Tecnologias de Posicionamiento Espacial:
del GPS a Galileo
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Evolucion
Fases vs Cadigos

Posicionamiento relativo: aplicaciones




Evolucion
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Evolucion
Fases vs Codigos

Posicionamiento diferencial: aplicaciones
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Desarrollo: GNSS

— Posicionamiento diferencial de area (SBAS)
« WAAS, EGNOS, MSAS, GAGAN, SDCM, MASS

— Desarrollo y Operatividad GLONASS
| - -

— “Carrera por €




Select Availability

Colorada Springs, Colorado 2 Way 2000

140 4 — Honizontal Emor {meters) SPS CEP AFTER TRANSITION: 2.8 meters

120 ¢ — “:"E rtical Error (meters) SPS SEP AFTER TRANSITION: 4.6 meters [—

100 -
] ]

e T A .

Instantaneous Error (meters)

D 1 2 3 4 o b 7 o ) 10
Time of Day (Hours UTC)




Desarrollo: GNSS

— Posicionamiento diferencial de area (SBAS)
« WAAS, EGNOS, MSAS, GAGAN, SDCM, MASS

— Desarrollo y Operatividad GLONASS
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Beneficios globales: Ejemplo Galileo

Aspectos Tecnologicos:
Independencia tecnoldgica de EU frente a USA
* Aspectos Econémicos:
Se estlma que el mercado de equipos y servnuos para GALILEO




SBAS

Posicionamiento critico




Nuevas senales

— Posicionamiento diferencial de area (SBAS)
« WAAS, EGNQOS, MSAS, GAGAN, SDCM, MASS
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Latitude (deq)

SBAS (GPS L1 only)

Availability as a function of user location
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Longitude (deg)

< 50% >50% >75% >85% >90% >95% >99% >99.5% >99.9%
Availability with VAL = 35, HAL = 40, Coverage(99%) = 7.54%



SBAS (GPS L1 + GPS L5)

Availability as a function of user location
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Longitude (deg)

< 50% > 50% >75% >85% >90% >95% >99% >99.5% >99.9%
Availability with VAL = 35, HAL = 40, Coverage(99%) = 28.64%




EGNOS + WAAS + MSAS + GAGAN +
SDCM (GPS Dual Freqguency)

Availability as a function of user location
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Longitude (deg)

< 50% > 50% >75% >85% >90% >95% >99% >99.5% >99.9%
Availability with VAL = 35, HAL = 40, Coverage(99%) = 36.82%




5 SBAS (GPS Dual Frequency)
+ 10 RIMS/SBAS In Southern Hemisphere

Availability as a function of user location
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Longitude (deg)

< 50% > 50% > 75% >85% >90% >95% >99% >99.5% >99.9%
Availability with VAL = 35, HAL = 40, Coverage(99%) = 62.15%




5 SBAS (GPS + Galileo Dual Frequency)
+ RIMS In Southern Hemisphere

Availability as a function of user location
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< 50% > 50% > 75% >85% >90% >95% >99% >99.5% >99.9%
Availability with VAL = 35, HAL = 40, Coverage(99%) = 92.65%




Caracteristicas de cada sistema GNSS

» Precision diferencia ente los valores medidos y los
reales, ya sea en posicion, tiempo o velocidad.

» Integridad capacidad de un S|stema para no




Caracteristicas diferentes sistemas GNSS

« Compatibilidad: capacidad de los diferentes

sistemas para ser usados juntos o por separado sin
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http://www.indiandefence.com/

GLONASS constellation status, 22.10.2012

http://www.glonass-ianc.rsa.ru/en/GLONASS/

Total satellites in constellation 31 SC
Operational 23 SC
n commissioning phase -
In maintenance 4 SC
Spares 3 SC

In flight tests phase 1 SC



http://www.glonass-ianc.rsa.ru/en/GLONASS/
http://www.glonass-ianc.rsa.ru/en/GLONASS/
http://www.glonass-ianc.rsa.ru/en/GLONASS/

GLONASS constellation status, 18.10.2012

http://www.glonass-ianc.rsa.ru/en/GLONASS/

Satellite health status
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http://www.glonass-ianc.rsa.ru/en/GLONASS/
http://www.glonass-ianc.rsa.ru/en/GLONASS/
http://www.glonass-ianc.rsa.ru/en/GLONASS/

GLONASS sistema control en Rusia
http://www.glonass-ianc.rsa.ru/en/GLONASS/
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http://www.glonass.it/eng/glonass-story.aspx
http://www.glonass.it/eng/glonass-story.aspx
http://www.glonass.it/eng/glonass-story.aspx
http://www.glonass-ianc.rsa.ru/en/GLONASS/
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GLONASS status del
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http://www.glonass-ianc.rsa.ru/en/GLONASS/
http://www.glonass-ianc.rsa.ru/en/GLONASS/
http://www.glonass-ianc.rsa.ru/en/GLONASS/

Navegacion: GLONASS availability
(2012.10.21 13:00 T GLONASS)

http://www.sdcm.ru

Navigation solution
Available Not available

pdop<?2 2<pdop<6 pdop>6



http://www.sdcm.ru/

Navegacion: GPS availability
(2012.10.21 13:00 T GLONASS)

http://www.sdcm.ru

Navigation solution
Available Not available

2<pdop<6 pdop>6



http://www.sdcm.ru/

Navegacion: GLONASS+GPS availability
(2012.10.21 13:00 T GLONASS)

http://www.sdcm.ru



http://www.sdcm.ru/

Beidou-Compass

e La idea inicial es de 1983: Dos satélites
geoestacionarios que cubrieran China.

