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Space segment
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User segment

From satellites

- astablished ephemeris
- calculated almanacs

- satellite health

- time corrections

carrier signals

time pulses

epheameris From the ground
almanac station

satellite health

date, time

Control segment
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|nteger ambiguity (N)

Acycle slip /

Tima

Remain constant if no cycle slip (% /4 *t jx) occurred

/ Solved for RTK
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A Y —coordinates

Circles

Position of
the receiver
(XP, YP) X - coordinates
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The Global Positioning System
M of code-ph arrival times from at least four satelliles are used to estimate four
g ities: position in three di ions (X, ¥, Z)and GPS time (T).

Position
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Last displacements for TLSE(f), real time PPP
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2.10 N: GPS NAV DATA
XXRINEXN V2.10  AIUB 3-SEP-99 15:22
EXAMPLE OF VERSION 2.10 FORMAT

RINEX VERSION / TYPE
PGM / RUN BY / DATE
COMMENT

.1676D-07 .2235D-07 -.1192D-06 -.1192D-06
.1208D+06 .1310D+06 -.1310D+06 -.1966D+06

ION BETA

ONALPHA ] Klobuchar

.133179128170D-06 .107469588780D-12 552960 1025
13

DELTA-UTC: AO,A1,T,W
LEAP SECONDS
END OF HEADER

699 9 2175144.0-.839701388031D-03 -.165982783074D-10 .000000000000D+00
.910000000000D+02 .934062500000D+02 .116040547840D-08 .162092304801D+00
.484101474285D-05 .626740418375D-02 .652112066746D-05 .515365489006D+04
.409904000000D+06 -.242143869400D-07 .329237003460D+00 -.596046447754D-07
.111541663136D+01 .326593750000D+03 .206958726335D+01 -.638312302555D-08
.307155651409D-09 .000000000000D+00 .102500000000D+04 .000000000000D+00
.000000000000D+00 .000000000000D+00 .000000000000D+00 .910000000000D+02

.406800000000D+06 .000000000000D+00
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TS B AR (SP3)

#aV1993 129 0 0 0.00000000 96 dITRO91 FIT JPL
## 081 432000.00000000 900.00000000 49016 0.0000000000000
+ 19 123121314151617 18192021 23 24 2526

£+ 2728000000000000000

£+ 00000000000000000 ) )

£+ 00000000000000000 Version cwith GPS &
£+ 00000000000000000 )

++  10101010101010 1010101010 10 10 10 10 10 GL ONASS solutions
#  1011000000000000000

+  00000000000000000

+  00000000000000000

++ 00000000000000000

%oC cC CC CCC CCC CCCC CCCC CCCC CCCC CCCCC CCCCC CCCCC CCCCe

foC cC CC CCC CCC CCCC CCCC CCCC CCCC CCCCC CCCCC CCCCC CCCCe

%1t 0.0000000 0.000000000 0.00000000000 0.000000000000000

%1t 0.0000000 0.000000000 0.00000000000 0.000000000000000

% 0 0 0 0 0 0 0 O 0

% 0 0 0 0 0 0 0 O 0

/* CCCCCCCCCCCCCCCCCCCCCCCCCeeccceeceeceeccecceeceecceececececece
[* CCCCCCCCCCCCCCCCCCCCCCCLeCeeceececeeceeccecceccecceecceeccec
/* CCCCCCCCCCCCCCCCCCCCCCCeeCeececceceeceeccecceccecceccececcec
/* CCCCCCCCCCCCCCCCCCCCCCCeeCeececeeceecceccecceccecceecceeccec
#1993 129 0 0 0.00000000
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P 1 14722.638510 6464.319150 -21020.844810
V 1 -1196.628800 26950.022500 7502.277100
P 2 -24023.155300 -11843.563990 -1675.647210
V 2 -769.152700 -3247.508000 31255.023300
P 3 2074.555420 19025.998840 17928.366120
V 3 -6873.932300 22421.664200 -23147.529600

-8.059218

0.000000
-10.813964

0.000000
-430.859048
0.000000

15 minutesinterval
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18060
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previous. i
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A 2.277-10 P+ 1255
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» Modified Hopfield 2> zk#E24-3% (1974)
Ditrop :10—12Ni[i0’i,irik}

k=1

H v

i: 4wk (i=d) &R (i=w) e s
£ wh Wi (=90°-=% 7 §E)

I =\/(RE +h,)? - (R. cosg)® - R, sing

20 e I U 4 .
Hois Slena & 5o

a,, =1 a,, =4a
a,, =6a°+4b, a, =4a(a’+3b)
as; =a" +12a,°b, +6b* a,, =4ab (a° +3p
aq, :bi2(6ai2+4bi) Ag; :4aibi3
ag,l = i4
Ho g o_Sne o cos’e
T TTh T TR




