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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
. . Service name C/A P(Y) LiC L20L M-code 150
» First launch in 1978 E— U . , U .
L2 L2
» Provides free standard positioning service Comerfeaiensy 1 B2 ggme s S5 s
(SPS) and precision positioning service (PPS) Madulation BPSK(1) BPSK(10) m‘fﬂfn BPSK(1) BOCI05)  OPSK(10)
f th . d Access technigue  CDMA CDMA CDMA COMA COMA CDMA
Or authoriZzed users ﬁ”qu”e““ 1023 1023 1023 gg”g 5115 10.23
» 24 (plus three spare) baseline satellites; PNwdelergt 102 Ge oz 20 1022
currently > 30 operational SVs Tenrne e . » . : 0
» 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)

27 L1CA

.Suppnned by Rohde & Schwarz
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GLONASS STANDARD BASIC

v

Operated by the Russian government
First launch in 1982

Provides free standard positioning service (ST)
and precision positioning service (VT) for
authorized users

vy

» 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

vwvyy

GLONASS signal plan

G3l

Service name C/A P Gin
G1 G1
Frequency band a2 62 G3
1602 + k-0.5625 1602 + k-0.5625
Center frequency in MHz 1246 + k-0.4375 1246 + k-0.4375 1202.025
ke[-76] ke[-76]
Modulation BPSK(0.5) BPSK(S) 0PSK(10)
Access technique FDMA FOMA CDMA
Code frequency in MHz 051 5N 1.023
PRN code length 511 511108 10230
Data rate in bps 50 50 100
GLONASS spectrum
=
@ >
Q“@
&
&5
S G1 C/A

B Supported by Rohde & Schwarz
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GALILEO STANDARD BASIC

vy

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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Galileo signal plan
E5a 0§
Service name E108 PRS E5b 0S E6CS
E1
Frequency band El £ ES E6
1575.42 1176.45
Center frequency in MHz 1575.42 1278.75 1207.18 1278.75
) BOC|15,2.5)
Maodulation CBOC(6,1,1/11) BOC(10.5) AItBOC{15,10) BPSK(5)
Access technique CDMA COMA COMA COMA
Subcarrier frequency 15.345
in MHz 6.138, 1.023 1023 15.345 -
Code frequencyinMHz ~ 1.023 g:’?gs 1023 5115
Primary PRN code length 4092 - 10230 5115
Galileo spectrum

Eba 0S Ebb 0S E6 CS E108

M Supported by Rohde & Schwarz
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BEIDOU STANDARD BASIC

» Chinese GNSS, managed by the China Satellite
Navigation Project Center (CSNPC) Seeerome  gioig  BICOS] 200 P g
. . Frequency band B1 B1 B2 B2 B3
» First launch in 2000 Comter FeQUency  15g1008 157542 1207.14 117645 1268.52
» Provides free open service (OS) and authorized Veaien  BZ  mggieny  peqn SO B
. Access technique COMA COMA COMA CDMA COMA
service (AS) e 2046 1023 e 1023 1023
» 30 baseline satellites (BeiDou-Ill); currently 29 oy P TS oz e 10z30 10230
Operatlonal SVS Data rate in bps 500 100 500 200 500
| |
» 24 MEO, 3 IGSO, 3 GEO satellites (BeiDou-lll)
> MEO Satellltes B2a 05 B2I 08 B3I 08 B110S B1C 08
m Three orbital planes with an inclination of 55°
m  Orbital altitude: ~21 500 km - >
m  Orbital period: ~13h
m  Ground track repetition period: seven sidereal I Supparte by Rohde & Schwar

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
(2535 signal plan

. L2CM L5l

1 1 ! " 1

Service name C/A Lic SAIF LacL 5ol LEX
Frequency band L1 L1 L1 L2 L5 E6
EE“M‘a’z“q”"“c"’ 1575.42 1575.42 1575.42 12216 1176.45 1278.75
Modulation BPSK(1) BOC(1,1) BPSK(1) BPSK(1) BPSK(10] BPSK(5)
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WHAT IS GPS?
GPS IS A SATELLITE NAVIGATION SYSTEM

» GPSis 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

Delay of signal

Signal at satellite i

Signal at receiver ITimestamp

Distance to satellite = Speed of light * Delay of signal
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HOW DOES GPS WORK?

