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[4] 0,5 Siw (gla by )y NNR- NUVEL-1A o 055,05 celaiolyly —all =) Jgas

a3y pls §2, (masly) §2, (nasfy) Q. (masly) ||Sli] (masfy)
Alrica ] 0.1837 -0.4392 0.8090 1.047283
Antarctica —0.1693 -0.3508 0.7644 0.857912
Arabia 1.3789 =0.1075 1.3943 1.963923
Ausiralia 1.6169 1.0569 1.2957 2.325992
Carihbean =0.0367 —0.6982 0.3261 0771473
Cacos -2.1503 ~-4.4563 22534 5.436930
F.urf\sia —-0.2023 —0.4940 0.6503 (.841339
India 1.3758 00082 1.4005 1.407265
Nazca ~0.3160 —1.7691 1.9820 2.675424
North America 0.0532 —0.7423 -0.0316 0.744874
Pacific 0311 09983 -=2.0564 2,307036
South America —0.2141 -03125 =0.1794 0419141
lm'lppinc.\ 2.0812 — 14768 —1.9%46 3.238944

ITRF2000 § APKIM2000 NNR- NUVEL-1A (¢la Jao Jol cdad elo o)l — =) Jois

[5]

Pl ITRF2000 APKIM2000.0 NNR NUVEL-1A
e o[ Ap) o [Ma] B[ Apl oMal | @[ Al @Ma]
Africa 510+ 06 2747+ 13 0271+0003 | 527+ 06 2768+ 15 0269+0.003| 506 286.0 0.291
Somalia 454+ 47 2692+ 98 0290+0.027 | 478+48 2674+ 87 0292+0.026| 506 286.0 0.291
Antarctica 617+ 07 2313+ 12 0218+0005| 632+12 2315+ 24 0243=0.011| 630 2442 0238
Arabia 512+ 26 3536+280 0472+0127 | 51.8+28 350.7+387 0467+0.155| 452 3555 0546
Australia 326+ 03 381+ 06 0622+0003 | 344+03 369+ 06 0619+0.004| 338 332 0.646
Caribbea 350+ 4.0 2683+ 87 0.208:0073 | 46.3+£80 251.7+30.8 0.191+0.068| 256.0 267.0 0.214
Eurasia 562+ 0.3 2586+ 05 0253+0001 | 57.9+06 2629+ 09 0259+0.002| 50.6 247.7 0.234
Asia 525+ 48 2583+ 53 0316+0004 | 687+ 11 2101+11.7 0368+0.017| 506 247.7 0234
India 509+ 15 118+ 62 0.521=+0.015 455 03 0545
Nazca 421+ 14 2579+ 04 06470008 | 448+ 18 2628+ 0.7 0644:0014| 478 259.9 0.743
N.America 47+ 05 2762+ 03 01930002 | -24+08 2808+ 04 0.198+0.002| -24 274.1 0.207
Pacific 634+ 06 891+ 14 0674+0.012|-65.2+02 1071+ 14 0658+0.003|-63.0 1073 0.641
S.America -189+ 1.7 2276+ 32 0.115+0.002 | -21.7+ 20 2307+ 52 0.092+0.003|-254 2356 0.116

[6] NNR-NUVEL-1B s NNR- NUVEL-1A (le Jao gl odad (clo yzoll =z =\ Jgi

Plate NNR-NUVEL-1A NNR-NUVEL-1B
2("/Ma) A () () £2(°/Ma) A (%) e (")

Africa 0.291 —74.0 50.6 0.291 —73.591 50.640
Antaretic 0.238 —1158 63.0 0.238 —115.261 63.222
Arabia 0.543 —4.5 45.0 0.544 —4.437 44,935
Australia 0.046 33.2 33.9 0.647 33.154 33.800
Caribbean 0214 —93.0 25.0 0214 —92.627 25.135
Cocos 1.510 —1158 245 1.500 —115.758 24.526
Eurasia 0.234 —112.3 50.6 0.234 —111.889 50.806
India 0.545 0.3 45.5 0.546 0.348 45.432
Nazca 0.743 —100.1 478 0.743 —99.962 47.850
North America 0.207 —85.9 24 0.207 —85.540 —2.299
South America 0.116 —124.4 —253 0.115 —123.920 —25.341
Philippine 0.900 —354 —38.0 0.900 —35.319 —37.948
Pacific 0.041 107.3 —063.0 0.641 107.041 —62.990

