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SO) communication with phase modulation caused by the phase fluctuations and intensity scintillations associ-

ated with atmospheric turbulence has gradually become the focus of research. In order to improve system per-

formance, a CFSO communication system with quadrature phase-shift keying modulation ( QPSK) is studied in

this paper. With consideration of log-normal amplitude fluctuations and Gaussian distribution conditions, a

two-stage joint carrier phase recovery( CPR) algorithm is proposed. With this scheme, the simulation results

show that the phase noise of the system can be greatly reduced and its symbol error rate is three orders lower

than that of the single-stage M-th power CPR algorithm. Therefore, the two-stage joint CPR algorithm holds

significant improvement in CFSO communication systems.
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Fig.2  Structure of the single-stage M-th power phase
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Fig.3  Structure of the two-stage joint phase recovery algorithm
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Fig.4 Normalized constellation diagram of QPSK signal with laser linewidth of 100 kHz for the transmitter and the local os-
cillator. (a) Before using carrier phase recovery algorithm, (b) after using single-stage carrier phase recovery algo-

rithm, and (c)after using two-stage joint carrier phase recovery algorithm
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Fig.5 Normalized constellation diagram of QPSK signal with laser linewidth of 100 kHz and frequency offset of 20 MHz for

the transmitter and the local oscillator. (a) Before using carrier phase recovery algorithm, (b) after using single-

stage carrier phase recovery algorithm, and (c) after using two-stage joint carrier phase recovery algorithm
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