TRILATERATION IN 2D
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HOW DOES GPS WORK?

TRILATERATION IN 3D

LS
If the receiver finds that it is
X miles from one satellite, it
knows that it must be
somewhere on an imaginary
sphere, with the satellite as
the center and a radius of X.

© 2000 How Stuff Works
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HOW DOES GPS WORK?

TRILATERATION IN 3D

If the receiver can generate
these spheres for two
satellites, it knows it can
only be located where the
surfaces of the two spheres
intersect.

© 2000 How Stuff Works
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HOW DOES GPS WORK?

. ‘

TRILATERATION IN 3D

J'
- R
By generating a sphere
for a third satellite,
the receiver narrows its
possible positions down
to two points.

© 2000 How Stuff Works
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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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L1 CARRIER 1575.42 MHz

VAN AVAL

C/A CODE 1.023MHz

NAV/SYSTEM DATA 30 Hz

LTI

P-CODE 10.23 NMHz

X L1 SIGNAL

® Mixar
@ Maodulo 2 Sum

ML i

L2 CARRIER 1227.6 MHz

GPS SATELLITE SIGNALS

@ﬁ L2 SIGNAL

P H DANA 453

C/A: Coarse Acquisition

P: Precision
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GNSS ON SMBV100B

ADDRESSED TEST APPLICATIONS

GNSS production tester

Single- or multi-frequency
GPS, GLO, GAL, BD
L1/L2/L5

1 SV per system/freq.

can be configured as

Upgrades are

possible

Bed68 ¥

GNSS constellation simulator

Single- or multi-frequency
GPS, GLO, GAL, BD, QZSS, SBAS

L1/L2/L5

102 channels
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HOW DOES GPS WORK

ALMANACH

» Describing the track of each satellite

Week
Number

E'. sem282-061440.txt - Editor

=10l x|

Parameter-

set
_~

\ Datei Bearbeiten Format  Ansicht 7
- 1l LALLM 1 -
282 Yald4d0 Tlme Of j
week
1
32
0
0.080224533081055E-0002 0.120399959389048E-0001 -0, 24625116524 011E-0008
0.51535834900938E4+0004 -0, 3937EG7E798a70E4+0000 -0, 5280534029007 0E+0000
SV ID 0. 50222930491 272E4+0000 O.38337707519531E-0003 0.3037978807091L7E-0011
0
G
»
DS =
L94914436340332E-0002  0.45871734619141E-0002 -0, 2579326974 2280E-0008
< 0.51530000970503E+0004 O.93008218231201E+0000 0.55633103847504E+0000
L B0988000254059E+0000 -0.44822092871094E-0004 0.72755570l418534E-0011
0
=
< A
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SMBV100B-K44
SIMULATION MODE

» Real Navigation Data
— Data from Almanach

— Almanach data is e
released twice a week | @~ .| el e e
in the internet . . e
e.g. i
www.celestrak.com/GP 2
S/almanac/SEM =

— Date and time of the
simulation has to be
set
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http://www.celestrak.com/GPS/almanac/SEM

HOW MANY SATELLITES CAN BE SIMULATED?

B SMBV-K44
m SMW-K44
o R AN -~
Set To Recall Save
I Default Scenario Scenario @ Scenano
Test Mode o Scenario
Navigation None
eGNSS Configuration ...
esmulation Monitor ..
0 Data Generation ...
Logging Off
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HOW MANY SATELLITES CAN BE SIMULATED?

GNSS: GNSS Configuration

Systems & Signals Satellites Noise / CW Interferer _

SV Selection Criteria ...

Reference Power

-120.00 dBm
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CONFIGURATION OF SMBV100B
GNSS CONSTELLATION SIMULATOR

Min. HW configuration

SMBV base unit
SMBVB-B103
SMBVB-K520
[ I | [ | GNSS options
SMBVB-K44 SMW-K98 SMBVB-K66 SMBVB-K94 SMBVB-K107 SMBVB-K132
Legacy GPS Mod. GPS Galileo Glonass BeiDou Mod. BeiDou

SMBVB-K109 SMBVB-K108 SMBVB-K134 SMBVB-K136
HIL Real World Dual-frequency Add 6 GNSS

Simulation GNSS channels

| I

SMBVB-K135 SMBVB-K137
Triple-freq. Add 12 GNSS

GNSS channels

Other GNSS options
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LOCALISATION MODE

Auto Internal

Set To Recall ) Save Predefined
Default Scenario Scenario Scenario
’ Test Mode . Scenario 2
Navigation None

@ Data Generation ...
Logging Off

o . )
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LOCALISATION MODE-STATIC

GNSS: GNSS Configuration

Systems & Signals | Time Receiver Noise / CW Interferer _

GNSS: Position Configuration

@Simulation Monitor ...

