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Abstract To study the communication performance of non-line-of-sight (NLOS) ultraviolet (UV) communication
in foggy environments, we propose a new attenuation model and a simplified calculation method of asymmetric
factors. These solve the problems that the common fog attenuation model is not suitable for ultraviolet
atmospheric channel attenuation and the calculation of multiple scattering transmission model is complex. A single-
input-multiple-output (SIMO) ultraviolet communication system is established using the diversity receiving
technology. First, a UV attenuation model is developed based on the Mie scattering theory to calculate the UV
attenuation parameters of two fog types at different concentrations. Second, the asymmetric factor of a droplet
size is established to simplify the calculation. Finally, the equal-gain combining technique is used to combine the
diversity received signals. The performance of the SIMO UV communication system 1s analyzed by the Monte

Carlo method and compared with that of the SISO UV communication system. The results show that diversity
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reception can effectively improve the performance of ultraviolet communication on foggy days: on thick, medium

and thin fog days, and the maximum communication distance of the SIMO communication system is about 5, 10,

and 10 m longer than that of a SISO communication system, respectively. When the bit error rate of the SISO

ultraviolet communication system is 10 °, the bit error rate of the SIMO communication system is reduced to

about 10 .
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Fig. 1

Spectral distribution of advection fog and radiation fog with visibility of 0.05, 0.20 and 2.00 km. (a) Advection fog;

(b) radiation fog
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Table 1 Attenuation coefficients of advection fog and radiation fog under four kinds of visibility

Visibility /km 0.05 0.20 1.00 2.00
Attenuation coefficient a for advection fog /km ™ 80. 2841 20. 2794 4.1456 2.1137
Attenuation coefficient a for radiation fog /km™' 83. 3447 21.5121 4.6959 2. 5559
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Table 2 Asymmetric factors under different weather conditions

Visibility /km g

Advection fog Radiation fog

0.05 0.8353 0.8311
0. 20 0.8334 0. 8286
2.00 0.8302 0.8245
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Table 3 Simulation parameters

Parameter Value
Wavelength /nm 250
Scattering times 4

Atmospheric model parameter y 0.017
Atmospheric model parameter f 0.5
RX angle pair (a,, ,) /(°) (60,90)
FOV ¢, /(%) 30
Receiver aperture area A /cm” 1.77
TX angle pair (a, y,) /(°) (60,270)
Transmitter angle of view ¢, /(°) 17
Emission power P, /mW 0.3
Information rate Ry /(kbit-s™") 5
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Fig. 7 Bit error rate of SISO and SIMO UV communication systems. (a) 0.05 km, advection fog; (b) 0.05 km, radiation fog;

(c) 0.20 km, advection fog; (d) 0.20 km, radiation fog; (e) 2.00 km, advection fog; (f) 2.00 km, radiation fog

F4 V% T SISO 5 SIMO il {5 & e iR % %
T3 A 1 B
Table 4 Ry and communication distance of SISO and
SIMO under advection fog
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Maximum distance of SISO /m 21 30 40

Distance increment of SIMO /m 5 10 10
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Rupm 107 10 ° 10 °
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