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Circuit design of a distributed time synchronization system without GPS
restriction
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Abstract This paper designs a new distributed time synchronization system without GPS restriction to help geophysical
instruments perform distributed prospecting in an environment where there is no GPS signal at all, such as in the mine or the
tunnel. In order to solve the problem that geophysical instruments can also perform distributed prospecting in underground or
tunnel environments where there is no GPS signal at all, this paper first optimizes the distributed algorithm LSTS (Least
Square Estimation Based Time Synchronization) to obtain a constant gain LSTS algorithm which denoted as LSTS-CG (LSTS
with Constant Gain), and based on this algorithm, a new distributed time synchronization system without GPS restriction is
designed. The LSTS algorithm was originally proposed for WSNs (Wireless Sensor Networks), but it has a strong reference
for geophysical instruments. The optimized LSTS-CG not only has the advantages of smaller synchronization error and more
stable synchronization effect, but also has the advantages of less computation and smaller storage, so it is very suitable for
distributed prospecting systems. In the actual design, this paper implements the LSTS-CG algorithm in FPGA (Field
Programmable Gate Array), including designing the implementation of relative drift estimation algorithm, low-pass filter, drift
compensation algorithm and offset compensation algorithm. And some common key problems in this type of circuits have
been solved, including the generation of continuous discrete virtual time and the design of GPS-compatible timing mode. The
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solution of these problems ensures the efficiency and practicability of the system, making it possible for the system to be
applied on a large scale. In this paper, the all functional modules are completed in a FPGA, which simplifies the circuit
structure and improves the stability of the system. By testing the synchronization error of this system, the results show that
even with ordinary crystal oscillator, the synchronization error can reach sub-microsecond level, and the system also has the
advantages of lower power consumption and lower cost. Finally, we test the performance of this system from the three aspects
of communication delay, topology and cycle. The results have some regularity and can provide guidance for the design of
field construction scheme.

Key words Time synchronization; LSTS-CG; Geophysical instrument; Distributed prospecting; FPGA
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Tab.1 The quantization bits of each variable of the algorithm
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Fig.11 Synchronization error corresponding to different delays and the trend of synchronization error with delays
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