Position
Number of Antennas

Environment Model

23 Rohde & Schwarz

. v Position Configuration ...
Static 9

11 Antenna Configuration ...

Environment Configuration ...

Line of Sight (LOS) |

Location
Munich o
Reference Frame J ”'
‘ wesss || &
= 30~
Position Format A e
DEG:MIN:SEC |
T ' o ° 2| 180 -135° -90° -d5°
48° 93 0.0000" Nonh_‘
| Longitude 0‘; S
11° 35' || 0.0000" East ‘
| Altitude
| 508.00 m ‘
| Attitude Behaviour °
More ...
Constant

£

01/27/2022 GPSHAEE 2 MM Application of GPS in Satellite(GNSS)

o

45 90 135 180°
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LOCALISATION MODE-MOVING

GNSS: GNSS Configuration GNSS: Position Configuration — | X
Systems & Signals | Time LECI T M Satellites | Atmosphere | Noise / CW Interferer GWaypoint File . .
Munich_Car_Motion.xtd || 0% ®
. . . Duration 9| 3~
Slmulatlon Monitor ... 560200 s o~
; Readout Mode 2| -30-
Position o < . 7
Moving' Position Configuration ... Cyclic (restart after last point) | -so-
Reference Frame
Number of Antennas : v
1v Antenna Configuration ... WGS-84
: Motion Behaviour
E t Model
rrenmennace Line of Sight (LO S)' Environment Configuration ... al is Nfl' vav'hmq. O | More..
Attitude Behaviour More
From Waypoint File B
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EXAMPLE FOR RECEIVERS _1

Ente EaRf MEEHE  WREE 2 RBF  E5E8s A

AR

wRET HBN6.050 « AL SUMTER
AW 1024 = 600 W
L] 17.27x99x1.78cm
=R 239.685%
PoEksRtade B8GB
shgE+ microSD (K-8 i 8
WL/ MR 1,000 / 1004 r"“"‘"“ﬂ'x{f’:"mﬁ'fﬁ
WHNE mini USB
\ FEERH 20°C~55°C
17 i 14 x L] BETRIS (B TR e -
. ey
. . ' -
’g ;umﬁm WEEERSR GPS / Galileo ‘
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EXAMPLE FOR RECEIVERS_2

26 Rohde & Schwarz

01/27/2022 GPSHAEE 2 MM Application of GPS in Satellite(GNSS)

GPS+BeiDou+Galileo (FEMiE) ;
GPS+GLONASS+Galileo (R{BipE)

(AR

GPS: L1/12;
GLONASS: L1/L2;
BeiDou: B1/B2;
Galileo: E1/ES
EE(UESME): <S50s

EMRSE: ZEB1.5cm+1ppm (RMS) ;
KFE1 cm+1 ppm (RMS)

1 ppm RIERITEESIEE) 1 km B22IR01 mm
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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

Test [Performance tests Testdescription
case

Verify NMEA transmission fromDUT  Checks for compliance of the NMEA messages coming fromthe DUT against the NMEA specification, and

detects missing or corrupts NMEA sentences.

Location accuracy (static receiver) Measures the accuracy of the position obtained by the DUT relative to the actual (simulated, static) position.
Location accuracy (movingreceiver) Measures the accuracy of the position obtained by the DUT relative to the actual (simulated, moving) position.
Time-to-firstfix (TTFF) Measures the time from switching on the DUT to the availability of the first valid location fix.

Reacquisition time Measures how long it takes for the DUT to restore its position information after having lost the GNSS signals for

a certain period of time.

Trackingand acquisition sensitivity Determines the minimum required signal level that allows the receiver to successfully perform or maintain a

position fix.

Functional RAIM test Determinesthe DUT'’s ability to detectand exclude faulty GNSS signals.
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Thank your for your attention




