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Preliminary Studies of an Optical Intersatellite Link Simulator
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[SYNOPSIS] An optical simulator useful for a variety of laboratory experiments on intersatellite laser links
using beams of a few microradian divergence angle is described. To simulate beam transmitting/receiving
conditions at optical transceiver packages in space, the main optics of the simulator is composed of Fourijer
transform lenses and pin-holes movable in the focal plane. The high-precision optics applicable to the
simulator can be practically constructed by using, for example, a refractive lens of 25 cm diameter and of 20 m
focal length, and a 10 um diameter pin-hole mounted on atranslation stage of 1 pmresolution.
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Table 1. Optical beamwidth and beam control
parameters in a typical intersatellite laser link

optical beamwidth ~4 urad (FWHM)*
required pointing stability <0.3 p rad (rms)

+ 8 mrad{max)**

tracking angular range
uncertainty cone angle  3.5~8 mrad(max) **
point-ahead angle 0~70 prad

*assuming a 20 cm antenna diameter and 0.8 um
wavelength, **residual of open-loop satellite
position tracking
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Fig. 1 Concept of an optical intersatellite link (left part) and a basic configuration of its ground
simulation system (right part; an optical intersatellite link simulator)



Table 2. Simulating functions of an optical intersatellite link simulator '

features of optical intersatellite link

. simulating functions

. very lon disténce
intersatellite laser ry 9

propagation free-space propagation

the existence of background

far field beam pattern, received plane\wave,
attenuation, propagation time delay

no waveform distortion
incoherent light irradiation

attitude variation and
gimbal mechanics noise

uncertainty in attitude
and position

orbital motion

satellite dynamics

variation in arrival angle and beam
pointing angle

plane wave incidence from
arbitrary directions

optical frequency shift
point-ahead compensation
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