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Current Status and Development Plan of
Global Navigation Satellite System

Jihyun Ha", Sebum Chun™”

ABSTRACT

In this paper, we explained status and development trend of GNSS (Global Navigation Satellite
System): GPS (Global Satellite System) of US, GLONASS (Global Navigation Satellite System) of
Russia, Galileo of EU, Beidou/Compass of China, and QZSS (Quasi-Zenith Satellite System) of

Japan). System construction and operation status of five GNSS systems were summarized. In
addition, development plan and modernization of these systems were explained
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n] 9] GPS(Global Positioning System)® Tt 3%
e JATHAI~ES RSN 2k F43 3

oo & 3, SX, %, -5, 34, T, 7]
&, ATk o] 27]74A] F 52 okl &85
3 9lek. GPS 19709l FE 7= 7] Ajzhgt o)
o] AR S 24 1978 Block 1 $14d0]
Z2 dabg ol AA7EA] Block II, 1A, IIR,
[IR-M  $17do] ARSIl 2008 119 @A
Block 13+ 11 #1432 95 tf o] 854 ¢
9o, Block IIA 12, Block IIR¥} [IR-M, IIF 20
i 7F - Foltt 20051 9¢ Block IR-M®] 2HAL
= AJ2ko 2 GPS AisKGPS modernization) S %13 &
oJt}. HE]E GPS$} tl=e] 2iAloke] GLONASS(Global
Navigation Satellite System), -FFa3%2] Galileo, &=72]
Beidouw/Compass, 1#]1L ¥¥#-2] QZSS(Quasi-Zenith
Satellite System) & ©e YT HA| 2o £
A N APo=r s 1 A7} GNSS(Global

Navigation Satellite System) .2 ¥ it}
AR EA G o) e Al AT
1980 ] =744 &= WIZEARG-o] A|ghE]o] QIitt. 1
gy 19834 A9 KAL-0077] &3} @A L
2 Qlate] 19841 ol tiEHe] FAAeE |
7ol AL8-& 3 7FsFdtt. o] % 1990 sk A
2 A, JIZb A et A guvE g R
g FEHEA 714 284 B AAA adE o
FolA =k Az o]% 20004 5¥ 1Y AA
(M=, $179¥1 DC A QAR 718)S 718 vl= =
Ao A= el 3 7F84(SA, Selective Availability)
=2 s = MU SAE GPS $489l F
Vg 2 o} gelow, v G o3 57kEA
Ot AW ALE AT AH B o) HFEE
A FoEE GPS 143 AlZh A% AR a1e) A
= = @gkeh SAZE A= 7] A W

el 9A0R WeE Ah

F3lo] YA H7FA 2~ 8l(Augmentation System)¥}
ol A%s T3 AUIIE 5 W & b 7
= 5ol /7] AEESIT) @A T ol A= A
23719t ®7IA)I2~8 GBAS(Ground Based Augmentation
System) AE35 93k A& FAA ZAA2ES 7Y
vsldom, A5 Fg IMT(ntegrity Monitor
Test-bed)& 753t HIPAHS A8t Tt
o] =olA = w9 GPS, § 49 Galileo, EA]
o}F9] GLONASS, 9] Beidou/Compass, 1]
3 dyEe] QZSSe &9 #FI Al~E I AE

So thsle] HA ARE 4, 7]1EEA

o}

o
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2.1 GPS

NEAQL I FHAI =R vl=2] GPS+ FHa
247N 9] Qo m FAE dom, 67 A=A
7y 4709 $124 2 1-27119] du] g o] mjx = 9]
o A% AAZES 55°0l1 22,000km Lol A
11717 57.96% 712 38t Aok, WGS-84
FHxAE ol &3taL dom, AZAE UTC 7]+
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G