* £2 is the rotation rate, and x and @ are the longitude and latitude of rotation pole, respectively.
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IERS Reference Pole (IRP)

z
AVGE 84

Earth's Center

of Mass

Y wes 84

WGS 84 claiw olKuwd iy y2i =1 6,5

3l oad (Byme g el ) 2o 4 o WAS-84 codn  bgwye (Sujid g (oot (ol el e

[14]

Parameter Notation Value
Semi-major Axis a 6378137.0 meters
Reciprocal of Flattening 1/f 298.257223563
Angular Velocity of the Earth o) 7292115.0 x 10" rad/s
Earth’s Gravitational Constant GM 3986004.418 x 10" m’/s”
(Mass of Earth’s Atmosphere
Included)
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oKy Claisw Jbop X, Jol oliiwd o Glaie jap X (Slaiw oK ¢ law > Glaie
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Al cons oy Al g AL (A@ polas s 0 Molodensky sjluliwl (gl Jge,8 3l eslawl b
T14] 3,90 conts 5 i &0 yio g (Lo

Ad” = {- AXsin 6 cos A - AY sin ¢ sin A + AZ cos ¢ + Aa (Ry e’ sin ¢
cos d)a + Af[Ry (a/b)+ Ry (b/a)] sin ¢ cos ¢} « [(Ry+h) sin 1”]7]

AL =[-AXsin L + AY cos A] « [(Rx + h) cos & sin 1”]7] (VV)

Ah =AX cos ¢ cos A + AY cos § sin A + AZ sin ¢ - Aa (a/Ry ) + Af (b/a)
Ry sin® ¢
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Ol 2! 3 ITRF2000 g WGS-84 po Jsod
2 eyl p o955 4w 4y pgwge (olpl GPS @3l (slo olunl aSied (Il & (St 1 (S5
olSius] (ol ITRF2000 Glasse  Slysted pac aing aslge 1 b Jlpes lb 7yl 5 (wlige sy
&5y lym (e 0,5 (i jolog yme Bl i 5l WS pl wis a 0e WGS-84 claiw L a
St ) g dciwle Slasw olSiwd 93 (pl o b ol ps B Al a8 5 puoual 39350 o SIS
ks el b )9S ()l 4l lojl 3 S yide IS S bawg lul (pe S 18 )8
S e L colys opl [17] el jlas] g duwlbre WGS-84 4, ITRF2000 5 - 5,18 ©laises
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Sidal Cawds ¥ gan ollas ( o)pl 55 (ol @5 b) lasse olSiwd ¢3 )3 S yuie ol Y5 )

[17] o) > WGS-84 & ITRF2000 a5 el ys ¥ Jsis

O Shift dX 0.551 0.0028 m
U ShiftdY -0.373  0.0028 m
U Shiftdz -0.817 0.0028 m
0  Rotation about X -0.001063 0.0013 ["]
U Rotation about Y 0.009047 0.0016 ["]
O  Rotation about Z -0.011414 0.0014 ["]
O Scale 0.004874 0.0050 [ppm]
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[19] & e

JD = INT[365.25y]+ INT[30.6001(m + 1)]+ D+ UT /24 +1720981.5 (Vo)
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y=Y and m=M if M>2
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a = INT[JD +0.5]
b=a+1537

¢ = INT[(b—122.1)/365.25]

d = INT[365.25¢]

e = INT[(b—a)/30.6001]

D =b—-d - INT[30.6001e]+ FRAC[JD +0.5]
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Y =c—4715— INT[(7 + M)/10]
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Mo Jgome w5t b I bls)l 5 ¥+ 8 Jlo sl GPS sii - ¥ Joi»

2009 GPS CALENDAR 2009

GPSwk Sunday Monday Tuesday Wednesday Thursday Friday Saturday
0 1 2 3 4 5 6
1512 1 JA 001 2 JA 002] 3 JA 003]|

