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Fiber coupling efficiency and compensation analysis for free space
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Abstract: The coupling efficiency of received optical power into a single-mode fiber is degraded by
atmospheric turbulence in a free space optical communication system. The expression of average coupling
efficiency of a collimated Gaussian beam into a single-mode fiber was derived under Kolmogorov
turbulence channel, according to the theory of weak turbulence statistics. The relations between average
coupling efficiency and turbulence intensity under different received aperture in 1 km propagation path
were also simulated. The results show that coupling efficiency decreases below 0.1 when refractive-index
structure constant rises to 107, and coupling efficiency degrades when the received aperture increases. A
37-element adaptive optics system with H-S wavefront sensor was adopted to compensate the efficiency.
Compared with long exposure imaging and centroid position offset in different status of AO system, it
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was found that the P -V value and standard deviation decreased, Strehl ratio and coupling efficiency

increased in low-order aberration correction. And things became better when high-order aberration was

corrected.
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Fig.1 Coupling efficiency vs refractive-index structure parameter
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Fig.2 Coupling efficiency vs wavelength of communication
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Fig.3 Schematic of coupling efficiency compensation based on

adaptive optics system
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Tab.1 Experiment system parameters

Parameter Value Note
Transmit aperture/mm 40 Collimated Gaussian beam
Transmit power/mwW 50
. C d to the diamet
Received aperture/mm 40 orrespon .0 € diameter
of received beam
Received antenna focal Airy disk diameter
200 ;
length/mm is 7.93 pm
Single-mode fiber core 9 Correspond to airy
diameter/pm disk diameter
Number of distortion 37
mirror elements
Number of H-S sensors 36 Subaperture diameter
subaperture is 10 mm
Effective aperture of H-
60
S sensors/mm
Aperture of far-field .
P 60 Focal length is 6.5m

imaging/mm
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