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Outline  

ÅGNSS Systems 

ÅGPS ï How it works 

ÅPseudo-range measurement 

ÅCarrier phase measurement 

ÅStandard GNSS navigation solution 

²Found in every receiver 

²We can (must) do better than this for Earth Sciences 

ÅGNSS error budget  

ÅWhat to do about ité? 

ÅGNSS Carrier Phase Solution 

ÅIntegrated Water Vapour (IWV) Processing 

ÅDifferential (Relative) GNSS Baseline and Network Solutions 

ÅInternational GNSS Service 

Åé 
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GNSS SYSTEMS  

 

Fundamentals of GNSS Processing 
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GNSS Overview  

ÅGlobal Navigation Satellite System 

(GNSS)  *) 

²GPS (U.S.A.) 

²Galileo (Europe) 

²GLONASS (Russia) 

²BEIDOU (China) 

ÅGeneric term for any system that 

provides autonomous geo-spatial 

positioning with global coverage 

ÅEach system has 3 basic components 

²Space segment (satellites) 

²Control segment (maintenance and 

service) 

²User segment (receivers, etc.) *) regional systems IRNSS,QZSS 
not included in overview. 
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GLONASS Ą FOC 2010  

 

GPS Ą FOC 1995 

GALILEO Ą FOC 2019? 

 

BEIDOU Ą FOC 2020 

GNSS =  
    Global 
       Navigation 
          Satellite 
             System 

FOC=Full Operational 
Constellation 
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GNSS Satellite Orbits  

GPS GLONASS BeiDou  Galileo  

Orbital height 20,180 km  19,130 km  21,150 km 23,220 km 

Orbital period 11 h 58m 11 h 16m 12 h 38m 14 h 5m 

Revs/siderial_day 2 17/8 17/9 17/10 

Inclination 55o 64.8o 55o 56o 

GPS GLONASS BeiDou  Galileo  

#  MEO  24 (30)  24 (24)  27 (4)  30 (6)  

# IGSO 3 (5)  

# GEO WAAS/EGNOS 5 (5)  EGNOS-2 

MEO orbit parameters: 

Number of satellites:        #nominal (#operational)  

MEO = Medium Earth Orbit 
IGSO = Inclined Geo Synchronous Orbit 
GEO = Geostationary Earth Orbit 

WAAS, EGNOS, é are regional 
augmentation systems. 
IRNSS,QZSS not included in overview. 

In 2020 we could 
have 100 satellites 



7 GNSS4SWEC Summer School, Bulgaria, 2014 

BeiDou  
MEO satellites  

É Adapted from Wikipedia 

//upload.wikimedia.org/wikipedia/commons/b/b4/Comparison_satellite_navigation_orbits.svg
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GPS Satellite Ground Tracks  

nearly circular orbits 

orbital period 11h58m 

20,200 km altitude  

inclination 550 

6 orbital planes 
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BeiDou Ground Tracks (9 Oct 2013)  

MEO 

IGSO 

GEO 
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GPS and GLONASS Skyplots (Delft)  

GPS GLONASS 

Repeats daily (2 revs/siderial day) Repeats every 8 days  
              (17/8 rev/siderial day)  
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More GPS Skyplotsé 

North Pole Equator 

1-Dec-1999, 24h period 
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GNSS Frequencies  

GPS GLONASS BeiDou  Galileo  

coding  CDMA FDMA/CDMA CDMA CDMA 

Upper L band 
(MHz) 

1575.42 (L1) 
1593-1610 
(G1) 

1561.098 (B1) 
1589.742 (-) 

1575.42 (E1) 

Lower L band 
(MHz) 

1227.06 (L2) 
1176.45 (L5) 

1237-1254 
(G2) 
1207.14 (G3) 

1268.52 (B3) 
1207.14 (B2) 

1278.75 (E6) 
1207.14 (E5b) 
1176.45 (E5a) 

status is modernized CDMA planned 

1575.42 (L1)  -  Fully operational signals 
1207.14 (B2)  -  Signals in build up phase 
1589.742 (-)   -  Not yet detected 
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GNSS Frequencies  

