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N i ti S t ithNavigation System with
Global Positioning SystGlobal Positioning Syst

h Ti i d R ih Timing and Ranging 
temtem



History of GPSHistory of GPS

1978: launch
1973: start of the NAV

1978: launch 

2000: SA off

1993: fully operational 
with 24 SVs

of 1st GPS SV
with 24 SVs

VSTAR GPS project
of 1st GPS SV

p j



Initial goals of GPg

3D positioning on earth
and in proximity
(possibly moving)

speed of

unlimited #users independen

PS

f objects time information

nt of weather immunity to jamming



SSS t iSystem overview



Satellite constellaSatellite constella
MEO SVsMEO SVs

ationation



Satellite types in 

Block I, total 11 SVs,
launched from 1978

Block IIR/IIR-M total 15 SVsBlock IIR/IIR M, total 15 SVs
launched from 1997

GPS

Block II/IIA total 28 SVsBlock II/IIA, total 28 SVs
launched from 1989

Block IIF total 12 SVsBlock IIF, total 12 SVs
launched from 2005



SVSV
space vehicle



GPS-2RMGPS-2RM 
(launched(launched 
Sept 2006)Sept 2006)

Weight: 845 kgWeight: 845 kg





June 23, 2004: 

GPS IIR 12GPS IIR-12



SV launch procesSV launch processsss



Source: Uni Münster



29 usable GPS SVs ass of April 12, 2010



TrajectoriesTrajectories
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Master Control &
Monitor Station Net

uplink in S-band
(2 4 GH )

twork
(2-4 GHz)



Control segment g

b ti fobservation of
SV movement

computa
epheme

ti h i titime synchronization
of SVs

surveillance
clocks

tasks
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transmission oftransmission of 
navigation data to SV
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th
The user segment is 
he least specified



Was wird übertraWas wird übertra

• 50 bit/s Datenstrom
• 30 sek Übertragungsz
• 12.5 min Übertragung
• HF Si l li t b i 1 5• HF-Signal liegt bei 1.5

gen?gen?

zeit für einen Satz
gszeit für alle Daten
57542 GH57542 GHz



Data transmitted f

time and synch signals ephem

time correction signals ionosph

from SV

merides almanach

heric data health information



Ein GPS-Modul
(kompletter Empfä

16 x 12.216 x 12.2 

änger) ist klein!

x 2.4 mmx 2.4 mm



Was brauchts noWas brauchts nooch?och?



Empfangene Leis

Sendeleistung: 22 W

stung: 10-16 W



SV signals are likeg

satellite 1

satellite 2

e fingerprintsg p



GPS receiver genGPS receiver gen

Single ch

25 x 25

17 x 22

2030 x 30

25 x 25
LEA

2003: 3rd g
TIM

1998 1st

2001: 2nd gen

1998: 1st gen

nerationsnerations

2010: 6th gen12 x 16

hip

2007: 5th gen

2010: 6th gen
NEO

005: 4th gen
g

en



Albert EinsteAlbert Einste

born 1879
1905 photoelectric effect1905 photoelectric effect
1905 special theory of relativ
1915 general theory of relativ
1921 Nobel Prize in Physics1921 Nobel Prize in Physics
† 1955†

einein

vity
vity



GPS d th thGPS and the the f l ti iteory of relativity



Special relativity: pro
mirrormirror

oblem formulation:
moving observer:
the light covers a distance of
s = 2h .
Hence,

stationary observer:

t = s/c = 2h/c .

stationary observer:
the light covers a distance of

222 4htvs  .
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Relativistic effectsRelativistic effects
special relativityy

v=3880m/sv=3880m/s
SV clock lags by 7.2us 

per day!

net effectnet effect

SV clock leads by 38.7us per
SV covers 15cmSV covers 15cm
 earth rotates 17mm (equa

general relativityg y

h=26’000kmh=26 000km
SV clock leads by 45.9us 

per day!

