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Abstract Aiming at the problems of large path loss and difficult site selection of ultraviolet non-line-of-sight
communication in rugged terrain environment, a method for solving the optimal receiving and transmitting elevation
angles of ultraviolet non-line-of-sight transmission based on a digital elevation model (DEM) is proposed. Based on
the ultraviolet non-line-of-sight single scattering model, the relationship between path loss and receiving and
transmitting elevation angles is studied. Aiming at the original DEM data of different terrains, the resolution is
improved by interpolation, and the tangent transmission scheme is proposed. The influences of the positions and
elevation changes of the receiver and transmitter on the path loss of the communication system are studied by using
the sequential traversal method. The simulation results show that the path loss is an increasing function of the
receiving and transmitting elevation angles in the range of [10°, 80°]. After using the inverse distance weighted
interpolation method to improve the data resolution, the path loss is reduced by 0. 014 dB, 0. 043 dB, and
0.385 dB, respectively, compared with the original data. When it is arranged according to the tangent transmission

scheme, the path loss of the communication system is minimal, and the designed simulation program can provide
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support for the scientific layout of the receiving and transmitting stations.

Key words optical communications; ultraviolet light; single scattering model; rugged terrain; path loss
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Fig. 1 Single scattering communication model of

ultraviolet non-line-of-sight light
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Table 1 Simulation parameters

Parameter Value
Wavelength A /nm 266
Transmitting power P, /W 0.02
Receiving aperture area A, /m’ 1.77X10°"
Divergence angle ¢+ /(%) 30
Field of view of receiver ¢ /(%) 30
Absorption coefficient K,/m ' 7.45%10 "
Rayleigh scattering coefficient K /m™ " 2.58X107"
Mie scattering coefficient Ky /m ' 8.87x10 "

Parameter of Rayleigh scattering phase function ¥ 0.017

Asymmetry factor of Mie scattering phase

, 0.72

function g
Scattering factor of Mie scattering phase function f 0.5
Communication baseline distance » /m 100
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#2 M, ~M,, BEIRE
Table 2 Coordinate values of M, | —M,

Lem Gr.id x y h
point  Coordinate Value Coordinate Value Coordinate Value
M, , X,,  X[floor(z,/d)>+1] Y, Yy, /d+2) H.,  H[floor(z,/d)+1.y,/d+2]
M, X,,  X[floor(z,/d)+2] i Yy, /d+2) H.,  H[floor(z,/d)+2.y,/d+2]
L Mo X.. X[floor(x,/d)+1] Y., Yy, /d+1) H.,  H[foor(zx,/d)+1.y,/d+1]
M,, X..  X[floor(z,/d)+2] Y., Yy, /d+1) H.,  H[floor(z,/d)+2.y,/d+1]
M, . X..  X[floor(z,/d)+1] Y., Yy, /d) H,, H[floor(x, /d)+1.y,/d]
M,, X,.  X[foor(x,/d)+2] Y, Yy, /d) H,, H[floor(x, /d)+2.y,/d]
M, X, X(x,/d) Y.,  Y[floor(y,/d>+2]  H,, H[x,/d floor(y, /d)+2]
M, X, X (x, /d) Y,,  Y[foor(y,/d)+1]  H,, H[x,/d floor(y, /d)+1]
L Mo X, X(x,/d+1) Y,,  Y[foor(y,/d)+2]  H,,  Hlz,/d+1.loor(y,/d)+2]
M,, X, X (x,/d+1) Y,.  Y[floor(y,/d)+1]  H,,  Hlz, /d+1.floor(y,/d)+1]
M, . X, X(x,/d+2) Y.,  Y[floor(y,/d)>+2]  H,,  H[x,/d+2.oor(y,/d)+2]
M, X, . X(x,/d+2) Y.,  Y[floor(y,/d>+1]  H,,  Hl[x,/d+2.0loor(y,/d)+1]
80
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Fig. 11 Schematic diagram of outline curve of

Fig. 12 Schematic diagram of maximum tangent angle
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Table 3 Comparison of terrain interpolation effect

Method Euyag/m  Egyss/m R Average time /s
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Table 4 Tangent angle and path loss
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Terrain [l 4. 78 7.42 114. 452 18.02 15.13 116.124 20. 51 23.15 116. 905
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Table 5 Growth rate of path loss

Growth rate / Growth rate / Growth rate / Growth rate /
O 0) O .0p) 01 .08) 0 0x)
% % % %
(11°,11%) 5.48 (21°,21%) 3. 81 (31°,31%) 3.74 (41°,41°) 2.87
(12°,12°%) 10. 35 (22°,22%) 7.46 (32°,32%) 7.31 (42°,42°%) 5.50
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