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Abstract: Multi-aperture receiving technology can effectively suppress intensity scintillation in wireless laser
communication. However, the effect of the diameter, spacing and number of receiving aperture on improving
the performance of wireless laser communication is not clear and complete. Therefore, an optical transmission
method based on composite phase screen was proposed, and the characteristics of multi-aperture reception
were studied. Firstly, the power spectrum inversion method was combined with Zernike tilt method to generate
a composite phase screen, and the mathematical model of optical transmission multi-aperture reception was

constructed. Then, the diameter, spacing and number of receiving aperture were changed to calculate the
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change of intensity scintillation at the receiving end. Finally, the variation of multi-aperture received intensity

scintillation was analyzed under the actual optical transmission scenario with different atmospheric refractive

index structure constants, wavelengths and transmission distances. The results show that the intensity scinti-

llation of five receiving apertures with diameters of 0.2 m and aperture spacing of 0.4 m decreases from 0.203 2

to 0.0524 when the structure constant of atmospheric refractive index decreases from 2.2313x107"° m

—2/3 to

1.5812x10™7 m™’. When the wavelength of light wave changes from 532 nm to 1550 nm, the intensity

scintillation of five receiving apertures with diameters of 0.2 m and apertures spacing of 0.4 m decreases from

0.2165 to 0.1523. When the propagation distance increases from 7x10° m to 7x10° m, the intensity scinti-

llation of five receiving apertures with diameters of 0.2 m and aperture spacing of 0.4 m increases from 0.004 3

to 0.3239. This study summarizes the law of multi-aperture receiving characteristics of wireless laser comm-

unication.

Key words: laser communication; phase screen; multi-aperture reception; intensity scintillation
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Table 1 Numerical simulation parameters

Parameter Value
Wavelength A/ nm 1000
Propagation length L /m 8x10"
Height 4 /km 0.8
Wind speed v/m.s ' 32
Inner scale /,/m 0.001
Outer scale L,/ m inf
Number of intervals in split-step 11
beam propagation method nscr
Interval length in split-step beam 8x10°

propagation method z / m
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Table2 Change wavelength numerical simulation para-

meters
Parameter Value
Wavelength 4/ nm 532/980/1550

Propagation length L/m 8x10*

Height A/km 0.9

Wind speed v/(m-s ") 32
Inner scale // m 0.001

Outer scale Ly m inf

Number of intervals in split-step 11

beam propagation method nscr

Interval length in split-step 8x10°

beam propagation method z/m
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Fig. 11 Relationship of receiving aperture number n=1

corresponding to intensity scintillation at different

transmission distances
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corresponding to intensity scintillation at different
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Table3 Change transmission distance numerical simu-

lation parameters

Parameter Value
Wavelength A/ nm 1000
Propagation length L /m 7x10%/7%10%7%10°
Height 4 /km 0.9
Wind speed v/(ms™) 32
Inner scale /,/m 0.001
Outer scale L,/ m inf
Number of intervals in split-step 11

beam propagation method nscr
Interval length in split-step
beam propagation method z/ m

7x10%/7x10%/7x10*
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Table 4 Main experimental parameters

Parameters

Wavelength: 1550 nm
Power: 10 dBm~15 dBm
Operating wavelength: 1550 nm
Resolution: 1920x1 152
Velocity: 845 Hz
Wave band: 900 nm~ 1700 nm
Resolution: 640x512
Frame rate: 444 HZ

TE 55 T . O i U RS T R A OB BE
e 15 s,

Equipment name

Laser

Liquid crystal spatial light
modulation

Short-wave infrared camera
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Fig. 15 Receiving light spots under different turbulence
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Fig. 14 Diagram of experimental device
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