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: Block II/IIA  Block IIR  Block IIF
Number 28 21 12
First Launch 1989 1997 =~ 2005
Weight (kg) 845 1100 ~ 1700
Power/solar panel (W) 1100 1700 ~ 2900
Design life (years) 73 10 15
Unit cost (U.S. Dollars) 43 M 30 M ~28 M
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Cie, Cis Correction coeff. (inclination)
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Errors in bageline components due to orbit errors.

Orbit Error | Baseline Length | Baseline Error | Baseline Error
in ppm in m

25m 1 km A ppm - mum
25m 10 ki A ppm 1 mum
25m 100 km A ppm 10 mm

2.5 m 1000 km A ppm 100 mm

a5 m 1 km 002 ppm - mun

05 m 10 km 002 ppm - Tum

a5 m 100 km 002 ppm 2 mm

d5 m 1000 kin 002 ppm 2 mm

Estimated quality of orbits 1n 2000,

Orbit Type

Quality {m)

Delay of Availability

Available at

Broadecast Orbits
CODE Predicted Orbits
CODE Rapid Orbits
CODE Final Orbits
IGS Ulira Rapid Orbat
IGS Rapid Orbit

IGS Final Orbat

3.00m
0.20 m
0.10 m
0.03m
0.20 m
0.10 m
0.05m

Real Time

Real Time
After 16 Hours
After 5-11 Davys
After 3 Hours
After 19 Hours
After 13 Days

Broadcast Message

CODE through FTP

CODE through FTP
CODE, IGS Data Centers
IGS Data Centers and CBIS
IGS Data Centers and CBIS
IGS Data Centers and CBIS
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Table 4.2: CODE products available through anonymons ftp.
CODE rapid and predicted products available at http: //vwv. aiub unibe . ch/download/CODE/ :

CODwwwwd . EFH_R CODE rapid orbits

COD.EFH_U CODE ultra-rapid orbits

CODwwwud . EPH_P CODE 24-hour arbit predict)

CODwwwwd .EFH_F2 CODE 48-hour arbit predictic

CODwwwwd . EFH_ED CODE 5-day orbit predictions

CODwwwud .ERP_R CODE rapid ERPs belonging to the rapid orbits
COD.ERP_U CODE ultra-rapid ERPz belonging to the ultra-rapid crbits

CODwwwud . ERF_F CODE predicted ERPs belonging to the 24-hour predicted orbits

CODwwwwd . ERP_P2 CODE =] nging to the 43-hour predicted arbits
CODwwwwd . ERP_SD CODE predicted slonging to the 5-day predicted orbits
CODwwwwd . CLE_R CODE high rate rapid clocks, 30-second values, Clock RINEX format
COD.SUH_T Summary of stations used for the actual ultra-rapid crbit

CODwwwwd . TRO_R CODE rapid troposphere product, Tropeaphere SINEX format

COD.TRO_U CODE ultra-rapid troposphere product, Troposphere SINEX format

CORGAAAT. vy CODE rapid ionosphere product, IONEX format

COPGAAAC. yyI CODE l-day or Z-day oncephers predictions, [ONEX format

CODwwwud . ION_R CODE rapid ionosphere product, Bernese format

CODwwwwd . I0H_F CODE 1-day woncsphere predictions, Bernese format

CODwwawd . ION_F2 CODE Z-day oncephers predictions, Berness format

DATA_USED_UF_TO_dddh Description of the actual ultra-rapid products

GLOwwwwd . EFH_ED CODE 5-day GLONASS orbit predictions (based on broadeast arbits)

CGTMAAAG. yyH_R Impraved Klobuchar-style cosflicients, RINEX format

CGIMAAAC. yyN_F 1-day predicticns of impro Klabuchar-style ccefficients

CGIMAAAC. yyN_F2 2-day predictions of improved Klabuchar-styvle ccefficients

P11 .DCR CODE moving 20bday P1-C1 INCE salution, Bernese format

P1P2.DCR CODE meving 30-day P1-P2 DCB scluticn, Bernese format,
containing all GPS and GLONASS satellites

CODE.LCR Merged P1-P2 and P1-C1 DCB product, Bernese format

P1P2_ALL.DCE CODE meving 30-day P1-P2 DCB scluticn, Bernese format,
centaining all GPS and GLONASS satellites and all stations used
P1P2_GFS.DCE CODE moving 20-day P1-P2 DCB sclution, Bernese format,

centaining only the GPS satellites

continued on next page
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Comparison of the GLONASS with the GPS