BEIDOU Bands                  
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GPS ð HOW IT WORKS  

 

Fundamentals of GNSS Processing 

 

but also how other GNSS systems work é 
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GPS System ð how it works  

Space segment 

 

Å30 spacecraft (24 nominal) 

Å20200 km altitude (11:58 orbit)  

ÅSpread across 6 orbit planes 

ÅInclination 55o 

 

Control segment 

 

ÅTracking stations 

ÅSatellite ephemerides computation 

ÅUpload of ephemerides to satellites 
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GPS System ð how it works  

ÅSignal transmitted on two frequencies 

²f0 = 10.23 MHz (fundamental freq) 

²L1 = 1575.42 MHz = 154*f 0 

²L2 = 1227.60 MHz = 120*f 0 

 

ÅPseudo Random Noise (PRN) code 

²Additional signals super-imposed on L1 and L2 

²C/A = Coarse/Acquisition code  (only on L1) 

ÇRepeats every millisecond 

ÇUnique code for each GPS satellite 

ÇCan get position to within ~5m  

²P-code, A/S 

 

ÅSatellite ephemeris in data message 
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GPS System ð how it works  

ÅReceiver identifies each GPS sat signal through PRN (code division 

multiple access) 

 

ÅPosition of GPS satellites known through broadcast ephemeris 

(updated every 4 hours)  

 

ÅTravel time of signal determined by comparing received and 

internally generated PRN codes 

²More accurate methods measure phase of signals 

 

ÅReceiver clock often not that accurate, so need to track an 

additional satellite to estimate clock error  

²Need at least 4 GPS satellites in total to determine position 
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GPS signal components  

From: Misra and Enge 
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Binary Phase Shift Keying (BPSK)  

+1  

-1 

carrier 

code and data 

signal 

)(tf

( ) ( )C t D tÄ

( )S t

phase shift 180o 
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Binary Phase Shift Keying (BPSK)  
FREQUENCY DOMAIN TIME DOMAIN

CARRIER

PRN-CODE

SPREAD 
SPECTRUM

SIGNAL

f0 = 1.5 GHz

f0 = 1.5 GHz

2.046 MHz

f

CARRIER

sin x

x
-  SPECTRUM( )

2
1   1   0   0   0   0   1   1   1

Role of PRN code: 
-Acts as identifier for the satellite  
-Ranging signal (timing code) 
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PRN codes 

Two functions: 

- Time signal => pseudo -range 

- Identification of satellite  

 

Both functions achieved through 

auto correlation 

 

 

 

 

 

PRN codes have high auto-

correlation and low cross-

correlation 

[Abid, 2005]  

Matching PRN 
generated by 
receiver 
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GPS signal components  

ÅAll signals and time information are coherently derived from the same clock with 
a frequency of f0=10.23 MHz  

  

ÅSignal components Frequency  Wavelength / chiplength 

L1 carrier   1575.42 MHz (154*f0) 19.05 cm 

L2 carrier   1227.60 MHz (120*f0) 24.45 cm 

C/A  code on L1  1.023 Mbits/sec (0.1*f 0)  293 m 

P(Y)  code on L1 & L2  10.23 Mbits/sec (f0) 29.3 m 

Broadcast message  50 bits/sec 

 

 

In future: additional civil codes on L1, L2 and L5  

Y-code is encrypted version of P-code (using encryption code W) 
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ÅBPSK modulation with a PRN code sequence produces a broad bandwidth 

 This is why it is also called spread spectrum modulation 

ÅLimits the interference from other signals  

ÅChosen by the U.S. military to prevent jamming and spoofing  

Å Spectrum is a sinc function 

  

 

 

 

 

 

 

 

ÅGPS signals are very weak when received (below the noise) 

GPS Spread -Spectrum signal  

sin x

x
-  SPECTRUM( )

