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Optimization of Link Analysis and Design for Long-Range
Non-Line-of-Sight Atmospheric Scattering Communication

Song Chao Xu Zhiyong Wang Jingyuan Wei Yimei
(Institute of Communication Engineering, People's Liberation Army University of

Science and Technology . Nanjing, Jiangsu 210007, China)

Abstract The average scattering phase function is proposed, to present the angular scattering properties of cloud
droplets more accurately than Henyey-Greenstein (H-G) phase function. The theoretically multiple scattering model
is founded in the form of Markov chains. which is based on probabilistic theory and stochastically migrating theory.
The characteristics of path loss under given communication configurations are obtained by Monte Carlo simulation
algorithm. The best communication configurations for non-light-of-sight (NLOS) atmospheric aerosols scattering and
cloud-droplets scattering are analyzed, considering whether there are clouds suspending in the atmosphere. The
rationality of analysis is validated by the consistency between experimental data and simulation results. The
conclusions referred in this paper are wavelength-dependent. and laser diode (LD) with wavelength 808 nm is chosen
as the source light of experiment and simulation.
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Table 2 Parameters for simulations of NLOS optical

scattering communication

Extinction Scattering

Typ.e of coefficient coefficient Height Thickness
particles k. /km ! k. /km ! H,/m ho/m
Atmospheric 4 4663 4o 2699 — —
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Table 3 Simulation results and experimental data for NLOS atmospheric aerosol scattering on the

range of 11. 7 km (experiment [ )

Received elevation angle /(%) 0 1 2 3 4 5 6
experiment | -1 102. 95 101. 19 102. 67 104. 29 105. 96 107. 30 108. 42
simulation [ -1 105. 24 102. 38 103. 36 104. 07 105. 26 105. 81 106. 90
Path loss /dB .
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simulation [ -2 108.73 106. 74 109. 58 111.53 113. 36 114.43 115.12
Received elevation angle /(%) 7 8 9 10 11 12 13
experiment | -1 109. 42 110.73 111.70 112.67 112.95 114. 29 114. 71
simulation [ -1 107.97 109. 29 109.91 110. 96 112.01 112.50 113.76
Path loss /dB )
experiment [ -2 115. 68 116. 75 118. 69 121.19 125. 96 — —
simulation | -2 115.50 116. 24 117. 46 118. 45 120.01 — —
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Table 4 Simulation results and experimental data for NLOS atmospheric scattering on the range of

11. 7 km (experiment [ )

Received eleyation 0 1 2 3 4 5 6 7 8 9 10 11
angle /(°)

experiment | 103.96 103.41 102.71 103.17 106.18 107.94 109.19 109.81 110.95 111.74 112.20 112.19
Path (gf;ﬁ;f}gn) 105.56 103.55 104.53 106.68 107.54 108.32 109.72 110.09 110.41 110.65 110.70 110.91
loss /dB
cloud droplets
(simulation)

— 128.21 126.57 122.74

Received eleyation 12 138 14 15 16 17 18 19 20 205 21 22
angle /(°)

experiment [[ 112,19 112.71 112.71 112.93 112.93 112.93 112.92 112.92 110.28 110.95 109.70 109. 69
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Path (simulation) 110.92 111.10 111.29 111.33 111.45 111.52 111.79 112.00 112.06 112.10 112.19 112.60
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112.87 113.28 113.50 112.54 112.88 112.93 113.42 113.15 113.56 113.43 113.77 114.47
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. . 109.39 109.33 109.51 110.02 112.90 117.17 120.70 125.12 128.22 131.64 145.76 149.91
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