GLONASS GPS
Nominal nmumber of satellites 24 24
Operational satellites (April 2004) 1l 30

Orhital planes
Satellites per orbital plane
Orbital radius

Inclination of orbital planes

Revolution period

Nominal eccentricity
Ground track 1'|,\1)(‘a1te1|)1'lit}'
Constellation repeatability

Satellite Laser Ralll:_‘;llll,f.{ IZLDLR:I reflectors

]

3 (separated hy 120°)
8 (equally spaced)
25'510 km
64.8°
~ 11h 16 min
(0
after eight sidereal days
~ 23 h 56 min
all satellites

6 (separated hy 60%)
4 {(unequally spaced)
26°560 km
55°
~ 11 h 58 min
0
after one sidereal day
~ 23 h 56 min

two satellites

Signal separation technique

Carrier Ly (n=1...12)
Carrier Ly (n=1...12)
C/A-code (L)
P-code '-[11[2)

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 (5U)

WGES-284
UTC (USNO)
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Satellite Laser Ranging
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Lunar Laser Ranging
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VLBI: Very Long Baseline Interferometry
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VLBI: Very Long Baseline Interferometry
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TRANSIT or DOPPLER System

2 Sk ey S e e Doppler suw olul o Camdye s qlmw p' fpdiasw ol S olwl <

22 el (% Coamdg g0 e ol gge S 4 S S5 o I 0 g0 STl e Sy (9o Jsb L) 5

o bls LS 5 el 1) Vel SO 5l slae aSlaEg) s Lil sy I b e deds Sao zlsel WL
Ll J1 el 6 S 03Il e S 15 s HS bl (g (o0 ol 00lin) 98

L aS oo g2l | o0l ol oSl alais S a0 Cound 790 il @ie <5 o S A GuilS )Mu o LSl <
S O dhold yo? 735 1500 Sle A Lz Jloy) g S o o 5 50,5 dae 8 g iS5 2 osd (5,8 o3l
Codee izae Jloyl mde Coalge og palae bog 0gd o 505 o3l Q\ 30 B pilS )8 s :\5 Sl aladi
NNSS 5l s)lgnle w530l oly 0 oo Jb mass ool ool 05 s |, iS5 i (6,5 olil oS
s, 7 NAVSAT s TRANSIT o a0 s 00l 00 5 (Navy Nawgatlon Satellite System)

ol




PY T N VIRV L PRV FL

ol Sy b oo 0 aie g 00y Jlol adasd o zae (IS8 To=Tr g cil o alasd )3 zge S5 f 351 <
)wl Sy g (O‘)“‘)"‘f e Ty JL..J)' J;M Eaka alold [0)) 0dg JP JL} P o‘LS;:f A s V= dp/dt

k ok k k S 2R C A 0,9 Ze s plp ) e
. / ]—V—c\)sg ;)‘( /)1 &
z L=t ord =4 | 1+5 || 1+5 (Y)
K [1 v’ ¢ ¢
I
¢
T P 0 v
P| 45 o ‘._\u |5..>L5A L_YLL\JM <
f; (Jsnd BB M Lo2)V << C )3
>y
: . ; f)
= -— A=A |1+~ | & p= 1-—=, == sd
/ / ( or - p=c [ T J p V COS (3)

at 33193 (6319l 9 CanrBgo paani glumsan

LI zee il 5 1 LS d ol el Bgyme (DEEL frequency) Lo l5 i 4 Mol f=ffr el <
S35 e 5 (Doppler signal)

)\ 13 zoe LAl anie L8, srs Jobo 0 45 (GSLe 0aS ) moe Jlo)l e 008 S5 b syl 4 <

Jobo gie d 593 L 0gh o 0duidh (60 2308 b Vel (5las) Wl g RIS L0 250 e Jsb (B70)

b oo 2l S8byo 290 g
A= Ry Re= As Ap= A
I\ /\/\//\
U ! A

ol o eals edls WLW Sl g towl Gled BB 1 O @ 398 Salgy el 5 3L plael S8 Ol <
N e adls (Doppler Curve) Ll coue & JS8

DD 25 e P 5 (V) Sove 90 e b o4lgnls )U°L5"-"~‘°(u~°) abaw _\d\,Lalé) oyleale 8L6)|L;;_~wb;;c .
(05 03 4SS p 3 e

