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0 0 1
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_x«_glsaw_u &5 el Ll k_gw\ﬂ_gJAJJw)\}cJ}J L5 b awa ©la el b

¢ = orbital semi-major axis
= |'|,'|"|‘11‘f1‘i|'i?l‘.\'

i = inclination

» — argument of perigac

§

- Satellite| € = arg. ascendiug node (Ares)
T M 7 Perigee A= arg. ascending node (Greenwich)
- T' = perigee passing time

~
F

M = mean anomaly
V' = true anomaly
# = sidereal time

¢ " ! Ascending node
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z MNAVIGATION DATH RINEX VERSION / TYPE
DSNFP TO RINEX D.S.N.FP. Od4—fug—-07 21:45 FGM / RUMN EBY / DATE
4. 6566009 1.4901D0-05 —-5.9605D-08 —-5.9605D-08 ION ALPHR
7.7824D+04 4.9152D+04 —-6.5536D+04 -3 .2768D+05 ION BETAL
3.7Z25290298462D-09 1.1546319456100—-14 147456 1558 DELTA-UTC: A0, A1, T, W
14 LEALAP SECONDS
END OF HEADER
=] 4 11 59 44.0-1.175501383841D0-04-1.4779288903810-12 0.000000000000D<+00
.030000000000D+02 7.656250000000D+00 4.2869647001130-09-5.103477026475D-01
LF194619178770-07 1.001857209455D-02 6.9253452019692D-06 5.15356850531891D+035
. 615540000000D+05 3.166496753693D-08 2.1304659233490+00-1.756139343262D-07
LY901117992820-01 2. 57537500000000+02 2.7Y9530800530260+00-5.0853536786731D—-09
»S5823935729220-10 1.000000000000D04+00 1.4350000000000+03 0.000000000000D+00
0000000000000 +00 0.00000000000004+00-3 . 7252902984620 -09 1.0300000000000+02
0000000000000 +00
1= 4 1z o 0.0 1.0568741708990-04 4.5474735088650-13 0.000000000000D+00
. 8000000000000 +01-3 .9534375000000D0+01 4.53859057236350-09 2.7836825363855D+00
LO04Z061805730-06 7.498249527999D0-03 5.168540289116D-06 5.153670185059D+03
6160000000000 +05-5.3581903171539D0-05 1.318043692667D-02—-1.154539992523D-07
LES3IZESEYTES3D-01 2.848750000000D04+02 4.999576064679D-01-5.09745801496940-09

a8 ?
1
=1
5
El
z
=1
a
7
1
=1
5
El
—2.05365697162680-10 1.0000000000000+00 1.4350000000000+03 0O.000000000000D+00
2
a
7
1
1
=
El
1
=
=)
?
El
1

10

.8000000000000+00 0.000000000000D+00-2.3283064365390-09 2 .740000000000D+02
000000000000 D+00

5 4 1z 0O 0.0 1.955246552525D-04 3.06595446154540-12 0.000000000000D+00
. 5100000000000 +02-2 .9156250000000+01 3. 6333 65629977D-09 2.539981172297D+00
522561602523 0-06 3.4258139374592D-03 2.6056610345540-06 5.153574547357D+03
LE150000000000+05-1.862645149231D-08 1.073073771015D+00-1.0430812835690D-07
.S47227708819D-01 2.086562500000D0+02 1.4009533401650+00-7.6010305899161D-0%9
LETS6413507220-11 1.0000000000000+00 1.4330000000000+03 0.000000000000D0+00
0000000000000 +00 0O.0000000000000+00-1.1175570589539D0-058 4.170000000000D+02
000000000000 Dn+00

=] 4 1z [u] 0.0 5.892757326365D—-05-1.2505552149350-12 0.000000000000D+00
LFO000000000000+01 2.0343750000000+01 4.239105147173D0-09 2 .995258966836610+00
.177191734314D-06 2.555857019313D0-03 1.105293631554D-05 5.153655628476D+03

13

17

“00 0900 5O Adld (il DS — e (39,0 50 P (Sed € 22385 9 e Lug S pas <
(Non-sphericity of the Earth and non-homogeneous mass distribution)

oJlsale il 5l adl (g9, Jlasl azeis )5 5w yo> g ole ooy 4 05 glows gl joa> <
oS e e

(Gravitational Effect of the other celestial bodies, for example Sun and Moon)

(Earth T|de) ) b»\-l-»é)—& 9 M—L& ‘_ngb e g, <

s (Solar Radiation Pressure) (cosie> oluiass ol o o> 8 slag,s j1 <
(Atmospheric Drag) s> S Skl

r(t) =zt alt) e(t),u(t), Qt), w(t), T)

S
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(Perturbation) (wlicsl Juise i & w0 51 550 damlio

