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INTRODUCTION

Precise Point Positioning (PPP) which is based on processing of un-differenced GNSS phase
and code observations using the precise satelites orbits and satelites clocks is challenge for

high quality without necessity of terrestrial
reference sites. Increase of number of broadcasted signals of individual satellite navigation
systems as well as the combination of more GNSS in common adjustment model emphasizes
the i of consideration of intra-sy nd inter-system biases.

The complexity of proper bias modeling is emphasized by the fact that origin of signal biases is
both in satellites and receivers. Part of the GNSS signal delays are included in global network
solutions products modeling predominantly the satellite dependent biases. The multi-GNSS
receiver's biases could be evaluated within the individual independent site’s PPP processing by
addition of parameters related to receiver dependent inter-system, inter-code and inter-channel
biases.

We present PPP-based estimates of non-modeled signal biases for several sites with different
GNSS instrumentation for GPS, GLONASS and Galileo GIOVE satellites.

OBSERVATION EQUATIONS FOR PSEUDORANGE CODE P AND
PHASE L OBSERVABLES IN MULTI-GNSS PPP

For combination of various GNSS is essential to consider the inter-system bias parameters S
related to GNSS hardware, inter-channel biases H, h and the differential code biases D.
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In the PPP solution strategy some of these biases are adopted along with satellite orbits and
satellite clocks from the global network solutions (e. . satellite DCBs). Some of the biases are
included in the real-valued ambiguity parameter estimates N and only part of biases (or their
combination) is estimable from single site PPP solution.

PROCESSING STRATEGY

» Pre-processing of dual frequency phase and code GNSS observations separately for
each satellite and for each continuous observing interval resulting in the iono-free
pseudoranges and approximate values of phase ambiguities.

» Reduction of observed ranges for systematic phenomena according to the relevant
models and computation of o-c (observed minus calculated) values using the precise
satellite orbits and clocks information.

» Forming of model and least
coordinates, receiver clocks, real-valued ions to
delays and other optional parameters.

* Processing starts with separate GPS and GLONASS adjustment as well as with o-c
evaluation for Galileo GIOVE satellites. Next, the combination of GPS/GLONASS and

by adding the int tem biases, differential code biases
and inter-channel parameters (for GLONASS only).

« Parameters es!lmaled in thls sludy site coordinates, troposphere induced ZTD, satelll(e
clocks and ies. Additional related to dell
signal biases: |nter-system biases GPS/GLONASS, GPS/Galileo, inter-channel biases
(GLONASS), and receiver dependent part of differential code biases (GPS, GLONASS,
Galileo). All the estimated biases are expensed in length units.

» Satellite orbits and clocks are taken from global network solutions: IGS — ESOC (GPS
and GLONASS), CONGO - DLR (GPS, GLONASS and Galileo GIOVE satellites).

« All the analyses are examined by using the software package ABSOLUTE developed
for the PPP multi-GNSS processing at the Slovak University of Technology in
Bratislava. The results presented are resulting from processing of 24-hour observing
intervals.
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Evolution of GPS/GLONASS intersystem biases during March-Apr 2011, esimated DCB biases from
daily 24- GLON; | biases. of all biases is
e ons GANP, however receiverisite related specificities are distinguishable.

probably to change of s
satelite clock modeling at ESOC.
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Sky plots for GPS+GLONASS and GPS+GIOVE satelites observed during 24 hours at CUTO and GRA2 (DOY 057 of 2012)
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EXAMPLES OF SIGNAL BIASES ESTIMATED FROM MULTI-GNSS PPP
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The estimated GPS/GLONASS intersystem biases show similar ver they
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CONCLUSIONS
i
i T + Combination of various GNSS using the PP a\gonthms needs
1 i1 ion of inter-syst i code
AEL! ; E biases. The receiver dependent part of these. mases could be
I estimated from combination of code and phase observations within
. ] the PPP single site processing.

from 10 days PPP solutions. The receiverisite specificties are significant.

« Inter-channel biases for GLONASS frequency channels are
strongly receiver/antenna dependent, however we found them as
stable in time.

* The inter- system blases of GPS/GLONASS and GPS/Galileo
but their time

dependence is swgniﬁcanl too.

.. » The receiver dependent part of differential code biases we found at
~ 1 m level for GLONASS P1-P2 bias and at 100 m level for
GIOVE E1-E5a bias.

ol « The combination of GPS and GLONASS improves the internal
N consistency of coordinate adjustment; however do not improve the
£ % LI S , coordinate repeatability. The effect of inclusion of one Galileo

e satellite into GPS solution changed only negligibly the coordinate
outputs
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Local coordinates evolution from GPS-only, GLONASS-only and GPS+GLON; bined solut
shifts for N-5 and up components.
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