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The Next Generation Satellite Laser Ranging System (NGSLR) has been designed to track 
targets at lunar distance as well as Earth-orbiting retroreflector-equipped satellites. 

NGSLR's eye-safe, single photon, high frequency observations of the closer targets exhibit 
characteristics of system and satellite signature which must be considered in an effective 
orbit determination in combination with data collected by other observatories in the global 
SLR network. To help isolate these features, observations taken by the instrument as the 

receiver in a two-station configuration with MOBLAS-7 at Goddard Geophysical and 
Astronomical Observatory (GGAO) have been used to calibrate the NGSLR event timer and 
processor. High energy returns from available Earth orbiting satellites have now been used 

to calibrate the longer-pulse transmit system built into NGSLR to support the up-coming 
Lunar Reconnaissance Orbiter (LRO) Mission. Special efforts by stations in the tracking 
network will provide the timing required to construct the lunar observations from signals 
received at LRO. We will show the results of a continuing analysis of the accuracy and 
precision of each of the two NGSLR systems observing returns from geodetic satellites 

ranging in altitude from Larets to Etalon. 



Passes from NGSLR/S2k and NGSLR/LR taken this year



NGSLR 2khz Current Configuration
 Laser per pulse energy:  120 microJoules (eyesafe).  

 Pulsewidth: ~ 300 picosec

 Pulse repetition rate:  variable from 2.0 khz to 1.96 khz.  Modified 
periodically to prevent collision between fires and returns.

 Laser divergence: nominally 4 x 6 arcseconds.  Can modify this as 
needed.   On LAGEOS we can run as low as 3 x 5 arcseconds.

 Telescope pointed behind, Risleys used to point laser beam ahead.

 Quadrant MCP:  High Quantum Efficiency (~32%) Hamamatsu  model 
R4110U-74-M004C. 

 Discriminators with threshold setting nominally < 1/2 single PE voltage

 Receiver FOV nominally set at 11, 16 or 25 arcseconds.

 Mount pointing: ~ 1 arcsec.  Starcal RMS: < 2.5 arcsec.





Range residuals to Day 334 Lageos 2 normal points 
and Lageos 1 full rate observations 

The orbit was determined with SLR data
 from the Global Laser Tracking Network



In 3-way configuration:
MOBLAS-7 fires – NGSLR receiving only
Cables run from MOB-7 to NGSLR Event Timer for Start and Stop
NGSLR quadrant detector also receiving

NGSLR uses threshold discriminator: higher detection noise level

MOBLAS transmits short pulses but multi-photon

In 2-way configuration:
NGSLR transmits longer, single photon pulses
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NGSLR/2K Calibration with MOBLAS7



NOISE LEVELS OF 2 WAY  DATA

NGSLRMOB7 MOB7

NGSLR Timing and Software checked



NGSLR RECEIVING FROM LAGEOS2 Aug 22

                   MOB7/MOB7 10mm

MOB7/NGSLR 28mm



NOISE LEVELS OF 2 WAY AND 3-WAY DATA
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NGSLR/2K Passes in 2008



Co-located Passes
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NGSLR-MOB7 Pass Bias: Mean -9.5 +/- 4.5 mm
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Quadrant Properties on Day 234



 NGSLR System Signature

 



Co-located Passes
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NGSLR-MOB7 Pass Bias with system function: Mean 2.5 +/- 3.5 mm
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Satellite Response Function



Satellite Signature NGSLR/2K longer than MOBLAS7 by 25 mm







Co-located Passes
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Bias with system/satellite function: Mean -1.1 +/- 3.3 mm 
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NGSLR/2K Intercomparison with 
MOBLAS7

• Uncompensated Mean Range Bias -9.5 +/- 4.5 mm

• System Signature Applied               2.5 +/- 3.5 mm

• System and Satellite Signature       -1.1 +/- 3.3 mm



NGSLR/LR

 50 milliJoule, 28 hz Northrup-Grumman laser added to system (532.2 nm 
wavelength, 6 nanosec pulsewidth).

 Removable kinematic mirror mount added to launch LRO transmit beam,  and 
ensure easy transition between SLR and LRO lasers.

 Aircraft avoidance radar added to system (LRO laser not eyesafe).

 I/O chassis added to provide single toggle switch between SLR and LRO in the 
electronics.

 Cesium added to system to provide 10 Mhz ext. trigger to Event Timer

 Same start diode, Event Timer and RGG used for both SLR & LRO

 Modifications added to software to support LRO:  more precision in fire-time 
recording, control of laser to hit Earth Window, automated processes removed, 
recorded all fires, and CRD added as output.



NGSLR/R Passes in 2008



NGSLR/LR Etalon 1 range residuals to an orbit fitted 
by the Global Laser Tracking Network

The observations were included in the orbit determination

The raw data RMS was 32 cm.



Conclusions
• NGSLR/2K receiver performance has been calibrated using 

MOBLAS-7 transmissions

• NGSLR/2K data co-located with MOBLAS-7 agree to -1.1 
mm +/- 3.3 mm

• NGSLR/2K transmit/receive configuration shows noise 
characteristics expected from eye-safe operation

• Satellite signature will affect the accuracy of orbits 
determined with single photon systems

• NGSLR/LR fits LEO and HEO orbits with decimeter noise 
and centimeter accuracy