1513| 4 JA 004|] 5 JA 005| 6 JA 006| 7 JA 007| 8 JA 008 9 JA 009|110 JA 010]
1514| 11 JA 01112 JA 012]13 JA 013[14 JA 014]15 JA 015|116 JA 01617 JA 017|
1515] 18 JA 018]19 JA 019|120 JA 020]21 JA 02122 JA 022]23 JA 02324 JA 024
1516| 25 JA 02526 JA 026127 JA 027]28 JA 028]29 JA 029|330 JA 030|131 JA 031]
1517 1 FE 032] 2 FE 033| 3 FE 034| 4 FE 035| 5 FE 036| 6 FE 037| 7 FE 038]
1518 8 FE 039] 9 FE 040|110 FE 041|11 FE 042|12 FE 043|13 FE 04414 FE 045]
1519] 15 FE 046|116 FE 047|17 FE 048|18 FE 049|19 FE 05020 FE 051|21 FE 052]
1520| 22 FE 053123 FE 05424 FE 055/25 FE 05626 FE 057[27 FE 05828 FE 059]
1521 1 MR 060| 2 MR 061| 3 MR 062 4 MR 063| 5 MR 064| 6 MR 065| 7 MR 066/
1522 8 MR 067] 9 MR 068|10 MR 06911 MR 070|12 MR 07113 MR 072|14 MR 073]
1523| 15 MR 074]16 MR 075|17 MR 07618 MR 07719 MR 07820 MR 079|21 MR 080]
1524| 22 MR 081123 MR 08224 MR 083]25 MR 08426 MR 085[27 MR 08628 MR 087|
1525 29 MR 08830 MR 08931 MR 090| 1 AP 091| 2 AP 092| 3 AP 093| 4 AP 094
1526 5 AP 095] 6 AP 096| 7 AP 097| 8 AP 098] 9 AP 09910 AP 100|111 AP 101|
1527| 12 AP 102|113 AP 103|14 AP 104|15 AP 105|16 AP 106|17 AP 107|18 AP 108]
1528| 19 AP 109120 AP 11021 AP 111|122 AP 11223 AP 113[24 AP 11425 AP 115|
1529| 26 AP 116127 AP 117|128 AP 118[29 AP 119|30 AP 120| 1 MY 121| 2 MY 122]
15301 3 MY 123| 4 MY 124| 5 MY 125| 6 MY 126| 7 MY 127| 8 MY 128| 9 MY 129]
1531 10 MY 130111 MY 131]12 MY 132|13 MY 133114 MY 134|15 MY 135|16 MY 136|
1532 17 MY 137(18 MY 138|19 MY 13920 MY 14021 MY 141[22 MY 142|23 MY 143|
1533| 24 MY 14425 MY 145|126 MY 146[27 MY 147128 MY 148|29 MY 149|30 MY 150|
1534 31 MY 151| 1 JE 152| 2 JE 153| 3 JE 154| 4 JE 155| 5 JE 156| 6 JE 157|
1535 7 JE 158| 8 JE 159] 9 JE 160[10 JE 161]11 JE 162|12 JE 163|13 JE 164|
1536| 14 JE 165|115 JE 16616 JE 167|17 JE 16818 JE 16919 JE 170(20 JE 171|
1537| 21 JE 17222 JE 173123 JE 174|124 JE 175125 JE 176|26 JE 17727 JE 178]|
1538| 28 JE 179129 JE 180|130 JE 181| 1 JL 182| 2 JL 183| 3 JL 184| 4 JL 185|
1539| 5 JL 186| 6 JL 187| 7 JL 188| 8 JL 189] 9 JL 190|10 JL 19111 JL 192]
1540| 12 JL 193|113 JL 19414 JL 195|15 JL 19616 JL 197|17 JL 19818 JL 199|
1541 19 JL 200|120 JL 201121 JL 202|22 JL 203123 JL 204|24 JL 205|25 JL 206|
1542| 26 JL 207127 JL 20828 JL 209(29 JL 210|130 JL 21131 JL 212| 1 AU 213|
1543| 2 AU 214| 3 AU 215| 4 AU 216| 5 AU 217| 6 AU 218| 7 AU 219| 8 AU 220|
1544 9 AU 221110 AU 22211 AU 223|112 AU 22413 AU 225|14 AU 22615 AU 227|
1545| 16 AU 228|17 AU 22918 AU 230[19 AU 231|20 AU 232|21 AU 23322 AU 234|
1546| 23 AU 235124 AU 23625 AU 237[26 AU 23827 AU 239(28 AU 24029 AU 241|
1547| 30 AU 242|31 AU 243| 1 SE 244| 2 SE 245| 3 SE 246| 4 SE 247| 5 SE 248]|
1548| 6 SE 249| 7 SE 250| 8 SE 251| 9 SE 252|10 SE 253|11 SE 254|12 SE 255]|
1549| 13 SE 256|114 SE 257|15 SE 258|16 SE 259|17 SE 260[18 SE 261|19 SE 262
1550 20 SE 263121 SE 26422 SE 265|23 SE 26624 SE 267[25 SE 268|26 SE 269]
1551 27 SE 270128 SE 27129 SE 272|30 SE 273| 1 OC 274| 2 OC 275| 3 OC 276/
1552 4 oC 277| 5 OC 278| 6 OC 279| 7 OC 280| 8 OC 281| 9 OC 282|10 OC 283]|
1553 11 OC 28412 OC 285|13 OC 286|14 OC 287|15 OC 288|16 OC 28917 OC 290]
1554| 18 OC 291119 OC 292120 OC 293[21 OC 29422 OC 295[23 OC 29624 OC 297|
1555] 25 OC 298126 OC 29927 OC 300[28 OC 301|29 OC 302[30 OC 303|31 OC 304|
1556 1 NO 305| 2 NO 306| 3 NO 307| 4 NO 308| 5 NO 309| 6 NO 310| 7 NO 311|
1557| 8 NO 312| 9 NO 313|10 NO 314|11 NO 315|12 NO 316|13 NO 317|14 NO 318]|
1558| 15 NO 31916 NO 320]17 NO 321[18 NO 322|119 NO 323|20 NO 324|21 NO 325|
1559| 22 NO 326123 NO 32724 NO 328|25 NO 329|26 NO 330[27 NO 331|28 NO 332]
1560| 29 NO 333|30 NO 334| 1 DE 335| 2 DE 336| 3 DE 337| 4 DE 338| 5 DE 339|
1561| 6 DE 340| 7 DE 341| 8 DE 342| 9 DE 343|10 DE 344|11 DE 345|12 DE 346/
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Perturbation Acceleration Effect on the orbit

