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Implementation of an embedded time synchronization system driven by GNSS

Zheng Feng, Zhang Kaixing, Wang Huazhang"
(College of Electrical Engineering, Southwest Minzu University, Chengdu 610041, China)

Abstract: To address data fusion deviations and control instability caused by inconsistent time references in distributed embed-
ded systems, this paper designed and implemented a GNSS-driven embedded time synchronization system. The system pro-
vided a time source through an NTP server integrated with satellite timing functionality. A serial-to-Ethernet module was used
to offload the hardware protocol stack, and NTP packets were parsed within the module to extract timestamps, which were then
transmitted as precise time data to the STM32 controller. The STM32 maintained the system clock using a local timer and per-
formed periodic synchronization to correct accumulated errors. Compared with traditional software protocol stack-based imple-
mentations, a transparent packet mapping and data reconstruction mechanism was introduced, reducing the MCU processing
load by approximately 80% and optimizing the data processing workflow. Experimental results demonstrated that, without run-
ning a TCP/IP protocol stack, the system achieved time synchronization solely via serial communication, with an error of less
than 20 ms, ensuring stable and reliable operation. The proposed system was suitable for resource-constrained embedded
devices and provided a low-complexity, low-cost engineering solution for high-precision time synchronization.
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Fig.1 Schematic diagram of NTP time synchronization principle
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Fig. 7 Program flow of the time synchronization system
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[2026-03-18 11:46:19.144]# RECV ASCII> l
Error: -6 ms
[2026-03-18 11:46:20.138]# RECV ASCII>
Error: -12 ms
16:30:41 Ep& iz
2o0-00-19 e & [2026-03-18 11:46:21.133]# RECV ASCII>
Error: -4 ms
[2026-03-18 11:46:22.141]# RECV ASCII>
Error: -4 ms
— g et [2026-03-18 11:46:23.134]# RECV ASCII>
B8 sc#piEkElik Error: -6 ms
Fig.8 Physical connection test
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Fig.10  Error curve with 1 s synchronization cycle
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Fig.11  Error curve with 10 ms synchronization cycle
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