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Abstract: Backscattered photons in bidirectional underwater wireless optical communication (UWOC) systems can
interfere with optical signals, reduce the signal-to-noise ratio (SNR) at the receiver, and even cause optical saturation
in the detector. Therefore, in-depth research on the power distribution and arrival angle distribution of backscattered
photons holds significant importance for bidirectional UWOC systems. An improved Monte Carlo (MC) simulation

method was proposed. Instead of directly enlarging the detector’s target area, photon characteristics within a larger an-
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nular region were statistically analyzed to approximate those within the detector’s target area. This approach was ca-
pable of reducing the simulation time by more than 58%. The power distribution and photon arrival angle distribution
of backscattered photons for different water types and light source divergence angles were comprehensively analyzed.
An experimental platform was also established for validation. Simulation results demonstrate that when the light
source divergence angle is below 60°, there is no significant difference in the backscattered light power distribution or
photon arrival angle distribution. Experimental results indicate that as magnesium hydroxide concentration increases,
the backscattered light power becomes relatively higher. When the light source divergence angles are 3° and 48°, their
backscattered light power distribution curves nearly overlap, aligning with simulation results. Through simulations
and experiments, this study confirms that water types are the primary factor influencing backscattered light distribu-
tion, while the light source divergence angle has limited impact on system backscattering characteristics. This finding
provides valuable references for the design of receivers in bidirectional UWOC systems.
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