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Abstract:In a single-source modulation retro-reflector (MRR) free-space optical (FSO) system, the
downlink signal causes crosstalk to the uplink remodulation signal of MRR terminal received by trans-
ceiver terminal,causing the system's bit error rate performance to deteriorate. In this paper,we propose
to use combinatorial logic (CL) inverse pulse position modulation (IPPM) scheme to eliminate the
crosstalk of the downlink signal to the uplink remodulation signal to reduce the bit error rate of the sin-
gle-source MRR FSO communication system. In this study, we built a CIL-IPPM-based single-source
MRR FSO communication experiment platform,and did simulation and full-duplex communication exper-
iment based on it. The results show that the single-source MRR FSO communication system using the
CL-IPPM scheme has a gain of about 5 dB. Furthermore, when the transceiver terminal and MRR termi-
nal adopted IPPM, CL-IPPM scheme has the best bit error rate performance. In addition, we used the
pseudo-phase conjugation property of the micro-corner cube retro-reflector array to improve the robust-
ness of the MRR FSO system, and combining the CL-IPPM and the micro-corner cube retro-reflector
array, the full-duplex communication based on single-source MRR FSO system can be realized with a bit

error rate of 107 or less under weakly and medium turbulent environment.
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A B C D E F G H I J K L
o 1 1 1 o0 1 11 o 1 1 1
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0 1 1 1 0o 1 o 1 1 10 1
o 1 1 10 1 1 0 1 1 1 0
1 o 1 1 o o 1 1 0o 1 1 1
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10 1 1 10 o0 1 1 10 1
1P o 1 1 1 o 1 o 1 1 1 ©0
1 1 o 1 o 1 o 1 o 1 1 1
1 1 0 1 10 o0 1 10 1 1
1 1 o 1 1 1 o 1 1 1 0o 1
11 o 1 1 1 o o0 1 1 1 ©
1 1 1 0 0 1 10 o 1 1 1
11 1 o 1 o 1 o 1 o0 1 1
1 11 o 1 1 o o 1 1 o0 1
1 1 1 0 1 1 1 0 1 1 1 0
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Tab. 2 Parameters for system simulation

Parameter Value

Wavelength A 635 nm

Transmitted Beam waist W, 15.9 mm
LASER beam Curvature radius F, —69.9 m
Beam divergence 6, 0. 46 mrad

Inner scale /, 4.6 mm

Atmospheric Quter scale L, 1.1m

channel Correlation coefficient p 0.4
Link distance L 100 m
Lenses' diameter Dy 50 mm
Hard aperture IS
CCR's diameter D¢cr 50 mm
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Tab.3 Parameters of the devices in the transceiver terminal and MRR terminal

Parameters Value
High power red LASER Central wavelength 635 nm
Beam divergence <1.0 mrad
Silicon Photo detector Spectral response 350—1100 nm
(PDA36A-EC) Bandwidth DC-10 MHz
Half mirror Applicable wavelength 350—1000 nm

1200—1600 nm

Transmission/Reflectivity 50/50+3%
CCR(GCL-030505) Diameter 64 mm
MCCRA Model SickP41F
AOM Operating wavelength 633 nm=+3 mm
Center frequency 100 MHz
Modulation frequency 1 Hz—2 MHz
FPGA demo board Model ZYNQ AX7020
Model Spartan6 AX309
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Tab.4 The data measurement from atmospheric turbulence simulation box
Parameters Turbulent state  Turbulent state  Turbulent state  Turbulent state ~ Turbulent state
1 2 3 4 5
T./C 25.3 45.5 53.3 31.6 32.9
T,/ C 25.1 28.2 29.1 54.2 73.1
T,/ C 25.4 27.5 27.8 31.8 33.6
T,/C 26.3 27.9 28.2 33.1 34.6
T;/C 39.2 29.1 29.7 72.3 76.7
T,/ C 26.9 56. 2 59.5 32.9 33.9
C: 1.4012X10° " 4.4112X10° 1 6.2685X 10" 1.6553X1071" 2.6896X107"
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