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Abstract

Even though there are several Global Navigation Satellite Systems under develop-
ment, only GPS and GLONASS are currently available for satellite positioning. In
this study, GLONASS orbits were predicted from broadcast ephemeris using the 4th-
order Runge-Kutta numerical integration. For accuracy validation, predicted orbits
were compared with precise ephemeris. The RMS (Root Mean Square) and maxi-
mum 3-D errors were 14.3 km and 17.4 km for one-day predictions. In case of 7-day
predictions, the RMS and maximum 3-D errors were 15.7 and 40.1 km, respectively.
Also, the GLONASS satellite visibility predictions were compared with real observa-
tions, and they agree perfectly except for several epochs when the satellite signal was

blocked by nearby buildings.
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A A NARR 2457 9= AT PAAH 0 2 2= n]Z 2] GPS(Global Positioning Sys-
tem) &} 2 A]ele] GLONASS(GLObal NAvigation Satellite System)7F 1o, £71d o3 #72
Galileo, % =2] Beidou/Compass, ¥ E2] QZSS(Quasi-Zenith Satellite System)5¢] 7JL= 1 9
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2. GLONASS 72

GLONASS®= el Alofoll A A wstel £938hT gl YA~ 0 24 PSS} A7 2 2
Aol FAA BAo 1970d 0] FHEE Aws ] ARsck 1982d A WA 4L el
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£ 1. PZ-903) WGS84 FE A stelulele] zbol.

“e}o) B PZ-90 WGS84
AF 58 A @ 3.9860044 x 10m3/s2  3.986005 x 1014m3 /s?
23 34 aE 6378136 m 6378137 m
A7 HBE f 1/ 298.257839303 1/ 298.257223563
A 27l F 24709 A4 29 Ao 19969 247he) gl BF AAH 2R e

W 7F AL AT 2 Aloke] AA A o]H 9} 4431 24 5o ol f = A A4 7 HH £4
(453 £ 2005, @71< 9 2007). 1 T 2jAlol= GLONASSEI skel Aad RS 93
GLONASS-M Z2a#d-S A&ste] 2011 nFels B8 2280 gon, 2 3 Wx] 4o
2003 129 ) FAE Atk 2008 129 259 LAFE GLONASS-M 37] 914 R03(727), R02(728),
R08(729)2] tlolHE AT 4= 22 2009 d 2% Fl3tH A CGLONASS-M 9A L & 19717}
= 3lth. GLONASS-M 197], 71&2] GLONASS 9]4 1712 €Al & 207)9] A28 TA 21 4
7b F7bele] 4532 9ok RO6(701)2 2000 19 129 FAI7} L4ste] A Aul Zo 9
o, R09(722)+ & HI YA diojg oj4foz Abgo] E753 Aol Aol
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3708} A= ol ztzh 7719) 9143 A n A 17]7F i ) E o) o, AE FALZHS 64.8° ]
o] 15+ GPSHETE 9b7F v 19,100kmo] T 2 F7)= 11417 158 44X oo} xﬂo1$§
ubel] )25 A A-A A ME](SCC, System Control Center), % 5 7] = (Central Synchronizer),
479} TT&C(Telemetry, Tracking and Control)® A4S 9lon], 5712 # o)A &34 (Laser
Station)ol A TT&CY I&L 7R oz RHesly Q) AlAadAg o] M oA GLONASS Al A8
= FA, Ao, £ 5= E 449 AS A4 2 2 (phase offset) & AHES T o 23}
dE ok 283 TT&CHM = A48 34, TUHP T 42 doHE Afshs 9T
3 st oh(Hofmann-Wellenhof et al. 2007, 73 ¢1 2009).

GLONASS= GPS% &9 del= $4atA 72F 8 AL 2 AA 7 ch27] af-2of &7
ARgot7] S 1 Zpe]E ZEls) Fojok Fhrl. GLONASSY 1%437#@ PZ—QO(Parametry
Zemli 1990) =3 7 o] o, GPS+= WGS84(World Geodetic System 1984) & A 71 & oot 5 & F A
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# 2. GLONASS W72 sla}ul g,

#7] U8 g
1D $14de PRN ¥is -
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Tn A AA 22 sec
Trn,Yn,2n HE HE km
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Axpe} Fohpol AL 9lrk. GLONASSS Alzbak g4 Al A A (UTC, Universal Time Coordi-

nated) Abe] 2] &A= 4 (2)2F 2t Rofbach 2000, Hofmann-Wellenhof et al. 2007, ICD-GLONASS

2002'), Coordinational Scientific Information Center Russian Space Forces, Moscow). GLONASS
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ICD-GLONASS 2002, GLONASS Interface Control Document (version 5.0), Coordinational Scientific

Information Center Russian Space Forces, Moscow
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! TABLE A12 i
1 GLONASS NAYIGATiON NESSAGE FILE - EXANPLE |
*

e frne] | @ 2] G | o 3] Gomnf o] B | 2] oo | = m B ] G | =T B | B

2.10 GLORASS HAV DATA RINEX YERSION / TYPE
ASRINEXG ¥1.1.0 VR AlUB 19-FEB-98 10:42 PGN / BUN BY / DATE
STATION ZINMERWALD CONMENT