(GPS poiwsw 30) b igole 5 lo0 &5 3> p

Perturbation Acceleration | Orbital effect

m_,.-"'.n“’ in 3 hours in 3 days
Central force 0.56
(as a reference)
Cap 5.1075 2 km 14 km
rest of the harmonics 3107 50-80 m 100-1500 m
Solar + Moon grav. 51078 5-150 m 1000-3000 m
Tidal effects 1.107¥ - 0.5-1.0 m
Solar rad. pressure 11077 5-10 m 100-800 m

85 S5 10 b e oyighle (5 e Cumdgo (s

sl 325 (5,500 Sledbl (55l> (5 5L plingy (5l slayzally 2 ogdle 58 o alimdlo aSy ok <
5 B Jelse (F 5l (B0 Sl cnl s anulone (Gl Ll S 4 a5 (S ale
313 0929 (35S (3l s

J8 lase glagel Jalge ads (235 i 55 pilias b ojlsale (gl Codge 385 dnlne <
Mol |5 cpl ol Jo g dlgeyd g2 50 dllie LIB o a5 coul el J& lae G5l e
Cul pawge Orbit integration 4,

LI Loy, ol sl 438l dnsgs e cnl o (61 hlidio (Lo 5 so0e (slady, 98 b <
aily (oo Eou onl 4 plaieddle .l g5l 3 cnl dhoga I Ll (o 9 0092 oazm L
S anzle 5 gl LS 4 e Glgie 4

1. Seeber G. (2003), Satellite Geodesy, 2" completely revised and
extended Edition, Witer de Gruyter.

2. Montenbruck O., and, E. Gill (2000), Satellite Orbits, models,
methods and application, Springer.
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'=—£r+gmd(R)R ZZ M cosé?)[C cosmA+S, sinm/l]

n=2m=0 I
m/2

(l—cos2 9) 4
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nm

S S 31 a8 loe Sl 31 220 glrsel slo ailye 1 Ko ] im0 5 oy 0l 5o
sl pliss ool 6 e ke slo 2l e & bstye ol slo Jon & bgrye ol 45 cplas
3,5 petlyS ST 00,5 o 0 pl5ee GPS oz carbge fnd piaccs (3105
el 125 Gilis Jalge T L5 elad U8 olone Sy 5l conn JB s <3l 2
Il 55 OF (Tl 5 Geekad 53 O (59728 100y g T pose
Do) 090 5 Wil (3l ST b Gae) 0959 50 pr2 ey e s
ool Jaa b bl sl 43> Glae Jalge ol 51 50

P
0= +m)
COS2 -1 ’P/un :((n] Pmn
2" n! d(COSH)(Hm)( ) 2(2n+1)(n—m)!

sl By yre ilicé) il b Mol R Lylg, ol o
b oo ielS Al ales ad e g Az 0 Gl L oled Ohse 4 placel fily ) a5 <

Sy ol 5l e VP )5 Sl 00 ki b ojliale (e CaxBse 333 anubre )3 4y ek
el 35 alizals

o ojlsale 5 SYL e 5l culpd STaadl e ojlgale elis)l az o Laly) cnl (plol 2oV a5 <
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)l.g\"' wfpu.: ).al‘;)).: el Czowfpda.loyrauuw‘&dubf QJ)..S)).: ¥ ass <
Ol B s 3 ey 5528 1 Byme eyl ool cal o b 1 (S5 5 2555

fe Q‘ﬂ)ls S50 gl plig Bosb 5l a5 coul (alazel Jole bt Glye 4 o po onl <
5,5 o )5 GPS

ol GPS s (15 & (g lae sl el (52 sln o 2l (So sl pling o <
D (o0
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glrsel Jalse 5l (S p a4 bape sla Joo calye g )l slayiell b o)La] 50 WS oSSl
o3 GPS i ) L3l 55 (s s plig b 1,58 Sledlbl 51 5l acgacma L o pan
58,5 0 0,38 (BiNANY) 9090 Canyd @) o 005, 5 alibl> o SleMbl ) 5,5

sg> > 5wl cw,d ;l (Leica, Ashtech, Trimble,...) &l o lsals slo 00 S 5l Joo ;o
Wl )5 Lawgs o5 ol 1330 a5 Lol e GPS (sl 05 5 Yoeus Llod oy oS o ooliul
Al e ool g oo b 58l 3 ] SaS A Wigd o0 by 00,5 (o Ad 0k S ol

b;da.l;ub ou\iﬁfjo&b} odjﬁf alasl> )l |) od.'oﬁf

(ASCI) Sl cwyd GPS s slo sols Jols & 5Ls g Madl o lo 4t 508
J4,2RINEX:Reciever Independent Exchange s 4 a5 5,5 o axwgs (63, lasbewl

