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Fig. 1. Diagram of the local coordinate system.
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Fig. 2. (color online) Diagram of incident laser beam

on sea surface.
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Table 1. Experimental parameters.

CCD &4 WOLR SR
S  D/m
Myt /(°) Bx Hy/m 0/(°) ¢/(°) H/m  K#if/(°)
1 168 5.5(H) x 4.5(V) 320(H) x 256(V)  12.7 83 10 3.5  40(H) x 5(V)
2 168 5.5(H) x 4.5(V) 320(H) x 256(V)  12.7 83 15 3.5 40(H) x 5(V)
3 168 5.5(H) x 4.5(V)  320(H) x 256(V)  12.7 83 20 35  40(H) x 5(V)

4 SERZEIR SR (a) HHEER o = 10°; (b) SEIEER = 15°; (c) SLHLER o = 20°; (d) BHLER
o =10°; (e) BHULR ¢ = 15°; (f) LR o = 20°

Fig. 4. Experimental results and simulation results: (a) Experimental results ¢ = 10°; (b) experimental
results ¢ = 15°; (c) experimental results ¢ = 20°; (d) simulation results ¢ = 10°; (e) simulation results

p = 15°; (f) simulation results ¢ = 20°.
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Abstract

Studies on the direction distribution of laser beam intensity reflected from the sea surface is important for engineering
practice in the area of optoelectronic confrontation on the sea surface. In the traditional theory of electromagnetic
scattering from rough surfaces, the scattered field from the sea surface can be obtained by solving the Maxwell’s equations.
As is well known, it is difficult to solve the Maxwell’s equations. Therefore, the numerical calculation method and
approximate analytical method are used to obtain the scattered field from the sea surface. However, for the numerical
calculation method, it is difficult to meet the computing requirements of large electrically targets such as the sea surface.
Meanwhile the approximate analytical method has certain restrictions on the parameters of rough surface in physical
approximation. What is more, the inherent error is also caused by the physical approximation. In this paper, we
investigate the laser beam reflection from rough sea surface with Monte Carlo method and principles of geometric
optics. The rough sea surface which is simulated with the fractal method is divided into a lot of small planes, and
the mathematical equations to describe the geometric characteristics of the planes are established in the sea reference
coordinate system. After that, based on the simulation of Gaussian beam with Monte Carlo method, the laser beam
is divided into a great number of rays and the statistical properties of the rays satisfy the propagation characteristics
of Gaussian beam. Then, the laser beam reflection model from the sea surface is derived in the reference coordinate
system. The direction distribution of the laser beam intensity reflected from the sea surface is simulated under a certain
experiment condition with this model. The results show that the simulation results of laser beam reflection from the sea

surface fit the experimental results well.

Keywords: Gaussian beam, laser reflection form sea surface, geometrical optics

PACS: 42.68.Xy, 42.62.-b, 42.15.- DOI: 10.7498/aps.65.144204
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