@ 00 yS 1y 95 dalgd (V) (pimie JSO & kI (gimis ((P2%0) AL o sl 005 5l zge Jlu)l arte alsls 51
255 Salyzs Sl o |y olS 8 s oo G yee bls

it ol o Sb el bye L B=0) 0.5 )5 pae Jlo)l e <5 > ...‘_,Jsb);u;mr:;\ .
o 5 (Point of Closest Approach) PCA 1>Miasl ki oS e i e s o 5 e o =0 . p=0
s oo 43 (Time of Closet Approach) TCA 4 alax




3

(2)

(D

o Sole il b oty alind 55 0 o sl o Conbne S(t)=SK 3 S()=ST azly L5 L, jeslimd L <
@S ol lad ol

Vo =] Uy = “

W) 2 Jode 5l 00 5l 1 5 ddass pa Lolsh Ol S conl (bl cwaid S Joldr a5 Lxl 51 cwais L

ols3ls ¥ g ) Capndse 35 50 ojlsale Sy 4y 355 Alols IS (4,8 a5l 5 &S 5l 5 slin Sy (g5, »» P ab

e (g2l ool b 4 5y s e Copriyn e S bllan a3 w3 (42 953 cgn 55 05
ol (i a5 5 Ll 0l alab g Jol3a dn JS23) o jlgale Sy Cudye Jlez 555 o)l




a3 313 ptannaans HU  lan]

Vp=— ’ (fo =/, Mt _jiA/ At (5) M ala; o fr=fo-f=Af 5 iR 1 <
1 -

Ksj cordse 50 50 5 e)lsnle (51 5 (V) abyl, 5 oslaceal b
k J _ kL k Jxed Jk
(el. —¢ )r,. —(eir —er )—Vp.

(6)
S (srme WS goe Jlo) gete o oS a5 aly B L g 0 e o el s 5 i g alad) a0
by Ol oo S5 Bilke Sl 4 2z L

ko ie . C U akek _aieiY_ € ik
(e,. € )1,, —ALN/, —(e,r er’' )——D,;

Jr Jr
05 F g o9 e asles (Integrated Doppler Count) Juls oo les 4 45 akal, el o DK sl tee o <
cilite sloj Sl ez 5o o)lale Susdee g pales L sd o 65 ol Wload b sl pllp &S ola
SSis sl | Gl 8 alal; 19) 05 s 1) alaly ool o AT fal)l 5 5,8 o)l o] Cundsn oly oo

(! oy oolazwl o)bﬁ:b S USM gSLa’;,‘.“"“‘"

3,50 b a5)  (Broadcast Ephemerides)“&ja et Gl Olatse S8 4 Gy e ) e o')|9’.®La :;%,55,5 <
255 eoliil 1o o)lsale (5 5lae 530 Zombya 5l 5 5Be sle 0 )l5 10 b 5 0 e (285 418 vy

gm}\)g(e=0) S gl om ol loe jo aS 0l o B o lonle i 5 Cu Bl e (olad 2ov) <
DB F 8 e 08 & (@=6371+1074=7445KM) o) ooy | o 2eel5 1 VS
(4.5.35: o 9 J{) 9 sl \_<.) -‘ul,g_;‘.‘ VoY Do Q‘ g_th; c)‘p':L,a 6;1*\/’ ;;54,} N ).].95 P g leﬁ wLw‘).‘: <

sl
ol a3 1290 (K8 Sl 4y o il s ojlgale ol o5 > e <
O e ojlsale 3y50 12 V K C 6,8 cpluln cudl V= dp/dt =7.1Km/s il gl2 o)lenle g1y <

ol 330 MalS s

S e ool e dolisag 5SUl 2 leel (315 ,8 Wb 40 5! w0l awgiy il dds gl <
ol il Cuia ojlsen ( Af) Doppler count b sps o bt T GulS 3 51 5800 e fg al Luls s <

