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GNSS: Current Situation

GPS: Global Positioning System

■ The current GPS constellation consists of
31 active satellites from four different
types.

■ Available observations:
◆ code measurements (P1, P2, C1, C2�)
◆ dual frequency carrier phase:

L1C, L1P, L1N as well as
L2C, L2D, L2S, L2L, L2X, L2P, L2N
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GNSS: Current Situation

GPS: Global Positioning System

■ The current GPS constellation consists of
31 active satellites from four different
types.

■ Resulting biases:
◆ P1�C1, P2�C2�

◆ P1�P2, C1�C2�

◆ quarter cycle between L2P and L2C
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GNSS: Current Situation

GLONASS: Global~na� navigacionna� sputnikova� sistema

◆■ The current GLONASS constellation
consists of 19 active satellites of the
latest type.

■ Available observations:
◆ code measurements (P1, P2, C1, C2)
◆ dual frequency carrier phase:

L1C, L1P, L2C, L2P
◆ each satellites uses its own frequency
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GNSS: Current Situation

GLONASS: Global~na� navigacionna� sputnikova� sistema

■ The current GLONASS constellation
consists of 19 active satellites of the
latest type.

■ Resulting biases:
◆ P1�C1, P2�C2
◆ P1�P2, C1�C2
◆ interfrequency-biases
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Combination of GPS and GLONASS

◆■ Two dual�frequency system are today available.



AIUB Dach et al.: Moving from GPS to multi-GNSS - p. 5/23

GNSS: Current Situation

Combination of GPS and GLONASS

■ Two dual�frequency system are today available.

■ GLONASS can be considered as GPS with satellite�speci�c fre quencies.

■ Considering a (constant?) inter�system receiver bias the d ata from both
systems can be processed together in a rigorous combined analysis.



AIUB Dach et al.: Moving from GPS to multi-GNSS - p. 5/23

GNSS: Current Situation

Combination of GPS and GLONASS

■ Two dual�frequency system are today available.

■ GLONASS can be considered as GPS with satellite�speci�c fre quencies.

■ Considering a (constant?) inter�system receiver bias the d ata from both
systems can be processed together in a rigorous combined analysis.

■ CODE (one of the IGS-ACs, located at AIUB) provides contributions of a fully
combined processing for GPS and GLONASS measurements since May
2003.



AIUB Dach et al.: Moving from GPS to multi-GNSS - p. 5/23

GNSS: Current Situation

Combination of GPS and GLONASS

■ Two dual�frequency system are today available.

■ GLONASS can be considered as GPS with satellite�speci�c fre quencies.

■ Considering a (constant?) inter�system receiver bias the d ata from both
systems can be processed together in a rigorous combined analysis.

■ CODE (one of the IGS-ACs, located at AIUB) provides contributions of a fully
combined processing for GPS and GLONASS measurements since May
2003.



AIUB Dach et al.: Moving from GPS to multi-GNSS - p. 6/23

Receiver Intersystem Biases

Receiver clock differences between ZIM2 and ZIMJ
TRIMBLE NETR5 and JPS LEGACY
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Receiver Intersystem Biases

Receiver clock differences between ZIM2 and ZIMM
TRIMBLE NETR5 and TRIMBLE NETRS
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Receiver Intersystem Biases

Receiver clock differences between UNB3 and UNBN
TRIMBLE NETR5 and NOV OEMV3, antenna sharing
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GNSS: Expected Developments

What will be the future?

■ GPS: Third frequency
G01 (launch March 2009) has a demonstration signal for L5.

■ GLONASS: Third frequency, CDMA in addition to FDMA
The �rst GLONASS�K lauch is scheduled for 2010.

■ Galileo: Additional GNSS
Currently two GIOVE satellites are in space
Five frequencies, with particially restricted access to the code measurements
What about the phase measurements?

■ Compass/Bejdou: Additional GNSS
First satellites are in space, too. . .
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GNSS: Expected Developments

In future multi�GNSS receivers will provide a certain set of
measurements from several systems.

What to do with these measurements in the processing?
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GNSS: Expected Developments

In future multi�GNSS receivers will provide a certain set of
measurements from several systems.

What to do with these measurements in the processing?

How to form an ionosphere�free LC the future?
■ pre�select two frequencies per GNSS?
■ pre�select two frequencies per GNSS and receiver type?
■ make use of the third frequency of a subset of satellites?
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Example: Bernese GNSS Software

Flexible handling of observation types is necessary:

■ A complex set of modern F90 modules guarantees a �exible acce ss to the
measurements with individual linear combinations for each GNSS.

■ The use of these modules simpli�es the observation handling within the
processing programs.

■ New linear combinations may be easily implemented at one place for the
entire software package.

■ Consequences for several internal �les for observations, r esiduals, DCBs,
GNSS�speci�c PCV corrections, . . .

■ Consequences for external �les formats: RINEX, ANTEX, SINE X, SP3c, . . .

) M. Meindl et al., Developing a Generic Multi�GNSS Software P ackage,
IGS Workshop, Miami, June 2008.
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GNSS: Developments and Bene�t

■ More observation types, more GNSS:
The world of GNSS will become more colors �
the future seems to become much more complicate.
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GNSS: Developments and Bene�t

■ More observation types, more GNSS:
The world of GNSS will become more colors �
the future seems to become much more complicate.

Do we bene�t from additional GNSS satelites?

■ Test case:
combination of GPS and GLONASS observations for a kinematic positioning
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