1. GPS 2dY &%

PRN SVN AR FF Launch date Clock A4 dE
1 49 [IR-M 2009-03-24 Rb Outage
2 61 IR 2004-11-06 Rb 3%
3 33 A 1996-03-28 Cs 3%
4 34 A 1993-10-26 Rb, Cs 3%
5 50 IIR-M 2009-08-17 Rb 3%
6 36 A 1994-03-10 Rb, Cs 3%
7 48 IIR-M 2008-03-16 Rb 3%
8 38 A 1997-11-06 Cs, Rb %
9 39 A 1993-06-26 Cs 3%
10 40 A 1996-07-16 Cs, Rb 37
11 46 IIR 1999-10-07 Rb 3%
12 58 IIR-M 2006-11-17 Rb %
13 43 IIR 1997-07-23 Rb %
14 41 IIR 2000-11-10 Rb %
15 55 IIR-M 2007-10-17 Rb 3%
16 56 IR 2003-01-29 Rb A
17 53 [IR-M 2005-09-26 Rb 3%
18 54 IR 2001-01-30 Rb 3%
19 59 IR 2004-03-20 Rb %
20 51 IIR 2000-05-11 Rb %
21 45 IIR 2003-03-31 Rb %
22 47 IIR 2003-12-03 Rb 3%
23 60 IR 2004-06-04 Rb 2%
24 24 A 1991-07-04 Cs, Rb %
25 25 IIF 2010-05-27 Rb, Cs 3
26 26 A 1992-07-07 Rb, Cs 3
27 27 A 1992-09-09 Cs 3%
28 44 IIR 2000-07-16 Rb 3%
29 57 IIR-M 2007-12-20 Rb kel
30 30 A 1996-09-12 Cs 3%
31 52 [IR-M 2006-09-25 Rb 3%
32 23 A 2006-11-30 Rb, Cs %4

2 &Y s P &8 Fof B E Hsta 9l Zolth L5 A& 2010 Wz Aujs A2 &2
o GPS ddislel] we} wAE EL 4L %2 331 gr}. Block III 94< 20139S =31
Block IIF9} Block III $1A4olH, F712E Alae 2 AR gom I YATHE W7HE A5l
L5(1176.45MHz), L1C, 123 L2Ce|t}t. A 1 L1Cs} L2C7t Algg AFelt}, o F LI1CE
] Block IIF €1 (PRN 25¥)0] A4 &9 Fo] Galileo, GLONASSS} 3% ©]-89] 7}&3 ®7HE
H(E D), L5 A% ATE 9k A&54Q0 A& X139 A Fo|t},
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31 A A Block IIF 9142 2010 5¢€ 27 &%
11A(EDT), Z=28t}2] CCAFS(Cape Canaveral
Air Force Station)ollA 2AME AT}, WAL A&
a3 14 Jed Block IIF €142 20104 6
4 6Y L= EdavE &3 3 IGS #54d
Al oy FH 5ol d3skal o, 71Eel Block IIA
9o 95 PRN 25(SVN 25)H $4-S o
A&+t 3 HA Block IIF $142 849 2743 H

A4 9% AT,

3% 1. GPS Block IIF 2I4 ZAL ZEH

2.2 GLONASS

GLONASS:= 2l A]obell A 7R F9l 94 a8 Al
2Hlo g oH] A4S EFs 307 o= o]
Fojl AlvlS HEE S gk dA] on] A
2718 233 2371 $140] &9 FolH, 3/ A=
el 871<] 914d¢] 242 mix = o] gl A= AL
7o 64.8°011, 19,140km ILEA  11A]7F
15.73% 712 FHsta qivh. 9149 +9d3ds
# 20 YEFH . GLONASS €142 19824 10
4 296 HxZ WAEY oM, G1(1602MHz),
G2(1246MHz), G3(1204MHz) F3 tdS o]
g3ata k. FXAE PE-09(PZ-90), A7Hl=
UTC 7]15¢] GLONASS A 7H& o]-&3}a it}

i

* The GLONASS time is closely related to the UTC but has a
constant offset of three hours reflecting the difference
between Moscow time and Greenwich time.
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g3ta lov, GPS duise H&E

S AR gAHoE wAS L AES W
£ F7H Algo|tt. Adistel] whet wAlE 94
GLONASS-M #1443 GLONASS-K $A4do=,
GLONASS-K  #14%-E  RIZFE Als L3¢
CDMA(Code-Division Multi-Access) A 3.5 F
7tek AlE ot}

20109 34 29 3719 GLONASS-M 914& &
AHE Azt 2 Adis) A Al Eekgint 3¢ 2
of wrALE 3709 $14-2 slot number 249} of|H] ]
A (slot number 22, 23)°.2 HIX| ¥t} o]F
2010 99 2¢ 004] 53#F(UTC) A& 28
Baiknour $-F4lE o4 GLONASS-M 914 37]
5 F7IE #AlEglen, &3] GLONASS-K ¢
s 23 3 A9E 1 Agelnt. 19 2
o] GLONASS-K B4 =& Yely ot

