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Lunar Reconnaissance Orbiter in Clean Room	




Laser Ranging to LRO via LOLA 	


LR: 10-cm 
range precision 
28 Hz, 532 nm	


LOLA: 10-cm 
range accuracy 28 

Hz, 1064 nm	

Receiver telescope on HGAS 
couples LR signal to LOLA 
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LR Receiver 
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35.7 msec (28 Hz) 
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Start of next 
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(~ 9ms after T0) 



10 stations: US, Europe, ���
and Australia	


Main station: NGSLR, MD���
28 Hz, synchronous	


synchronous stations: ���
ZIML, HERL ���
14 Hz, 14 events/s	


Non-synchronous stations: ���
10Hz, 2~4 events/s	


Sites Ranging to LRO via LOLA 	




LR Data Summary	

Sep. 20, 2009 through Oct. 5, 2012	


Total Hours of LR tracking: 2453.5	

 (~102 days of continuous tracking in 	

  about 1200 days of operation, ~17%)	
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LRO Orbit Determination with GRAIL420c1a	

Orbital Solutions for 14 days	
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Orbital solutions significantly improved with a GRAIL gravity model 
and improved further with LR.	




LRO Orbit Differences with GRAIL420c1a	

Orbital Solutions for 14 days	


	
 LR minus 	

2.5 day S-band	


S-band minus 	

2.5 day S-band	


LR and S-band minus 	

2.5 day S-band	


Total (m)                 18.3                             12.5                         9.6  	




Time Transfer 	


Helmert	

parameters 	


•  Station clocks behave differently	

•  Regular simultaneous ranging from multiple stations, 

forms strong constrains for orbit determination	




•  Simultaneous LASER ranging 
from multiple stations	


•  Epoch timing from USNO via 
GPS All-View receivers to 
NGSLR event timer	


•  Out-going laser pulses from 
both stations time-tagged by 
the NGSLR timer,  epoch 
time accuracy < 1 ns	


•  All ground time delay from 
electronics and cables to be 
remeasured	


•  Many pairs of time transfer passes 
taken  	


•  Current NGSLR & MOBLAS7���
time transfer accuracy ~ 10 ns	


•  Current GPS time accuracy ���
 <100 ns	


•  GOAL:   accuracy  0.5 ns	
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Summary	


•  Data from the international LASER ranging network continues 
to be taken – ten stations tracked in October 2012.	


•  The quality of orbit determined with only LR data is 
comparable to using all available tracking data	


•  LR data improves knowledge of the LRO orbit from that 
determined with S-band alone: about 10 m rms	


•  Laser Communication has been demonstrated 	


•  Time transfer experiment has been demonstrated 	


•  LR further demonstrates the ability to range to planetary 
distances	



