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Fig. 1 Mie scattering diagram of spherical particles
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Table 1 Size distribution model parameters
a b ro/pm a B
Haze L 4.975 7X 106 15.118 6 0. 07 2 1/2
Haze M 5.333 3X10* 8.944 3 0. 05 1 1/2
Haze H 4.000 0X10° 20. 000 0 0. 10 2 1
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Fig. 3 Size distribution segmentation sketch of Haze H
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Fig. 4 NLOS UV communication multiple scattering model
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Table 2 Simulation parameter setting

Parameter Value

Wavelength A 260 nm
Particle radius R 0.15 pm

The number of transmitted photons M 206

The number of multiple scattering N 2

Beam angle ¢, 3°

Field of view (FOV) ¢, 40°
Transmitter’s elevation angle 6, [10°, 30°, 50°, 70°]
Receiver’s elevation angle 0, [10°, 30°, 50°, 70°]
Emission power Pr 0.6 mW
Detector active area A 1. 92 cm?®
Information rate Rpr 10 kbps

Baseline distance d [10, 250, 500, 1 000 m]
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Fig. 6 Path loss changing with haze particles density
(a): d=100 m; (b): d=250 m; (¢): d=500 m; (d): d=1 000 m
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Table 3 Weather parameters

P . Visibility PM2. 5 Concentration PM10 Concentration Temperature Wind speed Relative
arameter o _ 1
/km /(pg* m™3) /(pg* m™3) /C /(m s 1) humidity/ %
Fine weather 10 69 71 2 1~2 48
fog =

Severe fog and 3 374 412 3 2~3 81

haze weather
Extremely severe fog 9 509 610 5 93 86

and haze weather

T4 =MRRESHSH

Table 4 Three weather size distribution parameters

. Severe fog Extremely severe
Fine

and haze fog and haze
weather

weather weather

a 2.529 64 X107 6. 852 04 X107 46. 617 7X 107

b 21.059 36. 24 32.52
a 1. 967 3.614 3. 437
B 0. 654 1. 197 0. 956
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Fig. 9 The relationship between path loss and communication distance under different weather conditions
(a): 6,=10°, 6:=10"; (b): 6, =20", §,=20°
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Abstract In the non-line-of-sight wireless ultraviolet communication, particles in the atmosphere scatter ultraviolet light to help
transmit information, which offers a broad prospect for applications in near-range covert communication. Haze particles,
belonging to the aerosol category, are composed of dust, sulfide, organic hydrocarbon, and other particles in the air. Physical
parameters of haze particles. such as size, concentration, and shape, greatly affect the transmission characteristics of wireless
ultraviolet light scattering communications. In this work, we first established an ultraviolet multi-scattering model based on the
Monte Carlo method. This model considers the effects of two physical quantities of haze particles-radius and concentration.
Using this model, we simulated many photons passing through the multi-scattering transmission channel under various haze
conditions. The relations of the path loss to particle radius and concentration level are evaluated and analyzed. The results show
that: (1) Under the condition of wireless ultraviolet light short-range communication, higher haze concentration results in lower
path loss and better system performance; (2) When the communication distance is longer than 500 meters, as the particle
concentration continually increases. the system path loss generally decreases first and then increases; (3) With a fixed particle
concentration, enlarging the particle radius causes the system path loss to drop initially, but as concentration continues to
increase, the path loss rises again. In addition, the particle radius which produces the minimum path loss reduces monotonically
as the transmission distance increases. Secondly, we incorporated the particle size distribution of the atmosphere into the model
by segmenting the distribution to obtain different particle sizes and corresponding concentrations. Assuming that particles of
different sizes and concentrations sequentially scatter photons, the model evaluates the probability of photons arriving at the
receiver by passing them through each channel with a single particle size. Then, the model calculates the total probability of
photons received and the path loss of the system when particles of all sizes are present. This way, our model creates a realistic
multi-scattering transmission environment similar to the actual atmospheric channel where haze particles of all sizes exist
simultaneously. Finally, we built an experimental platform to measure the system path loss to communication distance and
transmission and receiving elevation angles under three different weather conditions: fine, severe haze, and extremely severe
haze. Comparing the measured results of path loss to those from the simulation model, we found that the experimental and
simulation results shared the same trend, the communication quality in haze weather is always better than good weather, and

larger transmission and reception elevation angles always cause a higher path loss.
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