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Abstract: BeiDou is an important national spatiotemporal information infrastructure, and high—precision
positioning and timing are becoming fundamental spatiotemporal services. Real-time precise products are
essential for global rapid centimeter—level positioning. With the development from conventional precise
point positioning (PPP) to PPP with ambiguity resolution (PPP-AR), phase—bias products have become in-

creasingly important for ambiguity fixing and fast convergence. This paper systematically presents the re-
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cent progress of multi-GNSS real-time precise product processing at the Wuhan University international
GNSS service (IGS) real-time analysis center, focusing on real-time precise orbit determination, highly
stable satellite—ground clock coordination and coodinated universal time (UTC) traceability, and newly in-
troduced multi-frequency phase—bias products for real-time PPP-AR. Evaluation results show that the
three—dimensional root mean square errors of real-time orbits for GPS, GLONASS, Galileo, and BDS
medium earth orbit satellites are 2.4, 4.6, 3.8, and 4.9 cm, respectively. UTC(%)-based frequency steering
reduces the standard deviation of UTC time-transfer errors for GPS, BDS-3, and Galileo by 58.4%,
32.8%, and 76.2%, respectively. BDS-3 multi-frequency phase-bias products show good continuity and
stability. Global GPS/Galileo/BDS-3 PPP-AR tests show that, after 150 s of initialization, horizontal and
vertical errors reach 3.6 cm and 9.9 cm, with 95% of samples better than 3.9 cm and 8.6 cm. The IGS
analysis center at Wuhan University has established a multi-GNSS real-time precise product system

covering orbit, clock, and signal-bias products, extending real-time services from centimeter—level PPP to

rapid centimeter—level PPP-AR.
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