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Abstract In this paper, we try to apply a new methodology “complex network science” onto
Global Navigation Satellite System (GNSS). Complex network theory has cleared new type
of network characteristics; “scale-free” and “small world” in real networks, which are
expected to provide new technique for analysis and design. As the first step, we consider on
a network centrality for each constellation of GNSS, and study potential items for future

works using the complex network theory.
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Fig. 1 Global Navigation Satellite System and their Orbits
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Fig. 3 GNSS Market Report 2019 by EU GSA
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PHELERE 8 J7 km DY A XD KB RBIED T AT LA THD.
BRI AT LOF Y FT—=271F, ROL IO ODOBENLRDL Z LN TES.
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- a— FEHLIFEEE (Pseudorange) [m]

PLL®) = 12 (6,6 = 70) + c{8t,(6) = 8P (O} + L SIL(©) + OTL (1) + €f, (©) ©6)

- Pk AHEERE (Phase-range) [m]

of () =77 (t,t — 13,) + c{6t,(8) — 6tP (D)} + ;—:2515 (&) + 6T, (1) + LN], () + €L, () (D)

72720, 0, fi, & 1 EENEIURER OB LNV R) 2Rb0THEE, B KETH
v, Blz1E GPS O¥A1E Table1 (234K H51Ci=1,2,5 O 3EWTEEEN TS,

Table 1 GPS O#E H B & &

B5i [AIR# f; [MHz] EE A [m]
1 1575.42 0.19
2 1227.60 0.24
5 1176.45 0.25

ry VIR p EZEH v OB TH Y, p-u ORI 21, BRI X ERE
ERIEVEEAERITRF) T

sP = [xP,yP, zP|T, u= [x,, yu, 2,17 (8)
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HTENTED.

BB AT 2E, FEEDPER LR R L 2— PR EE TR TE, FrEOHLAD
LT TIERL, EEHLWEREOITS RIFe, S0 E FREROE[HLE, xy U —
7 BENHEX THREZRIT TWAD. LR b, ERDITICRS>TWAOIEHETH S
Mo, WHREEOFT, Ry hT—sF0M] 252 LIZARETH 5.

PERDOEHER v N — 78wl T DAy NU—7 fbtE ¢ oEFE LTE, X
(1023 %. ZHUTHEPOEL TN TV D, REEZ) V7 BOETHD.

k;
Cl' = -

=3 (10)

=L,
i WEROES
ki  ER IOV T
ThBH. Lol EBEOGNSS K v bU—2 FAHIRICE v b U=/ LSBT A8 E
A CTHEAL TN Y LT, EADEMMEEZ - TS, 2O L&RBLT, RADD LS
(2, KMy FU—shiE ¢ EEZAD T LINTE S,

ki+Xijwijrij
C! = S Wity (11)
' Yiki
J (LB SR ORSE 5
wij  TEESR T DBORPHAEREIER j OEAMREK
rj  BEERERIDBORDDHMERLNER jOY 7K

I T, Fig. 9 (ZHBIF =B EA KR 812 T, Ry b U= b EREET L. (HL,
BEATFTEOMAT —ZICRAD DY, BEROMELEROY A MBREFHTHY, wy,
r; OMat7 —ZIAMATHS. 22T, FFE wy; =n; =0 EBWVWT ¢ ZitRTHIL
CF 2. ZhuE, BB OWTR Yy P =7 PEEFARIE 2 LR ERL TN D.

Constellation capability of GNSS receivers’ 40%

35%

100% 30%
25%

80%
20%

60% 15%
10% -
40% 50 -
0% ||
20% 1 2 3 4
o ~ : EESSOHELONASS : 223 . ga'lgm
¢ ¢ FoF P& i e
& s o S o G ® GPS + Galileo + GLONASS GPS + Galileo + BeiDou
[ @ GPS + GLONASS + BeiDou @Al

Fig. 9 GNSS ZEH MR B NEIS

_44_



FOFREEIL, Table 2D BV THD., ZhizxthiE, GPSZE# 1 & L%y hU—7 ik
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Table 2 v FTJ—o ik

No System C; Provider

1 GPS 1.00 U.S.A.

2 GLONASS 0.62 Russian Federation
3 Galileo 0.41 EU

4 BDS 0.39 China

5 QZSs 0.33 Japan

6 NavlIC 0.06 India

7 SBAS 0.65 Many Countries
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