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Cooperative Schemes in All-Optical Free-Space Optical Communication System
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Abstract A fundamental structure of all-optical free-space optical communication (FSO) system is presented. The
system adopts subcarrier intensity modulation and all-optical amplify-and-forward relaying, and furthermore, it
considers the effect of background noise and amplified spontaneous emission noise. A system model of the all-optical
relaying FSO system under Gamma-Gamma turbulence condition is established. Two novel cooperative schemes,
all-active relaying scheme and selective relaying scheme, are presented, and their corresponding power allocation
modes are provided. The outage probability of the relay-assisted transmission is compared with that of the direct
link, and the outage probability of the two schemes for different channel parameters and number of relays is
analyzed by simulation. The simulation results show that the performance of the link can be improved obviously by
the relayed transmission, and the performance of the selective relaying scheme is superior to that of the all-active
relaying scheme.
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Fig. 1 Multi-relay cooperative FSO system
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Fig. 2 Structure of cooperative FSO system with parallel all-optical relays
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Table 1 System parameters

Parameter Value
Atmospheric attenuation coefficient ¢, /(dB/km) 0.43
Rytov variance o under weak turbulence 0.4
Rytov variance ¢ under medium turbulence 1
Rytov variance o} under strong turbulence 4
Normalized beam width w. ;/r, 16
Normalized jitter o,/r; 4
Optical degree of freedom M 100
Normalized threshold 7,,/dB 0
Order of the Gaussian formula N, 21
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