R
B, Fopop HFHIREBAMGE, EXNMEXE, BMEENE Fopor BEAM S
KL E A /ML. AR AX HEO/GEO BAREH EMIERE, BHEX GPS REF 5
BEMEER Fopor BFALE. EEHORESERS, SR8, ERbE
— A4 (5439.7, 31406, 1 107.6), ZER—BZ)ET e 9 i GPS BEMEMFE 1L

st O WAL RE, 5 BHKA 126 #4418, #H Fepor #l Froor KBIRH:
EFENASHERT, Fopopa., =2.6027, FPDOP,.., = 2-3439, Fopop X411+ ¥RIFH
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(B4 4.5306, ;724 3.4048, Fppop X4 &+ 8KFHEA 3.9121, HZEH 2.9536.

#1 9% GPS IEMIR

HH A GPS TR AR
.37 1 2 3 4 5 6 7 8 9
X 5439.7 2231 —20413 —4035 22785 19755 11584 20031 —4885 —18530

Y 31406 -—12102 14327 17023 -—7870 15262 —18688 1573.3 6472 —4621
Z 11076 23592 9279.3 20050 11267 9211.7 14987 17445 25343 18530

7E 0°—60° 4, 65°—155° LEMEMA, AL HEO/GEO ®BE&EEM Fepor F
Frpop B{EHIE 5 fTw, 3 H, Fopopm. =2.1824, Fppop,,,, = 1.9531, Fopop X} 25 [6)3%
A B FEME A 3.0869, N 0.8176, Fppop X ZF[BIRH M B FH{EA 2.6471, HEN
0.6258.
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K5 HAERBAXBAEEEN Fepor M Fepor

Fig.5 Fgpor and Fppop of the given constellation in certain region

43X HEO/GEO ®/EREENM RS UERE AT GPS, ME®REX A, ZEER
®EBYS GPS BEMAREM KA. R, MSISHEIETS, XNAXERE, ERiLn
%l, HEO DEZsheXHEARNSRESANRANTRESDT 4 #—SHIAHRE
B, A3CE XY W R o X AT fRE 90% Wt RIRT AL 4 B E, XEEHB K
DIRGER, AREX—RE, (1) T%EHINHEO DENEE; (2) HRET 3 HRH
CIRUMER-X:0h: 2ot o vk #7.3

5 & ®

AJCKH 3 B HEO LEM 3 B GEO TE, ¥t TH R EX K HEO/GEC BE
ER, HR&REY, AREXEA, AXREEEBRBATY GPS 4K EMIEEE.
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BEEAXTE, BN TSR (1) RARSEBRREEEM RS, AT
B KBNS LERE D, (2) % HEO DEMS, #IMHMARX AR EEFRE
HATH SR T ANLE, RELE5 HEO TEN, m{KER T AMTH AN
KR, TINFFE X BRNEE; (3) AIA Fopor F Froor B FiFH TS B AR E AL
ERE, ATLUEERRESM,. B RERITHER.

£ % x W&

(1] MEs, BkEH BR GPS RN TEJUTMEENHFI. THERBE¥EM, 2000, 20(1):32—39

(2] FE5, KOB, MW W% GPS LESEMSGEMMA. RBEER, 2001, 21(1):42—48

(3] B, {£H, #rT. FAALSEMESHTENA EEN. FRAES2H, 2000, 20(1):54—60

[4] Parkinson B W, Stansell T, Beard R, Gromov K. A History of Satellite Navigation, Navigation. J.
Ins. Nav., 1995, 42(1):109—164

[5] Perrotta G, Girolamo S D, Capus R, D’Andrea J, Pilla E. A Comparison Between Sveral Satellite
Constellations for GNSS-2. In: 47th International Astronautical Congress, 1996, Beijing, 1—11

[6] 3k<Ffs. GPS REMBEMEILSNA. K¥: ERFREAFHEM, 1996

[7] Massatt P, Rudnick K. Gometric Formulas for Dilution of Precision Calculations, Navigation. J. Ins.
Nav., 1991, 37(4):379—391

(8] & AmsEREERESEH%E KU ERSEAEHRE, 1988

[9] Bate R R. fiRzh 5l 2@, FEKE LR LFEMSHRREDHER,, 1990

PERFORMANCE ANALYSIS FOR REGIONAL
SATELLITE POSITIONING SYSTEM BASED UPON
GEO/HEO HYBRID CONSTELLATION

LIU Huijie ZHANG Naitong

(Communication Research Center, Harbin Institute of Technology, 150001)

Abstract

As for satellite positioning system, selection of constellation type would greatly
influence the performance .of positioning. Connected with Archimedes plan among
constellation schemes for GNSS-2, this paper presents a GEO/HEO hybrid position-
ing constellation by using three HEO satellites and three GEO satellites, here the
objective region is chosen as our country. Firstly, the parameters for GEO and HEO
satellites are optimized from regional visibility. Secondly, positioning performance
analysis for the given hybrid constellation are provided in certain region measured
by GDOP and PDOP. Simulation results show that we can expect similar accuracy
with GPS in certain region by the hybrid constellation put forward here.

Key words GEO/HEO, GPS, GDOP/PDOP, Visibility
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