* Desarrollo posterior en tres fases



https://directory.eoportal.org/web/eoportal/satellite-missions/c-missions/cnss
https://directory.eoportal.org/web/eoportal/satellite-missions/c-missions/cnss
https://directory.eoportal.org/web/eoportal/satellite-missions/c-missions/cnss
https://directory.eoportal.org/web/eoportal/satellite-missions/c-missions/cnss
https://directory.eoportal.org/web/eoportal/satellite-missions/c-missions/cnss

BeiDou-2: Sistema regional
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BeiDou-2: Sistema regional (2012)

De: “WHU's Developments for the GPS Ultra-Rapid Products and the COMPASS Precise Products ”, C. Shi et al en IGS Workshop 2012



BeiDou-2: Sistema global (2020)

De: “WHU's Developments for the GPS Ultra-Rapid Products and the COMPASS Precise Products ”, C. Shi et al en IGS Workshop 2012
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Error topocéntrico en metros
Posicionamiento absoluto Beidou 2
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Error topocéntrico en metros
Posicionamiento absoluto GPS
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M-axis position errar
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Error topocéntrico en metros
Posicionamiento absoluto GPS+Beidou?2
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I-axis position errar
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Modernizacion GPS: Nuevas senales

Segunda sefal civil “L2C”
*Para responder a necesidades comerciales
*Disponible desde 2005 sin mensaje de datos
*Disponibilidad total: 24 satélites ~2016*
Tercera senal civil “L5”
«Para necesidades de seguridad
- <Usa la banda de servicio de
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Frecuencias

Lower L-Band

€— Upper L-Band =
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GPS Bands | GLONASS Bands

RNSS : Radio Navigation Satellite Service

ARNS : Aviation Radio Navigation Service



http://www.navipedia.net/index.php/GNSS_signal

Todas las senales?

THE MORE SATELLITES THE BETTER?

Dilution of Precision
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Capacidad de eleccion

 Los usuarios podran elegir entre las senales
GNSS, en funcion de:
—Ni)/@l | Clall s |

1dad




Mejora prevista de la precision segun
la cantidad de satelites disponibles
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Ventajas para el usuario

 La capacidad de eleccion de senales por el
receptor, ya mencionada.




Tecnologia: Receptores y antenas

e Mejora en las prestaciones de Ios receptores, en
especial en
multicamino




Riesgos tecnologia:Interferencias provocadas
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http://javad.com/jgnss/javad/news/pr20110402.html

Receptores Novatel MultiGNSS

Pasitioning Accuracy Options Signal Tracking Interfaces
Netre Sub Metre Decimetre | Centimetre
Level Level Level Level
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™ : Powerlul, next genaraticn recenver family tracks existing and
OEM6™ Series upcoming GPS, GLONASS, Galileo and Compass signals, making
this saries fulure prool. Incorporating NovAter' induslry standard

commen platformm, the OEMS Series is designed for product quality
and ease of integration. Avallable in two configurations:

OEMB15™

‘Smaller than the $ize of a business card, the OEMB15 fealures high
performance GNSS positioning with low power consumption.

L1,L2, L2¢

Weight: 249 GPS L1/L2 + GLONASS L1/L2 + Galileo + Compass + SBAS

OEMEB28™

Features 100 Hz data rate for high dynamic positioning applications.
Form fastor and interfacs compatible replacement for NovAtal's
QEMV-2 GNSS receiver.

L1,12,L2C, L5
E1, ESa. ESD, AI+BOC
+3.3VDC [=5%]
FlexPaks™

GPS L1/L2/L5 + GLONASS L1/L2 + Galileo + Compass SBAS +

OEME28 Slze: 60x100x81mm  Weight: 379 L-Band

O E M V_ 3 ™ Muili frequency receiver with integrated L-Band and enhanced
power management fealures.
The OEMV-3 GNSS offers scalable, field upgradeable firmware
options, including NovAtel's AdVance® RTK for centimetre level
positioning accuracy.

L1,L2,L12C, L5
+4510 +18.0 VDC

ProPak-V3™ & DL-Va™ & SE™

Size: 85 125 % 13 mm Weight: 75 g GPS L1/L2/L5 + GLONASS L1/L2 + SBAS + L-Band

O E M St a r“~‘ NevAter's lowest cost, high performance L1 GNSS receiver. Easy

to integrate, Ihe OEMStar ofers superior carrier phese fracking
and positioning performancs and is our lowest power consumption
precision recaiver.

+3310 +5.0VOC [+5%]
FlexPak-G2™

Size: 46% 71 x 13mm  Weight: 189 GPS L1+ GLONASS L1 + SBAS




* Muchas gracias por su atencion




