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AGENDA

► Overview about Satellite Positioning Systems 

► How does GNSS work?

► Localization Mode vs. Generic Mode

► Which testing items we need to do for the receiver

► What is our testing solution

► Q&A
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OVERVIEW 

► GPS : Global Positioning System (GPS)_31 Satellites running in orbit, US

► GLONASS: Global Navigation Satellite System (GNSS), now 24 Satellites running in orbit, RUSSIA

► Galileo: Global Navigation Satellite system (GNSS), now 30(24) Satellites running in orbit, European 

Union

► BeiDou: BeiDou Navigation Satellite System, now 30(35) Satellites running in orbit, China

► QZSS: Quasi-Zenith Satellite System (QZSS) now 5(7) Satellites running in orbit, Japan
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GPS STANDARD BASIC

► Operated by the United States government

► First launch in 1978 

► Provides free standard positioning service 

(SPS) and precision positioning service (PPS) 

for authorized users

► 24 (plus three spare) baseline satellites; 

currently > 30 operational SVs

► Six orbital planes with an inclination of 55°

► Orbital altitude: ~20 200 km

► Orbital period: 11 h 58 min (half a sidereal day)

► Ground track repetition period: 23 h 56 min 

(one sidereal day)
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GLONASS STANDARD BASIC

► Operated by the Russian government 

► First launch in 1982

► Provides free standard positioning service (ST) 

and precision positioning service (VT) for 

authorized users

► 24 baseline satellites; currently 24 operational 

SVs

► Three orbital planes with an inclination of 

64.8°

► Orbital altitude: ~19 150 km

► Orbital period: 11 h 16 min 

► Ground track repetition period: eight sidereal 

days
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GALILEO STANDARD BASIC

► Joint initiative of the European Commission (EC), 

the European GNSS Agency (GSA) and the 

European Space  Agency (ESA)

► First launch in 2011

► Provides open service (OS), public regulated 

service (PRS) for authorized users, commercial 

service (CS) and search and rescue service (SAR) 

► 27 (plus three spare) baseline satellites; currently 

22 operational SVs

► Three orbital planes with an inclination of 56°

► Orbital altitude: ~23 222 km Orbital period: ~14 h

► Ground track repetition period: 10 sidereal days
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BEIDOU STANDARD BASIC

► Chinese GNSS, managed by the China Satellite 

Navigation Project Center (CSNPC)

► First launch in 2000

► Provides free open service (OS) and authorized 

service (AS)

► 30 baseline satellites (BeiDou-III); currently 29 

operational SVs

► 24 MEO, 3 IGSO, 3 GEO satellites (BeiDou-III)

► MEO satellites:

◼ Three orbital planes with an inclination of 55°

◼ Orbital altitude: ~21 500 km

◼ Orbital period: ~13h

◼ Ground track repetition period: seven sidereal 

day
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QZSS STANDARD BASIC

► Covers East Asia and the Oceania region

► Augmentation and complementary system to 

GPS

► One geostationary and three geosynchronous 

satellites

► Outlook: extension to a standalone regional 

navigation satellite 

► system (RNSS) with seven satellites is being 

carried out
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WHAT IS GPS?
GPS IS A SATELLITE NAVIGATION SYSTEM
► GPS is funded and controlled by the U. S. Department of Defense (DOD). While there are many 

thousands of civil users of GPS world-wide, the system was designed for and is operated by the U. S. 

military. 

► GPS provides specially coded satellite signals that can be processed in a GPS receiver, enabling the 

receiver to compute position, velocity and time. 

► Four GPS satellite signals are used to compute positions in three dimensions and the time offset in the 

receiver clock. 
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HOW DOES GPS WORK?
SETUP OF A GPS SYSTEM
► Every satellite sends information about position and time of transmission

► Receiver analyzes signal and compares time information with own clock

01/27/2022 GPS於衛星之應用 Application of GPS in Satellite(GNSS)10 COMPANY RESTRICTED



Rohde & Schwarz

HOW DOES GPS WORK?
TRILATERATION IN 2D
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HOW DOES GPS WORK?
TRILATERATION IN 3D
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HOW DOES GPS WORK?
TRILATERATION IN 3D

01/27/2022 GPS於衛星之應用 Application of GPS in Satellite(GNSS)13 COMPANY RESTRICTED



Rohde & Schwarz

HOW DOES GPS WORK?
TRILATERATION IN 3D
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HOW DOES GPS WORK
PHYSICAL SIGNALS

► C/A-Code and P-Code are BPSK modulated

► M-Code coming up with new sat & new 

frequency

► Satellites identify themselves with 37 C/A-Codes 

(Gold-codes)

► GPS receivers are using signal propagation 

delay, phase information and Doppler shift
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C/A: Coarse Acquisition

P: Precision
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GNSS ON SMBV100B
ADDRESSED TEST APPLICATIONS
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can be configured as

GNSS production tester

▪ Single- or multi-frequency

▪ GPS, GLO, GAL, BD

▪ L1/L2/L5

▪ 1 SV per system/freq.

GNSS constellation simulator

▪ Single- or multi-frequency

▪ GPS, GLO, GAL, BD, QZSS, SBAS

▪ L1/L2/L5

▪ 102 channels

Upgrades are

possible

COMPANY RESTRICTED



Rohde & Schwarz

HOW DOES GPS WORK
ALMANACH

► Describing the track of each satellite
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SV ID

Week 

Number

Time of 

week

Parameter-

set
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SMBV100B-K44
SIMULATION MODE

18

► Real Navigation Data

− Data from Almanach

− Almanach data is 

released twice a week 

in the internet

e.g. 

www.celestrak.com/GP

S/almanac/SEM

− Date and time of the 

simulation has to be 

set
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HOW MANY SATELLITES CAN BE SIMULATED?

◼ SMBV-K44

◼ SMW-K44
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HOW MANY SATELLITES CAN BE SIMULATED?
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CONFIGURATION OF SMBV100B
GNSS CONSTELLATION SIMULATOR
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LOCALISATION MODE
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LOCALISATION MODE-STATIC
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LOCALISATION MODE-MOVING
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EXAMPLE FOR RECEIVERS_1
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EXAMPLE FOR RECEIVERS_2
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TYPICAL RECEIVER TESTS 

► Time To First Fix (TTFF) under cold, warm or hot start conditions

► Location accuracy (relative and absolute location accuracy, moving location accuracy)

► Sensitivity (acquisition sensitivity, tracking sensitivity)

► Reacquisition time

► Interference testing

► Multipath testing

► Testing under varying ionospheric and tropospheric conditions
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GNSS ON SMBV100B
TEST CASES COVERED BY SMBVB-K362
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Thank your for your attention 
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