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We discuss a modified numerical model based on the Monte Carlo radiative transfer (MCRT) method, i.e., the MCRT matrix
method, for the analysis of atmospheric scattering effects in three-dimensional flash LIDAR systems. Based on the MCRT method,
the radiative transfer function for a LIDAR signal is constructed in a form of a matrix, which corresponds to the characteristic
response. Exploiting the superposition and convolution of the characteristic response matrices under the paraxial approximation,
an extended computer simulation model of an overall flash LIDAR system is developed. The MCRT matrix method substantially
reduces the number of tracking signals, which may grow excessively in the case of conventional Monte Carlo methods.
Consequently, it can readily yield fast acquisition of the signal response under various scattering conditions and LIDAR-system
configurations. Using the computational model based on the MCRT matrix method, we carry out numerical simulations of a
three-dimensional flash LIDAR system operating under different atmospheric conditions, varying the scattering coefficient in terms
of visible distance. We numerically analyze various phenomena caused by scattering effects in this system, such as degradation
of the signal-to-noise ratio, glitches, and spatiotemporal spread and time delay of the LIDAR signals. The MCRT matrix method
is expected to be very effective in analyzing a variety of LIDAR systems, including flash LIDAR systems for autonomous driving.
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Fig. 1. Simulation procedure of the proposed MCRT matrix model.
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Fig. 2. Schematic diagrams for how to construct a radiative
transfer matrix: (a) for the characteristic response and (b) for the
real signal’s response. The unit signal and the LIDAR signal
generated from the light source on the left side are illuminated
onto the screen on the right side. The screen is divided into
imaginary grids, recording the signal power received separately
by each zone. The real signal’s response can be constructed by
the relevant superposition of characteristic responses.
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Table 1. Parameters used in the simulations

Parameter Value
Anisotropy of atmosphere 0.7
Operating wavelength 905 nm
Radiation power of source 1 W
Pulse width of radiated signal 1 ns
Divergence of radiated signal 30°
Acceptance angle 10 mrad
Object distance 10 m / 40 m
Reflectivity of object 0.1
Number of trials 108
Angular resolution 1 mrad
Spatial resolution 0.01 m
Temporal resolution 0.1 ns
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