Sl

colB 4 GPS s slo o0ls o3ls e 5 6yl sl I3l S Ly al s opdle
G e Cwd nl hass S g b33l e (T (ol siml Cunyd s o i 5 S b ol pilss
A8 e RINEX s lasbinl e 8

A

21

e RlNEX o)l.,\.oL...Jl w)ﬂ 6' 5 (ue)f J.m|9> )1)3 Py é)yo L,\.-.; RHIPUHA S 4.159.,),0 L;ali
ol 09>

NAMEDATE 5N 558 0 60Kl p) Oy 4 ol g0l )18 cmi (5,40 uLc)Ua\ Jb
s 5 55 o3lail ploy DATE (STl Jols ofins! (g laisl o NAME 1 o a5
thsm2110.07n il el (6,5 o3l plol Lo 4 -5‘GPS S

Golae 385 Slasie blie 4o Ped (0 plBin 4 LS, celw g0, GPS s 50 'uLc)Ual
Broadcast 4 ledb! oyl ol g 20 Premse Ephemerides 4 Mol 5 G
Oy yne Ephemerldes

55 S9zge Sledbl S 4y 55 02ysSI sk Sl e o lsale S gy Cosdse GPS s 5o
:Cewl dnle 118 Broadcast Ephemerides
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* gravit ation constant
« mean earth rotation rate

= time since reference epoch

- medn l'lﬂl:]l‘ﬂil])" atty

= bue anvenal y _{.k

n=afl-ecos By) + C

<

ic

Yi| - R ) B (- i) R¢

% (these values must be used)

= solve Kepler's equation iteratively for eccentric anomaly

U= W+ fi + €008 2 (@+ fi) + Cps

cos 2 (w+ fi) + Cp sim 2(0+ £, )

L= 3.986008 x 10" m
©, = 7292115147 x 10
T = 3. 1415976535808

lp=1t-tge
M, =M+ (NI VT An) 1,

M- Eg-¢sinE_

e 3
fi= tan’ |:°—L:|
08

W+ fi )
s 2 (w+ fi,) + Cosin 2(w+ )

['k
up)|o
ﬁ -

Tan Grs Avesin A TS

RINEX o3 Y 3,15 o
Sledbl (9l (5 9L plin

23

Lo

+
| TAELE A3 |
| GP3 NAVIGATION MESZAGE FILE — HEADER SECTICON DESCRIPTION |

+
| HEALDER LAEBEL | DESCRIFTICN | FORMAT |
| (Columns 61-80) | | |

+
|RINEX VERSION / TYPE| — Format wversion (2.10) | Fo.z,11%, |
| | — File type [('N' for Navigation data) | A1,19% |

+
|PGM / RUMN BY / DATE | — MName of program creating current file | az0, |
| | - Mame of agency creating current file | az0, |
| | — Date of £file creation | AZO |

+

% | COMMENT | Comment lineis) | B0 | ®

+

Y| IOM ALPHA | TIonosphere parsmmeters A0-A3 of almanac | Z2X,4D1z .49 | *
| | (page 15 of subframe 4) | |

+

*| ION EETA | Ionosphere parameters BO-E3 of almanac | =2X,4D1z.4 |*

+

Y|DELTA-UTC: A40,41,T,W| Almanac parsneters To Ccompute time in UTC| 33X, zZD19.12, | *
| | (page 18 of subfraons 4) | 219 |
| | AO,41: terms of polynomi=al | |
| | T : reference time for UTC data | |
| | 1 UTC reference wesek number. | |
| | Continuous nurber, not mod(1024) ! | |

+

*|LEAP SECONDS | Delta time due to leap seconds | I8 | *

+
| END OF HEADER | Last record in the headesr section. | [1u):4

Records marked with * are optional

@ngl N

eer Ssury

D
<l
-
Q

12
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TAELE 44

GPS MAVIGATION MESSAGE FILE — DATA RECORD DESCRIPTION |

CES. RECORD |

DESCRIPTION

| FORMAT

FPEN / EFPOCH / 3V CLK

Satellite PRNM number
Epoch: Tocz — Time of

year (2 digits, padded with O
if necessary)

month
day
hour
minuce
second
5V clock bias
SV clock drift
SV clock drift rate

Iz,
Clock

1%, 12.2,
1%, Iz,
1%, Iz,
1%, 12,
1%, Iz,

FS5.1,

(seconds) 3D19.12

(sec/sec)

[sec/secz)

BROADCAST ORBIT — 1

I2DE Issuse of Data, Ephemeris

cr=
Delta n
Mo

3E,4D12.12
[meters)
{radians/sec)
(radians)

EROADCAST OQOREIT - Z

Cuc

e Eccentricity
cus

Sgrt (L)

{radians) 3¥,4D19.12

[radians)
(sqgrt (m) )