GLONASS 9142 201192 512 dAdg st
35
=
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8 2 . GLONASS-K 24|

2] Alo} AH= GLONASS $14 9] dujdle} &
201392 Ex = FNHE ARFAIAIZE(SBAS,
Space Based Augmentation System) %-22] %] 94
(geostationary satellite) 37](Luch 4, 5A, 5B)E A}
g Algleltt. 16°E ol Wix=E Luch 5A% 20114
4S AlFsta dom, 95°Ed ®wx€ Luch 5B
2012 WALE Algsta 9ok Luch 4= 2013
o2 AFsta domn, 167°Eel wixE o g o]
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H 2 GLONASS 2d 8%

G

slot number GII;I?HI:I&%S 94 57 Launch date Clock A4 Ae

1 730 M 2009-12-14 Cs R

2 728 M 2008-12-25 Cs 2

3 727 M 2008-12-08 Cs A2

4 733 M 2009-12-14 Cs A

5 734 M 2009-12-14 Cs A

7 712 M 2004-12-26 Cs A

8 729 M 2008-12-25 Cs A

9 722 M 2007-12-25 Cs AAHL1 only)

10 717 M 2006-12-25 Cs 3%

11 723 M 2007-12-25 Cs 3%

13 721 M 2007-12-25 Cs 3%

14 715 M 2006-12-25 Cs R

15 716 M 2006-12-25 Cs RN

17 718 M 2007-10-26 Cs 2

18 724 M 2008-09-25 Cs A

19 720 M 2007-10-26 Cs A2

20 719 M 2007-10-26 Cs A2

21 725 M 2008-09-25 Cs A7
731 M 2010-03-02 Cs 34

22 726 M 2008-09-25 Cs (2ooslﬂ]o§%1~)
732 M 2010-03-02 Cs A

23 714 M 2005-12-25 Cs oty

24 735 M 2010-03-02 Cs 3

A uk 23kE o] & 7FA] S (Monitoring Center)S &
Ale} o] &] Ao Hx =2 dAetgitt. 2010 of =
g7t A Gl FAFE FIFR o, o]e} HEo] g
Ale} Aol 970, &lle] A Aol 574 o] o] A
& F7HE Ag o)t

3 GLONASS Al2=glo] 94 &8 ZAH o
2 A Z3ka k. EADL b whE o u Ao
2 A EFSEA 28 GLONASS &8 F%3}
3 9t} AAE Saransk A 9L oz L3 4
ol 3lF Al=®l 5391w, Ryazan A9
A5 89E VR BEFEEAH 100%, 482t
2 80%°l GLONASS =41 Zu] = xgz}o}?,ilﬂr. o
3k Motorola F &l GLONASS AlA & 331

s 1o, 2 Qo) $8E] T} oI ek

2.3 Galileo

SH A Galileo= 3719 ou)$AdS E3stk
3070 YA o= o] Fo) R Al AElS B R Fhar o)

[¢}

A% AR 56°01H, Al 23, 257kme} 23,222km,
TH F7] 1443 4. 75802 G439 Al Ee|t}, 20054
129 28 Al 914do] AL E Y
(1559~1594 MHz), E6(1260~1300MHz), E5a(1164~
1188MHz), E5b(1195~1219MHz) th4S
A g ek, FxA e ANHA = ZF7b GTRE+*(Galileo
Terrestrial Reference Frame)$®} GST*(Galileo
System Time)Z o]-&3lt} E1 5+ v /s Auj~
(Open Service)¢} PRS(Public Regulated Service)
g 2Hox 2181 d4eln, AR 1 SoL
(Safety of Life) XH|~=E I8t
ABE Aol B6 Foe 40
/\113]}\9} PRSE _E'_x% o7 /\}&51 oﬂx—l o]cq?
AR} 45 sld F=(Encrypted Ranging Code)

Message) &

on, Foh 4

A4 A H(Integrity

o] &g

?'SI—HJ

* The GTRF is specified to differ from the latest version of
ITRF by no more than 3 cm (20°).