S l tiSolution:

r day! reference frequency =
10 229999995433 MHz

ator)
10.229999995433 MHz 

instead of 10.23 MHz 



Acquisition modeAcquisition mode
ld t tcold start: 

nothing is knownnothing is known

warm start: 
restart outside 2h

hot start: 
immediate restartimmediate restart 

eses

(within 2h)(within 2h)



Tracking (never lTracking (never l

carrier frequencyq y

carrier phase

let go)let go)

code phase



Doppler effectDoppler effect

Christian Andreas Doppler (1803 – 1853)







Doppler effectDoppler effect
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Performance depep

global location local lo

quality of signal complexity 

ends on ...

ocation dynamic movements

of receiver interference (jamming)



Precision is reduc

time errors (10ns = 3m) ephemeride

multipath propagation bad geo

ced by ...y

es precision refraction in 
troposphere/ionosphere

ometry implementation loss



Ranging with spRanging with sppherespheres

Position



Navigation solutNavigation soluttiontion



Earth Centered Earth F

Greenwich Meridian

equator

x

ixed coordinate system
North Pole (Zenith)

z

Earth Centre

y

Earth Centre

y

Direction of Earth’s rotation



Quality is not perQuality is not per

availabilityy

rformance alonerformance alone

performance 
(precision)

integrity



What’s in the pipWhat s in the pipeline for GNSS?
Glonass

eline for GNSS?
Glonass

Beidou/Compass

QZSS
IRNSS



Glonass developmpment



Giove-A, launched on 

Gi B l h dGiove-B, launched on

Dec 28, 2005

A il 27 2008n April 27, 2008







Picture: ESA – J. Huart



Picture: ESA – J. Huart



GPS antenna sizeGPS antenna sizeee

normal  size



How does the iPhon

BTS database

WLAN database

ne get its position?g p

+

WLAN Access Point







GPS im NationalpGPS im Nationalppark (Webpark)park (Webpark)



GeocachingGeocaching





Exotic applicationpp ns



Applikationen amApplikationen am

Position wird nicht (nur

- GPS-Logger

- GPS-Tracker

- Antikollisionssystem fy

mm

r) vor Ort gebraucht

für Busse



GPS-LoggerGPS-Logger







Anforderungen a

• B-Post kann mehrere TageB Post kann mehrere Tage 
 Beschleunigungssensor z

• GPS-Signal kann schwach se
 Einsatz empfindlicher Emp

• wenig Platz, tiefes Gewicht
 speziell flaches Design, fla speziell flaches Design, fla

an GPS-Logger

unterwegs seinunterwegs sein
ur Bewegungsdetektion

ein
pfänger und Offline-Ephemeriden

ache Batterieache Batterie



GPS-TrackerGPS-Tracker



GPS Tracker - SyGPS Tracker - Sy

GPS Tracker

GPS Tracker

GPS Tracker

ystemaufbauystemaufbau









GPS Tracking -g

• SOLA Stafette
• Ironman 70.3 Rappe

I Zü i h• Ironman Zürich

• Linienbus RapperswLinienbus Rappersw
• Ingenieurtramg

Einsatz

erswil

wil (Schneider Busse)wil (Schneider Busse)



AntikollisioAntikollisio
fü B ifür Busse i

onssystemonssystem 
i G biim Gebirge

72



The VirtuaThe Virtua
Post Bus 

P f D H i MProf. Dr. Heinz Ma

alal 
Horn

thiathis
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Was ist das ProbWas ist das Prob

•
• Kleine Busflotte (10 12 Busse• Kleine Busflotte (10-12 Busse
• draussen: Schwierigkeit zu kr

unübersichtliche Kurven Furcunübersichtliche Kurven, Furc
• drinnen: schwierige visuelle u

Vib tiVibrationen

lem?lem?

e) mit Exklusiv Strassenzugange) mit Exklusiv-Strassenzugang
reuzen (schmale Strasse,
chen)chen)
und akustische Umgebung,



System-DesignSystem Designnn
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150m distance
77

150m distance



100m distance
78

100m distance



50m distance
79

50m distance



Danke fürsDanke fürs
FFrag

s Zuhören!s Zuhören!
?gen?