BROADCAST OREIT - 3

Toe Time of Ephemeris

Cic
OMEGL
CIS

3X,4D12.1z2
[sec of GP3S week)
(radians)
(radians)
[radians)

*

__QQJ

Hlailiw! Gy SO @ jLs

|sec of GP3 week, derived e.g.

from Z-—count in Hand Crrer Word [(HOW)

Fit interval

jgee ICD-GPS—
Zero if not kKnown
=pare
sSpare

|
|
|
(hours)
200, Z0.3.4.4) 1
|
|
|

+

io (radians) | 3X,4D19.12 |

Cre (meters) ] |

omega (radians=s) ] |

OMEGL DOT (radians/sec) | |

_______________ _—— —————

IDoT (radians/sec) | 3%,4D19.12 |

Codes on L2 channel ] |

GP3 Week # (to go with TOE) 1 |

Continuous nunber, hnot mod(l024) ! ] |

Lz P data flag ] |

_______________ _—— ———

SV accuracy (meters) | 3X,42D19.12 |
SV health {hits 17-22 w 3 =f 1} |

TGD (seconds) ] |

IODC Is=zue of Data, Clock ] |

_______________ _—— —————

Transmission time of message *) 3XE,4D19.12 |

|

|

|

|

|

|

|

+

Adjust the Transmission time of mwessage by —604500 to refer to the repor+=-
week, if necessary

13
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1. Seeber G. (2003), Satellite Geodesy, 2" completely revised and
extended edition, Walter de Gruyter. Berlin. New, Chapter 3,
Pages 62-74.

2. WELLS, D., N. BECK, D., DELIKARAOGLOU, A., KLEUSBERG, E.
J., KRAKIWSKY, G. LACHAPELLE, R. B., LANGLEY, M,
NAKIBOGLU, K. P, SCHWARZ, J. M., TRANQUILLA and P,
VANICEK (1999), Guide To GPS Positioning, Faculty of Geodesy
and Geomatics Engineering, University of Newbrunswick, Lecture
Note No. 58.

27
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= 2 r
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.Y, pl

pl
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OBSERVED: P, PT P
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X
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Equator N
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8,5 18 Gou 0,9 550555 pezu 0 a5 (Conventional Inertial System) CIS o <
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2l sl ol ‘a_s‘ALMHJUP Ol o ) 358 i Sl Supp U a5 el e il <
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JD —JD 2000 )
36525 SR ey ol Tty

T =JC72000=

VY Celo mugis opl dloe el Julian wgss ;o () [l 0,90 SOl 59, 0 les JD alal, cpl o
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N=R,(-e-te)R, (-Aw iR, (&) VAAL Jlo cpides Jow

£= 23°26'21 448"~ 46 815'T - 0.000597 % +0.001813'T*
Aw=—17.1996"sin Q21— 1.3187" sin(2F — 2D +202) - 0.2274 " sin ( 2F +20)
Ag=9.2025"cos 24+ 0.5736 cos (2F — 2D +202)+ 0.0977 cos(2F + 203
F=2,-0

aloliD (S IST amio o ole gl ahais g ey JE 350 o slatel (GLdlaz) Jsb Q Laly) ool jo

ammivo 53 olo bangio (L8a2) Job Ay 0,3Vl 5 (giej U Slaie 5D auyg5 5l ol bamgie (sl gl
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& = 384399 07 Km
g =0.05490043%
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£'=18.251908" +13.17639649°4

sl 08 (6 e (630o VAAD Jlo 5515 Jol Sio 59, o el 5 a5 coul olajy, slaws d



http://WWW.telegram.me/Engineer_surveying

2 Jole 3)l5 laite g IS s 5y G255 5 Gy §) (236 Sl Jlasl S50 0 <
" ea= NP 1 59 e axxlis (Right-Ascension) RA
cdad oS > g e olye0 <8, a5 il SIS CT wites 0 it o 5l Sl Jal g1y cplpln <

RV ioles | ol o S0 0,5 1,8 s
S_:]Sz(—x,))lil(—y,))IS}(H:GAST) S o0 Oibed | i 90 Gl v IS0 0,5 118 Sl ae