# The offset of GST from its nominal value (TAI) is specified

to be less than 50 ns (20°) modulo 1 second over 95% of
any yearly interval. The uncertainty of this offset is 28 ns

o).
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E 3 Beidou/Compass 29 &g

5 Launch date Orbit A+
BeiDou 1A 2000-10-31 GEO 7
BeiDou 1B 2000-12-21 GEO =34
BeiDou 1C 2003-05-25 GEO 8%

BeiDou 1D/2A 2007-02-18 GEO B3
COMPASS-M1 2007-04-14 MEO %
COMPASS-G2 2009-04-15 GEO A%
COMPASS-G1 2010-01-17 GEO 3%
COMPASS-G3 2010-06-02 GEO 33

7} 39 o golt}. Eba Ty e An et
SoL Mu|~E 22 o2 3, A AR E £33t o
7go|t}. Ebbi= SoL AH| =5 EH o= i, 3y
WA X o} AN AW F3He o Ho|r},

A 94 F2 AlF 942 271(GIOVE-A, GIOVE-B)
2 Galileo A1=H19] A% 75, 25 A 2 54, Als
7%, ITU(nternational Telecommunication Union)
A% AZ ¥ 88t vk GIOVE-A2E 3
7F=2 @A Aoy GIOVE-B % 7l= 9l
sho] Jate]l A A il gtk GIOVE-A2% A7
t7]del oJg s 74 F 7 F3E EUHY
S E3 Galileo A2l Mu]2~ A& AES

EEE sk 9l

2.4 Beidou/Compass

2] YA FH A ~E 2l Beidou/Compasst %
71 M GAl T F QIEA G A F A1 FHA|
28 Beidou® 7|E o}, 20059 o] A Al
A AU ~E B-F 2351= Compass A28 2 23}
3}l 91t} Beidou/Compasss GEO(Geostationary
Orbit) 914 5701¢} IGSO(nclined Geosynchronous
Orbit) 143 371, “18]31 MEO(Middle Earth Orbit)
A8 277N = o] Fol Xl A ~’E AFSaL gt

A=A 55001, 1= MEO 21,500km, GEO
35,755km, IGSO 36,000kme]t}. T8 1(1559.052~
1591.788MHz), B(1166.22~1217.3/M), B3(1250.618~
1286.423MH2E- o185}, CGS2000¢ (China Geodetic
System 2000) #F3E A9} F=EFEA]** (Chinese

* Coinciding with ITRF at a few cm level

* Atomic clocks control center : Beijing

Coordinated Universal Time)Z A7 2 Al-&-3hc),
Beidou/Compss 91432 2000 1049 30¥ H=
WAL} o] Fol ] o] 3 AA7FA] 97 9] $1/d o] HALE]
At 944 = A2E 1 39 e Beidou
1B} 1D 94 9] 45 9 deirt 54, S
SollAe oH] fIHe2M 9 Frdsolgtal 4
3haL Qlou} vl Sofl A= HAL Aol S 2 A
2 gobstar givk i 3o vEbd 948 o]¢jel] 2010
| 79 319 2% 9A] 3024 (UTC) A HA IGSO
R8s WSk e, o gEE 20109 84 54
of Ak HSJell HIsR S LxTh 19 39
ol WA Compass 91731 IGSO 9178 AP S

ERH ST

WWW NEWS.CN

a8l 3. CHd B Compass 91M

WA FHE

& 4 Beidou/Compass 94L& ofrjo} x| AX

fe=]
o} Ao}, 1elal BFFA Mu]s gL s}
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I 9lem, 2012¢7kA 1070 9144& F7FE AL
sto] ofrjol HY& Yo ® Anj= HIE S
3t A & o]t} (Phase II). Phase II7} &4 € A +
94~ 1561.098MHz, 1207.14MHz, 1268.52MHzE A&
gk ool ¢4 7123t ule} 2o] Beidou/Compss+
A Al A A¥]2=(Phase [IDE HXEZ A28 S
shar Qltt. olgf gk EF o d3lo® 2005 WALE
FHA XS Compass-M1oz2 HHIy FAd

o]z Beidou 9143 98 FAEE wix|st3ith
Phase II[< 20209& %2 slal 9o, 44
9 F3= 157542 MHz, 1191.795MHz, 1268.52
MHz A3 o g o]t}