1998 2 i6 0.378573610443D-08 CORA YO SYSTEN TINE

END OF HEADER

398 215 015 0.0 0.163525342941D-03 0.363797880703D-11 0.108000008000D-05
0. 1082759033200+ 05-0. 348924836841 0+00 0.931322574618D-09 0. 000000000000D+00

~03. 94442207031 3D+04 0. 2881633758540+01 0. 9313226746150-08 0. 210000000000D-02
0.2122572802730+06 0. 1445893423460+01 -0, 1862645148230-08 (. 3000000000000-01
488 215 015 0.0 0.1795580382570-03 0.836646281241D~11 0.122480008000D+05
D.562136621 0940+ 04~0. 20807489 77660+00~0. 831 32287461 50-08 0. B0000DO0LGO0D>00
-0.236819248047D+05 0.102263258888D+01 0.931322574615D-09 0. 120000000000D+02
0.762502910156D-04 0. 3D92579078670-01 0. 00000D0000B0D-00 0. 300000000000D-G

11 88 215 015 0,0-0.558808686376D0-04-0.272848410532D-11 0. {08600000000D+05
-0. 3503484375000+ 04-0. 2553251 266480+01 0.9313225746150-05 0. 000000006000D+00

0. 1088037548830 05-0. 1829235076900+01 0. 800008L00000D+00 O, 400600000000D+01
0.2287628584450+05 0. 447068439371 9D+00-0. 18626451 4923008 0. 300800000000D+01

12 98 215 0 15 0.0 0.193414789877D-04-0. 181838340355D~11 0. 148300000000D-05
0. 131731 8B1640BD+05-0. 1439458986020+01 0. 3726259029846D~-08 {1, 000000000000D+00
0,171 14871 58200-06-0. 1189379652080+-01 0. 93132257461 5D~08 0. 2200000000000-02

0. 135737918922D0+-05 0. 2689760871 070+01 -0, 83132257461 50~09 0. 3000608586000D+01

——me = [0~ ===2§ 0= ——=3] B~ 4] O] —5] O~ ~—61 B} ——=7| G- B
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(4)92} Zoh(RoBbach 2000, ICD-GLONASS 2002).
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Position Error [km]

a9 2 BHEAEHL 0] 23 GLONASS 79 &A= 48 24-PRN 13. (a) X H# 2.4, (b) Y FE LA,
(¢) Z FAELA

3D Position Error [km]

19 3. YEAEEL o]83 GLONASS 7¢ o&HA %= 329 L A-PRN 13.

gtk o] Lol Bgat Fol Aol A A DA Ykow, AR DAL 022 I
sk

4. GLONASS {Mo| oSz e HI}
GLONASS o2 A5 9 Agx gyt olefjol 2o oz st WA 2008 99 179
e r e o] &5lo] 99 18YHE 4Y7HA] & 7479 9 & d
olE{7} 1568 7HAL R FojX 7] g Eol AT AlHoM HE vuvt FteEESR ffﬂ‘;L 2] 1EM]
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Position Error [km]

2% 6. BEAELELS o] 23 GLONASS 79 &A% 4% 2 4-PRN 23. (a) X HESA, (b) Y HEL A,
(¢) Z HE2A.
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3D Position Error (km]

0 2 4 6 8 10 12 14 16 18 20
Day

29 8. UEAEHE o] &3 GLONASS 204 &A% 329 2a-PRN 24.

£ 3. YEA5EL o] 8% GLONASS &A% 3449 23 54,

AAaA  Hth(km) RMSE(km)

1 17.4 14.3
2 21.0 13.9
3 25.1 13.8
4 29.3 14.0
5 34.4 14.5
6 37.7 151
7 40.1 15.7

39149 X, Y, Z %8 HELN 3309 248 vehdch o] A A g 94
Hol 2R 12) A4 ToIA 34U L7 Shshe BFE vehd A4 e
A%E Uerd 9149 ASs 4, 223 gastort Fobeke

o] s 2702 2R AR 0B vhehyh

Aol HIR APAG B4 A9 0 M7k Fashs ZFE BYH PRN 2439 209 o 2
AES 4451 349 LAE HEHAHIY 8). 2 B, A A7 Faste FFo| A5He
2 tehtbe Aol ohue A A BAbdS BASterh ool @ Wals AR TS e
2ol ohd AR Ao gua

2 3& BEASAE ASofel D2 124 A 59 A3ALA A2 3 339 93ke] BAE tebd

Zelth 127 Aol et 349 2242 Aok RMS 248 19 R 74704 38k ehi gl
ouf o] Tl Al7te] A}gtol Wit e 2} wistsle A S & J shgdet & 3o)A] HEol 1Y A
FE 79 B3 T 127 AAY dEAEAA deEY Ao 47 42 17.4km, 40.1km =2 Ve
o, RMS 222 a3 14.3km, 15.7km & vhebytel oA A5 E wpe} go] BE A4doA 2

g ZUbee Yol Vehd Aol o) af Foll, Alzke] Aol whel RMS @xb2) A7t 4
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