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Method for high accuracy time keeping based on FPGA
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Abstract: Based on Field-Programmable Gate Array (FPGA), a high precision time keeping technolo-
gy is proposed. Combined with high precision constant temperature crystals and BD/GPS dual-mode
synchronous, standard second pulse signal is received based on statistics. If navigation satellite loses
the connection, FPGA will set the pounding threshold of crystal pulse according to average value and
variance to simulate producing highly precision second pulse so that cumulative error can be elimina-
ted. Experimental results show that timing system error is less than punctual 250 ns in one hour
which fully meets the requirements of time keeping of the timing system in the power systems, range
systems and other systems.
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Fig. 1 Punctuality diagram of the overall scheme
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Fig. 2 Punctuality part of the hardware connection dia-

gram
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Fig. 3 Synchronous standard second pulse received

flow chart
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Fig. 4 Crystal’s average pulses number per second

and variance received flow chart
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Fig. 5 After GPS out-of-step high-accuracy second

pulse received flow chart

Sy kG R G SR R L SR 4 B
Bt R GE A, R A 50 MHz AR FR{EAY TH IR F R O 2
A3k 1 ffL 0. 2 ppm. HE ¥ 1E R S IR W 50
MHz 9 ik o 5 5 £ 45 81 200 MHz, 2R J5 48 11 b
HERD K b A5 5 B4 R 30T $2 s 28 0 18 1 A R e
A bk ol B I Y E R sh 2505 25 . RS B dn 3k
1 7N,



56 TR ET FPGA (K BE 57 I 7 i 0F 5T 1055
*x1 SMIERXETEVRREKMBENHENTZ
Tab.1 Crystal’s average pulses number per second and variance when navigation satellite works
5[] 10 min 30 min 1h 2 h
e e Ty % ¥I{H i % ¥I{H i % ¥iE i %
158 199 999 856. 6 3. 21 199 999 857. 8 3. 28 199 999 859. 3 3.29 199 999 860. 5 3.31
2 5 M 199 999 852.9 2. 32 199 999 853.5 2.40 199 999 854. 4 2.48 199 999 856. 2 2.51
35 199 999 814.3 2.25 199 999 815.4 2.32 199 999 818. 3 2.41 199 999 820.0 2.47
45 H 199 999 903. 2 1. 89 199 999 904. 1 1.91 199 999 905. 3 1. 90 199 999 907.1 1. 95
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Fig. 7 Variance changes over time line chart
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Fig. 8 Punctuality error changes over time line chart
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Tab. 2 Punctuality error when navigation satellite lost

e B2 /ns
i i) 10 min 30 min 45 min 1h
1 5 45 78 127 183
2 5 44 84 138 197
35 45 69 132 211
454 42 76 141 204
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