m/s’ 2" orbit 3-days orbit
Central force (for comparison) 0.56
Cao 5.107° 2 km 14 km
Further harmonics 3.1077 50-80 m 1001500 m
Solar & Lunar gravitation 5-107° 5-150 m 1000-3000 m
Body tides - 1077 - 0.5-1.0 m
Ocean Tides [-1077 - 0.0-2.0 m
Solar radiation pressure 11077 5-10 m 100-800 m
Albedo 1-1077 - 1.0-1.5m
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et al., 1985)

Element C>o Higher order Sun  Solar radiation

geopotential  Moon pressure
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{sec of GPS week, derived e.g.
from Z-count in Hand Over Word (HOW)

Fit interval

{hours)

(see ICD-GPS-200, 20.3.4.4)
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| TABLE A4

| GPS NAVIGATION MESSAGE FILE - DATA RECORD DESCRIPTION

! OBS. RECORD | DESCRIPTIOR ! FORMAT
JPRN / EPOCH / SV CLK{ - Satellite PRN number | 12,

I | - Epoch: Toc - Time of Clock |

| i year (2 digits, padded with 0 |

| | if necessary) i 1x,12.2,

| | month 1 1X,12,

I N -day | 1%, 12,

] ! hour | 1X,12,

| | minute | iX,12,

| | second I F5.1,

B | - 8V clock bias {seconds) { 3D19.12

| | - 8V clock drift (sec/sec) |

| | - 8V clock drift rate {(sec/sec2) |

| BRORDCAST ORBIT | - IODE Issue of Data, Ephemeris } 3X,4D19.12
§ | - Crs (meters) I

1 ] - Deltan (radians/sec) |

| | - MO (radians) ]

| BROADCAST ORBIT | = Cuc (radians) | 3X,4D19.12
1 | - e Eccentricity i

| | = Cus (radians) {

| | - sqrt(a) {sqrt(m)) |

| BROADCAST ORBIT | - Toe Time of Ephemeris | 3X,4D19.12
| I (sec of GPS week) |

] } - Cie (radians} 1

] { - OMEGA (radians) 1

i | - CIS (radians) ]

| BROADCAST ORBIT | - i0 (radians) | 3X,4D19.12
I | - Crc (meters) I

{ | - omega (radians) |

{ | - OMEGA DOT (radians/sec) I

| BROADCAST ORBIT | - IDOT {radians/sec) | 3%,4p19.12
{ | - Codes on L2 channel i

I | - GP3 Week # (to go with TOE) 1

| | Continuous number, not mod(1024)! |

i |-=- L2 P data flag |

| BROADCAST ORBIT -~ 6| - SV accuracy {meters) | 3X,4D19.12
| | - SV health (bits 17-22 w 3 sf 1) |

i | -~ TGD {seconds) |

{ | - IODC Issue of Data, Clock |

{ BROADCAST ORBIT | - Transmission time of message *) | 3%,4D19.12
| | I

I I 1

| | |

{ | I

| I |

i | I

[ | |
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