2.5 QZSS

QZSSE 9] A9 AT HAIAHOZA, &=

AA oMo &g AdE BFS HHo=R 3l

Utk 4 =AAG] A 15 AP o] EH Q)
AP R EErt A3 HojxH, o]
Hekel7] $13ke] v QZSSE

47°, 3% 42,164kmol A 24X 712 A=

| Foltt. QZSS AEE GPSe A3 s3to] 7%
ot g A5 9 WA-DGPS H. 741 5 (Wide-Area D
ifferential GPS Augmentation Signal) L1-SAIF*E
AFE AFoeln, Fua== L1-C/A(1575.42MHz), L1
A(1575.42MHz), 1L2C(1227.6MHz), L5(1176.45M
Hz), E6(1278.75MHz), L1-SAIF(1575.42MHz), L
EX#*(1278.75MHz) & ©|&& of|Holt}t. HuxAl=J
GS**(Japan satellite navigation Geodetic System)
= A3},

AR AHE = QZSS9 itz GPS-QZSS A%
9 7hed GRE st v-d Ao 7] 23}

*  L1-Submeter-class Augmentation with Integrity Function
(Note: Compatibility with GPS-SBAS)

* Experimental Signal with higher data rate message (2Kbps),
Compatibility & interoperability with Galileo E6 signal

=+ The coordinate system offset with GPS (WGS84) is less than
0.02 [m].

AgH o g GPS AAZ wshaL 915}. 19984,
n|-<] GAFs ol A GPSol| tlsk S ol Bk
TEAAEE TR o, ZOOMH B - okt
ZF GPS dE3lo) & A& o8 JfHska Ut 1

|

dgto & 20068 QZSS F31 7] Akl
o

) O}C’ﬂq

AA L Az el ﬂrﬁ ]% HHES g3t gl
olglgt -4 7= JFHS v e ® 2010d 9¢

11¢ 24 8A] 17%(JST), Tanegashima $-FAl

~

ElA 3 HA QZSS 917421 'Michibiki' 7} AL
e 2010 9¢ 27¢ 24 64 28F(JST)7A
HF —frft 4 AE 2AHAE ATHoR SRt
dE GH= DA £ 3ol 1d o] A% S
S ded Aoy, 20139 A AE S B
3Fal lth. 'Michibiki' 91449 AlZe} A= AHE
a3 13 40l et

a8 5 "Michibiki’

AN A

E 4 'Michibiki’ 214 A= &

Finalized Orbit

Apogee altitude 38,950 km

Perigee altitude 32,618 km

Orbit inclination 41.0 degrees

Period 23 hours 56 minuets

0.03 degrees/day

Drift rate (to east direction)
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o] =iEoll A= W] GPS, #lAloke] GLONASS,
99 Galileo, &2 Beidou/Compass, “1&]al
AR QzSS| 3 Aot A, & A3} 1y
I A FAE YT AR A A o s}
A B9kt

A YAdFHA 2~ St Ao 3}
oF Z2} A" R o] A AL gtk Z1E QL
A kgH oz EFHE 59 GPSE =F3
A"l S5} Q= A NHS g8k 4@
ALS FH37] AlFeRgl o, o] gf tjEo] 24
o} 9JA] GLONASS?| &uiglel 44 A% 7ol
wag 7hebal g
Galileo®} Beidou/Compasso} &2
Al 2=8E st glom, i A
g AAE Tt A 52 94
< Al Eekit
ol o] TP AF ]
TS Aty g hite FH <l
AR oA & thFo] B2 YA 21

o > R

ek EF FHAYH Fae) M

18] ar S
NSt lom, o] & Fate] IA| Mol Ae 5
loll $-2 1}

g5k A4 ole] &S ek Ark. o
J

e oA ERHQ SAPHA LY AT B 7]

o]
Sl

% Agol Yo g Ao ped
60 =]

et FESFINEe WA 53} g
ShEelol Mol 714 Al 2E Alofeh g AEES
o2l 7140l ZBHEA WA ATk, EF S5
1T 7123 AAAQ S50 AP LS
#aha olvh olel @ 1% S Yo % 914
A2 L RGNS A FS A TA
Aol A5 Aoz HHv, o] % Eako A4
Wy wokel 1% A T FHoRAY 9%
ol Zshel o weker)
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