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Design and Implementation of a Ground-Based Navigation and
Positioning System Based on Coherent Transponding
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(School of Mechanical and Electrical Engineering, North University of China, Taiyuan 030051, China)

Abstract: In standalone ground-based navigation and positioning networks, the use of low-cost
temperature-compensated voltage-controlled crystal oscillators (TCVCXOs) at base stations introduces
clock drift, degrading positioning and timing accuracy. To address this problem, a novel ground naviga-
tion system architecture is designed based on the principle of coherent forwarding, featuring collaborative
operation between a master station and slave stations. The master station employs a dual-frequency syn-
chronous transmission mode, simultaneously emitting synchronization signals and positioning signals that
maintain mutual coherence. Each slave station integrates a full-duplex transceiver module. Its receiving
channel establishes a tracking loop to achieve phase-locking with the master station’s synchronization sig-

nals. Leveraging the coherent mapping relationship between the master’s synchronization and positioning
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signals, the slave station’s transmitting channel generates a local positioning signal that is frequency and

phase synchronized with the master’s positioning signal. This coherent forwarding mechanism ensures syn-

chronization across the network. Experimental test results demonstrate that this approach effectively con-

fines the peak-to-peak difference in pseudorange observations between master and slave stations to 3. 04

meters, while stabilizing the synchronization millisecond pulse delay within 8 nanoseconds.

This results

validate the validity and reliability of the proposed architecture in low-cost, clock-independent networked

environments.
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Fig.2 Coherent transponding flow diagram
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Fig.3 Signal generation illustration
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Fig.5 Schematic of carrier tracking loop discriminator
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