il 333 g0 A e 90 (pl o gele jgandl § doles i ol ey <

Ters=S T gy ST
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L
¢ = orbital semi-major axis
£ = l'l.'l"l‘ll‘fl‘il'i?l‘,\'
i = inclination
_ w — argument of perigac
- Satellite| € = arg. ascendiug node (Ares)
et -151"-}-"1'*.:,15.:.: A= arg. ascending node (Greenwich)
Fin 7‘ = y T' = perigee passing time
i __ ® G M = mean anomaly
E.'.!._".I /4_(' V' = true anomaly
. 'f'-*._»ff..z--' f = sidereal time
4 ¥ ! Ascending node
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z MNAVIGATION DATH RINEX VERSION / TYPE
DSNFP TO RINEX D.S.N.FP. Od4—fug—-07 21:45 FGM / RUMN EBY / DATE
4. 6566009 1.4901D0-05 —-5.9605D-08 —-5.9605D-08 ION ALPHR
7.7824D+04 4.9152D+04 —-6.5536D+04 -3 .2768D+05 ION BETAL
3.7Z25290298462D-09 1.1546319456100—-14 147456 1558 DELTA-UTC: A0, A1, T, W
14 LEALAP SECONDS
END OF HEADER
=] 4 11 59 44.0-1.175501383841D0-04-1.4779288903810-12 0.000000000000D<+00
.030000000000D+02 7.656250000000D+00 4.2869647001130-09-5.103477026475D-01
LF194619178770-07 1.001857209455D-02 6.9253452019692D-06 5.15356850531891D+035
. 615540000000D+05 3.166496753693D-08 2.1304659233490+00-1.756139343262D-07
LY901117992820-01 2. 57537500000000+02 2.7Y9530800530260+00-5.0853536786731D—-09
»S5823935729220-10 1.000000000000D04+00 1.4350000000000+03 0.000000000000D+00
0000000000000 +00 0.00000000000004+00-3 . 7252902984620 -09 1.0300000000000+02
0000000000000 +00
1= 4 1z o 0.0 1.0568741708990-04 4.5474735088650-13 0.000000000000D+00
. 8000000000000 +01-3 .9534375000000D0+01 4.53859057236350-09 2.7836825363855D+00
LO04Z061805730-06 7.498249527999D0-03 5.168540289116D-06 5.153670185059D+03
6160000000000 +05-5.3581903171539D0-05 1.318043692667D-02—-1.154539992523D-07
LES3IZESEYTES3D-01 2.848750000000D04+02 4.999576064679D-01-5.09745801496940-09

a8 ?
1
=1
5
El
z
=1
a
7
1
=1
5
El
—2.05365697162680-10 1.0000000000000+00 1.4350000000000+03 0O.000000000000D+00
2
a
7
1
1
=
El
1
=
=)
?
El
1

10

.8000000000000+00 0.000000000000D+00-2.3283064365390-09 2 .740000000000D+02
000000000000 D+00

5 4 1z 0O 0.0 1.955246552525D-04 3.06595446154540-12 0.000000000000D+00
. 5100000000000 +02-2 .9156250000000+01 3. 6333 65629977D-09 2.539981172297D+00
522561602523 0-06 3.4258139374592D-03 2.6056610345540-06 5.153574547357D+03
LE150000000000+05-1.862645149231D-08 1.073073771015D+00-1.0430812835690D-07
.S47227708819D-01 2.086562500000D0+02 1.4009533401650+00-7.6010305899161D-0%9
LETS6413507220-11 1.0000000000000+00 1.4330000000000+03 0.000000000000D0+00
0000000000000 +00 0O.0000000000000+00-1.1175570589539D0-058 4.170000000000D+02
000000000000 Dn+00

=] 4 1z [u] 0.0 5.892757326365D—-05-1.2505552149350-12 0.000000000000D+00
LFO000000000000+01 2.0343750000000+01 4.239105147173D0-09 2 .995258966836610+00
.177191734314D-06 2.555857019313D0-03 1.105293631554D-05 5.153655628476D+03

13

17

“00 0900 5O Adld (il DS — e (39,0 50 P (Sed € 22385 9 e Lug S pas <
(Non-sphericity of the Earth and non-homogeneous mass distribution)

oJlsale il 5l adl (g9, Jlasl azeis )5 5w yo> g ole ooy 4 05 glows gl joa> <
oS e e

(Gravitational Effect of the other celestial bodies, for example Sun and Moon)

(Earth T|de) ) b»\-l-»é)—& 9 M—L& ‘_ngb e g, <

s (Solar Radiation Pressure) (cosie> oluiass ol o o> 8 slag,s j1 <
(Atmospheric Drag) s> S Skl

r(t) =zt alt) e(t),u(t), Qt), w(t), T)

S
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(Perturbation) (wlicsl Juise i & w0 51 550 damlio

(GPS poiwsw 30) b igole 5 lo0 &5 3> p

Perturbation Acceleration | Orbital effect

m_,.-"'.n“’ in 3 hours in 3 days
Central force 0.56
(as a reference)
Cap 5.1075 2 km 14 km
rest of the harmonics 3107 50-80 m 100-1500 m
Solar + Moon grav. 51078 5-150 m 1000-3000 m
Tidal effects 1.107¥ - 0.5-1.0 m
Solar rad. pressure 11077 5-10 m 100-800 m

