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A Precision-Control Method with Micro-Step for OCXO Clocks in LEO
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Abstract: To address the multiple requirements of low cost, low power consumption, and high accuracy (sub-nanosecond level)
for time-frequency systems in large-scale low Earth orbit (LEO) navigation constellations, a precision frequency control method
based on micro-step adjustment is proposed for oven-controlled crystal oscillators (OCXOs), targeting the mitigation of long-term
frequency drift. A quantization noise model was established, and a 48-bit direct digital synthesizer (DDS) was employed to achieve
high-resolution real-time frequency correction at 5x107" resolution. A constraint framework and frequency adjustment procedure
compatible with rapid precise position services were constructed. Experimental results demonstrate that during 24-hour continuous
operation, a clock bias accuracy (RMS) of 0.24 ns was achieved. Compared to free-running state, a long-term frequency stability was
significantly improved by three orders of magnitude, with a slight degradation of 25% in short-term stability (1 s—20 s). This ap-
proach provides a cost-effective, high-precision, and stable time-frequency reference solution for LEO constellation construction.
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Fig. 1 System architecture of the precision control with micro-step
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Fig.4 Clock bias under micro-step control
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Table 1 A comparison table of frequency stability represented
by Allan deviation
Averaging . 2 2" .
Time (s) (micro-step (fre.e— Improvement Ratio
control) running)
1 1.38x107" 1.18%107" 0.86
2 1.67x107"? 1.35x107" 0.81
4 2.21x107"? 1.72x107" 0.78
10 3.65x107"2 2.73x107"2 0.75
20 4.43x107" 3.81x107"2 0.86
40 2.95%107" 5.42x1072 1.84
100 1.76x107" 8.45x10712 4.80
1000 2.46x10 1 3.22x107" 130.90
2000 1.46x107" 4.38x107" 300.00
4000 7.25x107 5.34x107™" 736.60
10 000 3.16x107 7.88x107" 2 493.70
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