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Precise control of laser emission epoch in laser time

transfer with high repetition rate

Geng Renfang'?, Wu Zhibo>"", Tang Kai’, Li Yan’, Meng Wendong®, Zhang Zhongping™”*

(1. School of Remote Sensing & Geomatics Engineering, Nanjing University of Information Science & Technology, Nanjing 210044, China;
2. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China;
3. Key Laboratory of Space Object and Debris Observation, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: A satellite-ground laser time transfer (LTT) with high repetition rate will be carried out in the China’s
space station. The onboard laser detector intends to adopt a fixed gated opening mode, which puts forward the
control requirements of high repetition rate, high precision and high real time for laser emission epoch on the
ground station. Based on the principle of range gate in satellite laser ranging (SLR), a precise control method of
laser firing signal in satellite-ground LTT with high repetition rate was proposed, so that the uplink laser pulse
could reach the detector within a short time after the onboard gate signal, which greatly reduced the background
noise interference. This method could be implemented in a field programmable gate array (FPGA), which had the
advantages of repetition rate greater than 10 kHz, control accuracy of 5 ns (200 MHz clock) and simple software
interaction, etc. Combined its theoretical calculation accuracy and nanosecond jitter of the diode-pumped
picosecond laser, the final realization accuracy of laser emission epoch was expected to be within 10 ns. It could
meet control requirements of the laser emission epoch of the China’s space station LTT project and provide
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technical support for other LTT projects.
Key words: satellite laser ranging;
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Fig.1 Schematic diagram of satellite-ground LTT in China’s space mission
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Fig.2 Principle diagram of satellite-ground LTT
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Fig.3 Schematic diagram of precision control of laser emission epoch in LTT with high repetition rate
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Fig.5 Simulation experiment diagram of ground laser firing signal hardware implementation
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Tab.1 Verification results of laser firing signal hardware control

Points  Onboard fixed gate epoch/s  Actual laser firing epoch/s

Theoretical laser firing epoch/s

Difference between theory and practice/s

1 83287.045500132241 83287.040934 554286
2 83287.046000 132206 83287.041434564 147
3 83287.046500132288 83287.041934 574255
4 83287.047000132268 83287.042434584 174
5 83287.047500132321 83287.042934594 166
1000 83287.532500132293 83287.527945260 184
1001 83287.533000132287 83287.528445273278
1002 83287.533500132311 83287.528945282313
1003 83287.534000132291 83287.529445296 189
1004 83287.534500132286 83287.529945305254

83287.040934 643926 0.000000089 640
83287.041434654 893 0.000000090 746
83287.041934665991 0.000000091736
83287.042434676972 0.000000092 798
83287.042934688041 0.000000093 875
83287.527945353635 0.000000093451
83287.528445364 602 0.000000091 324
83287.528945375612 0.000000093299
83287.529445386579 0.000000090390
83287.529945397 546 0.000000092292

20200473-7



ISk A2

% 10 47

www.irla.cn

% 50 %

i AT B 5 S PR ZE(E (2 kHz S ) (945
SRR, A A [ E A A IR LA, R b TSR Y
W AE 51 Y, e AR ANTE 6 Frs o dl i 5] 6 T,
I8 5 F2E I ek ) 22 (B AR ASTE 5 ns N30, IIIE T FPGA
(1) 200 MHz B8 14 5 ns 42 0K 2, kB T 42 i
AT RO A S I 20 P o 053 B R B T S B
Yo BEAh, X 10 kHz A9 I0 &R W AT 10, 7T 1A
LR T 10 kHz BB AR BOE R S 217 75K

Difference/ns

0 200 400 600 800 1000120014001 600
Points

Kl 6 WOLRKAG S BRI 0EAT B LE

Fig.6 Verification accuracy of laser firing signal hardware control
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