85 S5 10 b e oyighle (5 e Cumdgo (s

sl 325 (5,500 Sledbl (55l> (5 5L plingy (5l slayzally 2 ogdle 58 o alimdlo aSy ok <
5 B Jelse (F 5l (B0 Sl cnl s anulone (Gl Ll S 4 a5 (S ale
313 0929 (35S (3l s

J8 lase glagel Jalge ads (235 i 55 pilias b ojlsale (gl Codge 385 dnlne <
Mol |5 cpl ol Jo g dlgeyd g2 50 dllie LIB o a5 coul el J& lae G5l e
Cul pawge Orbit integration 4,

LI Loy, ol sl 438l dnsgs e cnl o (61 hlidio (Lo 5 so0e (slady, 98 b <
aily (oo Eou onl 4 plaieddle .l g5l 3 cnl dhoga I Ll (o 9 0092 oazm L
S anzle 5 gl LS 4 e Glgie 4

1. Seeber G. (2003), Satellite Geodesy, 2" completely revised and
extended Edition, Witer de Gruyter.

2. Montenbruck O., and, E. Gill (2000), Satellite Orbits, models,
methods and application, Springer.
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2" n! d(COSH)(Hm)( ) 2(2n+1)(n—m)!
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Wl )5 Lawgs o5 ol 1330 a5 Lol e GPS (sl 05 5 Yoeus Llod oy oS o ooliul
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J4,2RINEX:Reciever Independent Exchange s 4 a5 5,5 o axwgs (63, lasbewl
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A
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ol 09>

NAMEDATE 5N 558 0 60Kl p) Oy 4 ol g0l )18 cmi (5,40 uLc)Ua\ Jb
s 5 55 o3lail ploy DATE (STl Jols ofins! (g laisl o NAME 1 o a5
thsm2110.07n il el (6,5 o3l plol Lo 4 -5‘GPS S
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* gravit ation constant
« mean earth rotation rate

= time since reference epoch

- medn l'lﬂl:]l‘ﬂil])" atty

= bue anvenal y _{.k

n=afl-ecos By) + C

<

ic

Yi| - R ) B (- i) R¢

% (these values must be used)

= solve Kepler's equation iteratively for eccentric anomaly

U= W+ fi + €008 2 (@+ fi) + Cps

cos 2 (w+ fi) + Cp sim 2(0+ £, )

L= 3.986008 x 10" m
©, = 7292115147 x 10
T = 3. 1415976535808

lp=1t-tge
M, =M+ (NI VT An) 1,

M- Eg-¢sinE_

e 3
fi= tan’ |:°—L:|
08

W+ fi )
s 2 (w+ fi,) + Cosin 2(w+ )

['k
up)|o
ﬁ -

Tan Grs Avesin A TS

RINEX o3 Y 3,15 o
Sledbl (9l (5 9L plin

23

Lo

+
| TAELE A3 |
| GP3 NAVIGATION MESZAGE FILE — HEADER SECTICON DESCRIPTION |

+
| HEALDER LAEBEL | DESCRIFTICN | FORMAT |
| (Columns 61-80) | | |

+
|RINEX VERSION / TYPE| — Format wversion (2.10) | Fo.z,11%, |
| | — File type [('N' for Navigation data) | A1,19% |

+
|PGM / RUMN BY / DATE | — MName of program creating current file | az0, |
| | - Mame of agency creating current file | az0, |
| | — Date of £file creation | AZO |

+

% | COMMENT | Comment lineis) | B0 | ®

+

Y| IOM ALPHA | TIonosphere parsmmeters A0-A3 of almanac | Z2X,4D1z .49 | *
| | (page 15 of subframe 4) | |

+

*| ION EETA | Ionosphere parameters BO-E3 of almanac | =2X,4D1z.4 |*

+

Y|DELTA-UTC: A40,41,T,W| Almanac parsneters To Ccompute time in UTC| 33X, zZD19.12, | *
| | (page 18 of subfraons 4) | 219 |
| | AO,41: terms of polynomi=al | |
| | T : reference time for UTC data | |
| | 1 UTC reference wesek number. | |
| | Continuous nurber, not mod(1024) ! | |

+

*|LEAP SECONDS | Delta time due to leap seconds | I8 | *

+
| END OF HEADER | Last record in the headesr section. | [1u):4

Records marked with * are optional

@ngl N

eer Ssury

D
<l
-
Q

12
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TAELE 44

GPS MAVIGATION MESSAGE FILE — DATA RECORD DESCRIPTION |

CES. RECORD |

DESCRIPTION

| FORMAT

FPEN / EFPOCH / 3V CLK

Satellite PRNM number
Epoch: Tocz — Time of

year (2 digits, padded with O
if necessary)

month
day
hour
minuce
second
5V clock bias
SV clock drift
SV clock drift rate

Iz,
Clock

1%, 12.2,
1%, Iz,
1%, Iz,
1%, 12,
1%, Iz,

FS5.1,

(seconds) 3D19.12

(sec/sec)