Sl oal o3l oles ) KD 5 £abse

f5400.000 MHz

[ minifs- ) = 24 kHz
L.~ 32 kHz

fr=399,968 MHz imax(f;—f,) <40 kHz |

e T
399.960 MHz, 395,976 Wi,

<
U
a
k




S 3l s 15 (ol

&S&J‘Jia_._]ao_lfaﬁ)55 W ‘y@‘wf|ywwbwf|fwwl&a 4
Jypas BB 28y 10 Zgogame <
s (b )8 35250 adly <

s wase Caadge Zo Pl i )0 cwia Blod @ ol aax>dl 4SSl i gas BB S8 jo Cudgaxe <

sl o) anle \PSA.LaL sl e Ll \ylf ap_“_ddtba)lj.@baf¢lGn_wod.‘fL:ouJJJ.béo““ﬁ,b

@MMMM}‘Wc}.' b Sutge oti B 09 (00w (oghS VY2 2) o) i 50 (6 o3l blis
S 193y

.Wf')b)b\)?’.euaébs <
2 std lae S5l e B place Bladl B350 s o e gl 3l s ol 5o 2900 o alo B K
il asls (GPS i) alie (5 1% o)l ol v b aslie ;0 (6,2 1 o fgnle o) &8 o o
Py oS! oligS sil.a)ébb o5b oLQ,u Wbl_g‘,.f ol U oo s alie (] stc_,‘ybl.ar,fc\..\.d <
o lM;LA»JY éuj),,._f‘u\} ‘9).‘»‘ ) vu...ﬁ‘ )oLiA_.MJ YR ‘jﬁ‘ é‘ybw\-};‘ ‘C)‘\LQL::\SJ 3u) Ode \.\M.'l_»
‘AA‘U*T L)\Pla.mw)m‘ed.w‘vh)&‘u,h_‘
030l s @GLQJ ~.A~f)|._\5f4L '_J.alas)lé_i: (c,‘.\ALwa \M)\SJO‘QJ' ‘-a) S AS,JAJA_-,AJL A <
LJ\?JaM}M_,}Ja.‘A.!éﬁ‘SoJL\J L‘)"’MT""-Q9W)G\9]0.) )T’M,otﬁﬁs‘;)“'\‘lfb" \&o‘ﬁ.&sw 5);
RCU P P VA PCUES: FOR SRS IPCWOWIE| UK RN VSL KPR DI IV S (IR SR Y CV IR

D9 o0 JoSiid y2 3 sl 3] e (] <

il CullB b onil e85 ulS )9 50 il CallB b sl ows 15 5l ISate (o asgane 5l gla8 5w 0 <
s 580 et (€5 03] gl pp 65hw s § Sl plas o gl

ol 4l 3 TOUIUSE 4o 50 ol J o8 ol ) JSisn pivmesns ol 55 i j3 <

Oty la usilidl g e sl bl JSE 4 4 Sl @Sl c\SL.._JSO 3l aegema Jolis o) Lisw o <
G 625 ol Wby sla o] 5l aSll pl(wb 13 sl j0 aSUl ol Gle ol e Lo &) dms o
O <52 S o3l (63,50 (sla oK) yiian Dgd wLw,(IDS) Internatlonal DORIS Service
High g6 Cgms i (2l (S




aqg}:y :13@‘ X 5 S V\JL.: 59 4O ':‘9,4‘ 4,@4‘ \:uhu‘ > as S 6‘ d_é)j_?ja 5 ;L(a9>' w ‘S}M.J‘JE (i ans Q.)l

o 1wl 00 0als g_:“*il“"': 2) JS#) )é W L.,"" )lf QJL.J' A8 s /LT
b.lﬁ_&\.l‘b )\ 8.5GHZ ° 2.2GHZ GLQ g;.._;b’)ﬂ a X 5 S &LQ ABL 2 L&'iﬁ‘)‘) JL._f.:_uJ 9 :W )IS UnLu)‘
b S 5 o ke

J

Do 95 (o0 Jloyl 555 050l (sl ol 4 ot e il (595 2 pls (il &S oo
bazme jiugin Bl omens slp (L0 lo JUKew s D95 g0 s oSl 0 jites 0258 0 TNS 2o
o3lil i Ghwgyg 5 aY) s> o3de ;b WY (692 layulll (lojen jeb a s T oo Jlul ot o lanle “;‘
o O olgale o JuSw (CuiS p g 8)) adik 90 S5 > ley 025 (o0 0 ple s o) sale @ g (1

R . . A - " 3 A =
B s o.b).f )‘ 0)‘92‘.& J,Q A.Lob }Jb.us.ls.l 9 1&#5{5;.1 LSLB A{Y )Q Cl}a‘ L_A-w-ih\) ).v‘ B> e O‘l)‘b ) )I .QO)S

_i PRARE
[ "
L

D9 ge et ] 5o

X-Band 2-Way
PN Coded Ranging (10 Mchip/s)
__ S-Band I-Way
PN Coded Ranging (1 Mchip/s)

user station
user station

<

<




