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Abstract: Investigating the impact of water quality, target characteristics, and target distance on underwater
laser detection is crucial to assessing the effectiveness of laser detection for weak targets in complex coastal
water bodies. We examine the theoretical and practical significance of understanding these factors in under-
water laser detection. In this study, a laser detection model for detecting weak underwater targets is estab-
lished. Monte Carlo simulation is used to verify the detection performance of weak multi-target laser ranging
under different turbidities. The laser backscattering echo signals of weak targets at different distances are
simulated, and the backscattering echo characteristics of multiple targets with various reflection coefficients

are analyzed. Additionally, a smart and portable laser detection system for detecting weak underwater targets
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has been designed and developed. Laboratory and field lake environment tests were conducted to detect and
range for multi-target. In a near-shore lake with a turbidity of 12.87 NTU, the system can effectively detect
3—4 mixed small target groups. These groups have different low reflection coefficients and diameters vary-
ing from 80 to 400 um, all within a range of 10 meters. The average measurement error is £0.11 m, which is
consistent with the theoretical simulation results. The research results serve as a guide for computing links,
designing systems, and optimizing parameters for detecting weak underwater multi-targets using blue and

green lasers. Furthermore, the results assist in the engineering practice of detecting underwater obstacles in

offshore turbid waters.

Key words: laser detection and ranging; weak multi-target; complex hydrology; Monte Carlo
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Fig. 14 An experimental system for multi-target laser detection in a certain lake
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Tab. 6 Comparison of detection distance and actual distance for three targets

AfrgeRl HRINEEES/m I [Al/ns PRI ES/m FEME/mM  AARZEmM AR
i 5.5 512 46.5 48.6 5.894 5.345 5.582 5.607 0.107 0.1548
ik 10 91.9 87.85 84.05 10.366  9.909 9.475 9.916 0.084 0.210
ek 13 1148 11655 1156 12955 1335 13.039 13.15 0.150 0.0538
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Tab.7 Comparison of detection distance and actual distance for four targets

[ER s3] PR 25 /m B /ns S BRARIN B 5 /m F-2{H/m AR PR 2E/m Fife 2
sk 2 18.5 18.3 18.05 2.128 2.105 2.075 2.102 0.102 0.03
IR 4 34.5 36.2 37.7 3.968 4.163 4334 4.155 0.155 0.259

A 8 70.1 69.3 68.3 8.05 7.970 7.855 7.958 0.042 0.133
ZALEA 10 91.1 86.5 87.15 10.477 9.940 10.010 10.142 0.142 0.413
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