3 )3 v La » Py 1
okt
' 7 (1996)
Niell #23% (
1 B 1 ]
a
1+ o Tdy 1+ At 1
bdry bht
1+ 0 1+t a
DY (£) = 1+cCyy Lo 1+c,y o H 1+ wet
dry _ Ay Sine 1 100 1+ Pue
sine + a I+ o
i bd’y sing + ht trop — wet
sine+——"— _ Dy Dy (€)=
SINE + Cyy sing+—"— . + A\et
sing + ¢y, sine 5
- - ; wet
sine+ —%
SINE + C
£ Th &
H=% % M Ay, > By ¥ Cyy ~ Bue  Due  Cue & A 0T 35(averagel: #iclic @

a, = 253x107°km
b, = 549%107°km
C, = 114x107%km
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e Mapping Function

REHA G B 5 AR T
%

» i BRI B FGPSTHRE A B Rt
Ale® R R AERETE
EF UL A R

1T Pk 2
et R 4t £ (ZTD) p% & (% E 'Misra and Enge, 2001)
F|H ek FE e iE AR
&+ (slant path) s#¥ix
R it 2 (Black and Eisner, 1984)

MF(£) = 007 ,/(0.0037 + 0,002+ sir? £

o
M®
3=
o
3
—+
3
o®
S
=
o
q‘
>
T
=2
3
Q
S
o
3
o]
=
(9]
=
Q
=
[\]
il
2
=
3
c
=
<
(\]
3
S
=
=
b3
o
=

H i Usin (v)




T HRAp P

~ Phase Centre Varintions

Block IIR-A

Satellite antenna PCV [mm]

Block IIR-B/IIR-M
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direct signal
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antenna image &

excess path lenght

GROUND PLANES AND
MULTIPATH SIGNALS

= Signals striking at shallow angles
attempt to create surface waves

+ Signals from below the horizon

rimhIlE st ke eliminated

1} Choke Ring weakens multipath signats 2) Zephyr Geodetic 2 consumes multipath signals
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Desirable signals are shown in green; undesirable signals are shown in red.
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> FEmUEE % $L(GNSS)

Global Navigation Satellite Systems
Global Positioning System (GPS, USA)

GLObal Navigation Satellite System (GLONASS, Russia)
Galileo (EU)
Beidou/Compass (China)

vV V VYV VY

Regional Augmentation Systems
> Quasi Zenith Satellite System (QZSS, Japan)
» Indian Regional Navigation Satellite System (IRNSS, India)

» Multi-Constellation Augmentation Service System (MASS,
China) '
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ol %, L >
¥ P GPS GLONASS Galileo BeiDou
3 i 24+3 24 9743 3045
WG Bl |6 3 3 6
Y 20,2002 2 19,1002 2 93,9222 | 21,150~ 2
) 11/ pE584 11.] pr184 14.] p506.4 12-] pE 364
P 6 & 554 64. 83 56 554
_ L1: E2-L1-El: _
LI:1575. 42 Mz | /598 695-1619. 3125 MHz | 1559-1592 Mz | D) 1:1961.098 Miz
N , L2: E5a-E5b: ,
Fs L2:1221. 60 Mz | 1949 9375-1251. 6875 MHz | 1164-1215 MHz | D21+ 1207 140 Milz
) _ E6: _
L5:1176. 45 Miz | L3:1202. 025 Miz o0 1300w, | B3:1268.52 Miz
B A UTC (USNO) | UTC (SU) UTC (GST) UTC (NTSC)
A WGS-84 SGS-E90 (PZ-90) GTRF(ITRF) | CGCS2000(ITRF)
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tem Frequency

MHz
1 1176.45
2 1227.6
3 1246
4 1561.098
B 1575.42
6 1602
7 1207.14
8 1542

GNSS % #f T 5

Constellations
supported

GPS L5
Galileo E5a
QZSS

GPS L2, Pand M
codes

QZSS
Glonass L2
Beidou B1

GPS L1 C/A, P and
M codes

Galileo E1

QZSS

Glonass L1

Beidou B2, Galileo
ESb, Glonass G3

SBAS based on
Inmarsat

(Omnistar, Starfire)

System Blocks Signals Sats
L1 /A, L1/L2
A P(Y) 8
L /A, L/L2
GPS IIR-A/B B(Y) 12
IIR-M +L2C 7
HF +15 4
M Li/L2C/A+ P 24
GLONASS
K +13 (1)
GEO B1, B2, B3 5
BeiDou IGSD B1, B2, B3 5
MEOD B1, B2, B3 4
E1, (EB),
Galileo oV Esa/b/ab (4)
L1 C/A, 11C
Q155 n/a SAIF 1
L2C, E6 LEX, LS
IRNSS n/a Ls,S (1)
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