2

2.046 MHz

CA CODE

P CODE

f

L2 SIGNAL L1 SIGNAL

20.46 MHz20.46 MHz

1227.6 MHz 1575.42 MHz
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PSEUDO -RANGE 

MEASUREMENT  

 

Fundamentals of GNSS Processing 

 

how to measure GNSS satellite ranges 

a.k.a. code (phase) measurement 
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Pseudo-range measurement  

    transit time  

 

   true  GPS time at which code is received 

     

   emission time (imprinted on signal)  

     

   arrival time (Rx clock reading) 

t

( )st t t-

()rt t

t

() ( )( ) s

rt c t t t tr tè ø= - -ê úPseudo -range  

Ą 70 to 90 ms 
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Receiver clock bias  

receiver clock bias 

t

( )rt td

Receiver clocks: drift! 

Deviation from GPS time limited to Ñ1 ms: 

Åcontinuous clock steering, or, 

Åreset (clock jump!) when certain 
threshold is reached 

() ( )r rt t t t td= + rt
() ( )r rt t t t td= +

rt t=
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Satellite clock bias  

satellite clock bias 

receiver clock bias 

estimated by 
control segment 

( ) ( ) ( )s st t t t tt t d t- = - + -

() ( )r rt t t t td= +
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Pseudo-range observation equation  

( ) ( ) ( )s st t t t tt t d t- = - + -

() ( )r rt t t t td= +

() ( )

()( ) ( )

() ( )

( ) ( )

( )

( )

s

r

s

r

s

r

t c t t t t t

c t t t t t t t

c c t t t t t

r

r

r

r t e

d t d t e

t d d t e

è ø= - - +ê ú

è ø= + - - - - +ê ú

è ø= + - - +ê ú

Unmodeled 
effects and 

errors 
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Pseudo-range observation equation  

() ( )( ) ( )s

rt c c t t t t trr t d d t eè ø= + - - +ê ú

clock biases noise + errors  

distance traveled by signal 
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Pseudo-range observation equation  

() ( )( ) ( )s

rt c c t t t t trr t d d t eè ø= + - - +ê ú

clock biases noise + errors  

distance traveled by signal 

geometric range  ionosphere  
         and troposphere delays 

( , ) ( ) ( )c r t t I t T tr rt t= - + +
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Pseudo-range observation equation  

s

ur I T c t tr r rr d d eè ø= + + + - +ê ú

pseudorange measurement = 
biased and noisy measurement of 
the geometric range r 

This is the ñgeometry freeò pseudo- range 
observation equation (for all GNSS systems)  
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Pseudo-range observation  

Why? 
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actually Carrier-to-Noise density ratio 
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Signal strength  

down to 25 dB-Hz, pretty good receiver é 

Elevation changes, then 
-> (pseudo) -range changes 
-> SNR changes 
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C1 - all PRNs

they get longer as time proceeds é? 

? 

Pseudo-range observations  
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Receiver clock error  

oscillator in receiver has stability of about 10 -7 s/s 

Pseudo-range get longer as time proceeds é? 
 
It is the receiver clock drift!  
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CARRIER PHASE 

MEASUREMENT  

 

Fundamentals of GNSS Processing 

 

Carrier phase measurements are 
more precise than pseudo-range 
measurements (dm Ą mm) 
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Use carrier phase F instead of pseudo-ranges 
Å phase measurement accuracy 1% of l Ý mm accuracy  

Å have to determine (ñfixò) ambiguity N 
ü Ambiguity resolution, or,  
ü Code-Carrier phase smoothing 

 

Carrier Phase Measurements  

p

FÖl
+lÖ=

2
Nd

p

FÖl

2

lÖN

L1 wavelength about 19cm 
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Carrier Phase measurements  

 

 

 

 

 

 

 

Carrier phase : 

  

 

[cyc] f0( )tf ( )tf

0( )f t tÖ -

0 0( ) ( ) ( )t t f t tf f= + Ö -

= number of cycles since 
starting point of interval  

 

0

Very precise!  

mm instead of dm 


