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Abstract
traditional laser ranging is to measure the roundtrip flight time of laser pulse to collect precise measurement of range

Laser ranging is a kind of high precise measuring technology for spacecraft orbit determination. The

that allows the spacecraft to achieve its requirement for precise orbit determination. For the long distance spacecrafts
farther than the moon. the above measuring way is not suitable and the one-way range measurement via laser pulse
time-of-flight from ground stations to spacecrafts should be utilized. For this measuring mode, the laser signal energy
falls off only as square of distance and the laser signal can reach the place beyond the moon to the planets. The one
way laser measurement will become a significant way for interplanetary laser ranging. By using the ground satellite
laser ranging system, laser measuring experiments to geosynchronous satellite equipping laser detector and timing
counter are successfully implemented. The comparison and analysis for laser data obtained from both the one way and
the roundtrip flight measurements are carried out. The measuring results validate the feasibility of one way laser
ranging. The measuring experiments provides reference for further study on the one-way laser ranging and design of
laser measuring terminal system for interplanetary spacecraft in future.
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Fig. 1 Principle of one way laser ranging
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Table 1 Main parameters of equipments on satellite and ground station

Equipments on ground

Equipments on satellite

I Energy: 100 mJ; Frequency: 20 Hz
.aser
Q-switch, pulse width: 250ps

Divergence angle 10"
Precision: 10 ps

Event timer .
Resolution: 1 ps

Sensitivity: single photo

Precision: 150 ps

Photo-detector

Diameter: 25 pm
Quantum efficiency: >20% (532 nm)
Precision: 120 ps
Timer Resolution: 10 ps

Frequency: 20 Hz
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Fig. 2 Background noise of IGSO satellite at night time. (a) Distribution of background noise;

(b) statistic of background noise
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Fig. 3 Calculation of laser fire epoch delay on ground
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Table 2 Error analysis of laser fire control on ground

Correction items Error /ns
Prediction of orbit 1.0 ~ 1.5
Clock difference 30.0 ~ 50.0
Ranging system delay 0.05 ~ 0.1
Atmosphere delay 0.02 ~ 0.03
Sagnac effect 2.0 ~ 3.0
Jitter of laser fire 10.0 ~ 12.0
Laser fire delay controller 4.0 ~ 5.0
Total error 31.9 ~ 51.7
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Table 3 Measuring error analysis of one way laser ranging to IGSO satellite

Error source Error /ps
Pulse width 85~120
o Start detector 50
Laser start pulse timing )
Event timer 10
Jitter of 1PPS on ground 120
Onboard detector 150
o Onboard timer 120
Laser stop pulse timing . .
Jitter of 1PPS on satellite 170
Atmos disturbance 10

Single shot RMS

300~312 (9.0~9.4 cm)
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