[sec/secz)

BROADCAST ORBIT — 1

I2DE Issuse of Data, Ephemeris

cr=
Delta n
Mo

3E,4D12.12
[meters)
{radians/sec)
(radians)

EROADCAST OQOREIT - Z

Cuc

e Eccentricity
cus

Sgrt (L)

{radians) 3¥,4D19.12

[radians)
(sqgrt (m) )

BROADCAST OREIT - 3

Toe Time of Ephemeris

Cic
OMEGL
CIS

3X,4D12.1z2
[sec of GP3S week)
(radians)
(radians)
[radians)

*

__QQJ

Hlailiw! Gy SO @ jLs

|sec of GP3 week, derived e.g.

from Z-—count in Hand Crrer Word [(HOW)

Fit interval

jgee ICD-GPS—
Zero if not kKnown
=pare
sSpare

|
|
|
(hours)
200, Z0.3.4.4) 1
|
|
|

+

io (radians) | 3X,4D19.12 |

Cre (meters) ] |

omega (radians=s) ] |

OMEGL DOT (radians/sec) | |

_______________ _—— —————

IDoT (radians/sec) | 3%,4D19.12 |

Codes on L2 channel ] |

GP3 Week # (to go with TOE) 1 |

Continuous nunber, hnot mod(l024) ! ] |

Lz P data flag ] |

_______________ _—— ———

SV accuracy (meters) | 3X,42D19.12 |
SV health {hits 17-22 w 3 =f 1} |

TGD (seconds) ] |

IODC Is=zue of Data, Clock ] |

_______________ _—— —————

Transmission time of message *) 3XE,4D19.12 |

|

|

|

|

|

|

|

+

Adjust the Transmission time of mwessage by —604500 to refer to the repor+=-
week, if necessary

13
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1. Seeber G. (2003), Satellite Geodesy, 2" completely revised and
extended edition, Walter de Gruyter. Berlin. New, Chapter 3,
Pages 62-74.

2. WELLS, D., N. BECK, D., DELIKARAOGLOU, A., KLEUSBERG, E.
J., KRAKIWSKY, G. LACHAPELLE, R. B., LANGLEY, M,
NAKIBOGLU, K. P, SCHWARZ, J. M., TRANQUILLA and P,
VANICEK (1999), Guide To GPS Positioning, Faculty of Geodesy
and Geomatics Engineering, University of Newbrunswick, Lecture
Note No. 58.

27
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Errors 1in baseline components due to orbit errors.

Orbit Error | Baseline Length | Baseline Error | Baseline Error
n ppin in mm

25m 1 km .1 ppm -
25m 10 km .1 ppm 1 mum
25m 100 km .1 ppm 10 mum
25m 1000 km .1 ppm 100 mm

05 m 1 km 002 ppm - mm

05 m 10 km 002 ppm -

05 m 100 km 002 ppm 2 mm

05 m 1000 km 002 ppm 2 mm

Estimated quality of orbits in 2000.

Orbit Type Quality (m) | Delay of Availability | Available at

Broadcast Orbits 3.00m Real Time Broadcast Message

CODE Predicted Orbits 020 m Real Time CODE through FTP

CODE Rapid Orbits 0.10 m After 16 Hours CODE through FTP

CODE Final Orbits 0.05m After 5-11 Days CODE, IGS Data Centers
IGS Ultra Rapid Orbit 0.20m After 3 Hours IGS Data Centers and CBIS
IGS Rapid Orbit 0.10m After 19 Hours IGS Data Centers and CBIS
IGS Final Orbat 0.05m Afrer 13 Days IGS Data Centers and CBIS
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Table 4.

CODE products available through anonymous ftp.

CODE rapid and predicted praducts available at http: //www.aiub.unibe . ch/download/CODE/:

CODwwwwd .EFH_R
COD.EFH_U
CODwwwwd . EFH_P
C0Dwwwwd . EFH_P2
CODwwwwd . EPH_SD
CODwwwwd . ERF_R
COD.ERP_U
CODwwwwd . ERF_F
CODwwwwd .ERP_F2
CODwwwwd . ERP_ED
CODwwwwd . CLE_R
CO0D.SUH_T
CODwwwwd . TRO_R
COD.TRO_U
CORGAAAT. vy
COPGAddD. yy1
CODwwwwd . ION_R
CODwwwwd . ION_F
CODwwwwd . ION_P2
DATA_USED_UP_TO_dddh
GLOwwwwd . EFH_ED
CEIMAAdD. yyH_R
CGIMAAdD. yyN_F
COIMdddD. yyN_F2
P1C1.DCE
P1F2.I<E

