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Abstract: The positioning, navigation, and timing (PNT) system is the infrastructure that supports the
development of human society. Currently, the space-based PNT system with satellites as the core is wide-
ly used, but it faces severe challenges in satellite-denied environments. It is cleared that there is an urgent
need for the satellite-independent PNT system by summarizing the significant role of space-based PNT in
national economic development and national defense construction, and analyzing the vulnerability and de-
pendency risks of space-based PNT. The concept and characteristics of the satellite-independent PNT sys-
tem is proposed, which is, using “inertial navigation+clock” as the core to enhance basic PNT capabili-
ties, utilizing multi-source fusion of external sensors to improve precision retention ability, and providing
users with high-performance PNT services that can be carried in satellite-denied conditions. Based on the
existing technological foundation, it is an effective way to achieve comprehensive improvement in the cov-
erage, accuracy, and carrying capacity of the satellite-independent PNT, by focusing on the development
of micro, high-precision, and low-cost inertial navigation technology, micro clock technology, and intelli-
gent fusion technology.
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Fig. 2 Four generations of inertial navigation technology
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