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INTRODUCTION

The IGS RTS provides real-time access to precise products such as orbits, clocks, biases and models of the ionosphere, which can be
used as a substitute for ultra-rapid products in global real-time applications to support science and society.

Therefore, a number of about 10 Real-Time Analysis Centers (RTACs) currently estimate GNSS satellite orbit and clock corrections to
broadcast ephemerides. And an increasing number of these RTACs also provide code and, in particular, phase biases.

 The RTACC generates multi-GNSS combined solutions and provides dedicated resources for solution monitoring.
* The consistency of individual and combined real-time products can be assessed by comparison with IGS rapid products.
* As a performance review from the user perspective, the IGS RTS products were applied in Precise Point Positioning (PPP)

Hence, the IGS RTS monitoring needs to include phase biases and PPP with ambiguity resolution (PPP-AR)
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IGS RTS ORBIT AND CLOCK REFERENCE

RTAC ANALYSES STRATEGIES ENABLING PPP-AR
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— The combined satellite clocks are consistent to IGS clocks: lonosphere-free clocks based on the defined reference signals

— This convention allows the ionosphere-free linear combination of the two Observable-Specific Signal Biases (OSBs) of the
reference signals to be set to zero. All other OSBs can then be expressed in terms of Differential Code Biases.

— The satellite code biases for the combination solution are computed using the IGS bias product from CAS with satellite
antenna phase center corrections (Wang et all. 2025).

 Computation of orbit differences dX, dY, dZ using common epochs from both files and conversion of the coordinate differences
dX,dY,dZ into along track, cross-track, and radial components.

Clocks

 Computation of the clock differences ch from common epochs of both files, correct them for the radial component of coordinate
differences dC_radialj, and using them in a least square adjustment Ac;.= 0, + 03~ With the following unknowns:

04 .. the analysis center specific offset common for all satellites oj .. the satellite and analysis center specific offset

IGS RTS VALIDATION RESULTS: ORBITS & CLOCKS

 The GFZ MGEX rapid products (Deng et all. 2017) are used as reference for monitoring and comparison. More specifically: the product
chain with the same satellite clock reference observables as defined within the IGS RTS is used.
* Monitoring results are available at https://igs.org/rts/monitoring/
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Figure 1: Agreement of real time Galileo orbits (above) and clocks (below) products from different RTACs with GFZ MGEX rapid product.

IGS RTS VALIDATION RESULTS: PPP-AR

 The Ambiguity Resolution (PPP with AR) is based on the Best Integer Equivalent algorithm (Teunissen 2005).
* PPP results for all IGS RTS ACs and IGS RTS products are available at: https://igs.bkg.bund.de/ntrip/ppp
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Figure 2: Real Time Positioning estimates of PPP-AR solutions using IGS RTS products SSRA01CAS1 (left) and SSRAOOWHU1 together with OSBCOOWHU1
(right). The PPP client Software BNCis used to estimate for positions of station FFMJ (Frankfurt, Germany) at April 29" and 30t 2026

OUTLOOK & TODO

Implementation: 5-step methodology to produce combined satellite clock corrections and OSBs valid for PPP-AR

1. Combination of Differential Code Bias Estimates DCB by differencing OSBs
2. Melbourne-Wuebbena linear combination of estimated biases

3. lonosphere-free phase clocks: clock combination
4
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5. Transformation of the linear combinations of biases from step 1-4 to OSBs (Banville et al. 2020, Banville and Laurichesse 2017)

Minimization of differently modelled satellite specific errors

* The orbit information is extracted from one of the incoming RTAC solutions = Master

* A priori corrections dCj = dCS¢ rrame + dChcare + dCicpco  are applied to the remaining RTAC clocks: ¢3¢ correctea= Cic — ACic

to compensate for inconsistencies between individual AC and Master using:
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+ Yaw angle (8) difference: AChc art = (Bac— Omaster) / (2m* A7p)  RTACs have to provide server side used values

+ PCO differences:

dCic peo =0 RTACs should switchto 1gs20 wwww.atx exactly at the start of GPS week wwww
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