CODE. DB
P1P2_ALL.DCE

F1F2_GF2.DCE

CODE rapid orbits

CODE ultra-rapid orhits

CODE 24-hour arbit predictions

VE 48-hour orbit predictions

VE 5-day orbit predictions

)DE rapid ERPs belonging to the rapid orbits

E ultra-rapid ERPs belonging to the ultra-rapid crbits

VE predicted ERPs belonging to the 24-hour predicted orbits
)DE predicted ERPs belonging to the 48-hour predicted orbits
JE predicted ERPs belonging to the 5-day predicted orbits

JE high rate rapid clocks, 30-second values, Clack RINEX format
Summary of staticns used for the actual ultra-rapid crhit

CODE rapid troposphere product, Troposphere SINEX format

)E ultra-rapid troposphere product, Troposphere SINEX format

)DE 1-day or 2-day ioncephere predictions, IONEX format

VE rapid ionosphere product, Berness format

CODE 1-day oncsphere predictions, Berness format

CODE 2-day ioncsphere predictions, Bernese format

Descripticn of the actual ultra-rapid products

CODE 5-day GLONASS orbit predictions (based on broadeast orbits)
Improved Klobuchar-style coefficients, RINEX format

1-day predictions of improved Klobuchar-style coefficients

2-day predictions of improved Klobuchar-style coefficients

CODE moving 20-day P1-C1 DCB solution, Bernese format
CODE moving 30-day P1-P2 DCE scluticn, Bernese format,
containing all GPS and GLONASS satellites

Merged P1-PZ and P1-C1 DCB product, Bernese format

CODE moving 30-day P1-P2 DCB scluticn, Bernese format,
containing all GPS and GLONASS satellites and all stations used
CODE moving 30-day P1-P2 DB sclution, Bernese format,
containing only the GPS satellites

continued on next page
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| continaed from previcus page

CODE [l product: avalalle sl 2bbp: ffvee . aiub. unilbs ohydownloed/SOD2 g yy '

CODE finel crbits, cur affiedal I0S crbit prcduet

CODE el DRPs Leloonging, to b el orlis, sadues Lo dhe Tl aeak
CODE high rat2 final clacks, 30-second values, Clock RINEX format
CODE final troocephere produst, Troposphere SINEX format

CODE final jonseshers preduct, IONEY formet

CODE [al donosolers prodect, Dernes: foraal

CODE wedkly SINEX product

CODE wedkly summazy Al

COMF pracss GTON AR wrhita [for QPS weel 00001068

CODE wed:ly mummasy filsa of CLONASS analysis

Mavigation messages conta ning improved Kltuchar-style icnoaphers

CO0vwwwl. EFH
CODwwwwT . ERF
CUbvwwwl. ULK
COCvwwal. TRO
Conedddd. yyl
CODvwwwl. TON
CULVEWE S L SN
COCvewa? . 3TH
ChEvwwud. FFH
CORvwwaT .21
CEINddal. N

(5]

[ ST B B S I S I I RS )

coefickents
PAC gy IR LT COMNFE mantkly P10 THER salnsiens, Rernesa farmat.
PiPIyymm. DOR .2 CODE montkly P1 P2 DCB sohasione, Borneoe format, containing all

GFS and GLOIASS satellites
PiFZyymm_4LL.DCE.Z  CODE montkly P1-P2 DCE schrions, Bernese format, containing all
GPS and GLONASS satellites and all stations used
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ALL TYPES OF BIASES
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Global Positioning Systems
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Comparison of the GLONASS with the GPS

Orhital planes

Satellites per orbital plane

Orbital radius

Inclination of orbital planes

Revolution period

Nominal eccentricity

Ground track repeatahbility
Constellation repeatability

Satellite Laser Ranging (SLR) reflectors

GLONASS GPS
Nominal number of satellites 24 24
Operational satellites (April 2004) 10 30

3 (separated by 120°)
8 (equally spaced)
25'510 km
G4.8°
~ 11h 16 min
0
after eight sidereal days
~ 23156 min
all satellites

G (separated hy 60°)
4 (unequally spaced)
26560 km
557
~ 11 h58 min
0
after one sidereal day
~ 23056 min

two satellites

Signal separation technique
Carrier Ly (n=1...12)
Carrier Lo (n=1...12)
C/A-code (Lq)

P-code (L1.L2)

FDMA
1602.5625 — 1608.75 MHz
1246.4375 - 1251.25 MHz

0.511 MHz
5.110 MHz

CDMA
1575.42 MHz
1227.60 MHz

1.023 MHz
10.23 MHz

Reference system
Time reference

PZ-90
UTC (SU)

WGS-84
UTC (USNO)

25
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