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Effect of the Propagation Environment on the Waveform Selection and its
Optimization in Multibeam Sonar to Improve the Signal Imaging

Performance
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Abstract

This paper investigates the performance of multibeam sonar imaging in underwater acoustic environment using an
approach based on wideband orthogonal frequency division modulation (W-OFDM) and Gaussian pulse shaping. In
the proposed approach, key waveform parameters including subcarrier spacing, symbol duration, and Gaussian
pulse coefficient are tuned by a particle swarm optimization (PSO) algorithm to minimize the peak-to-average
power ratio (PAPR) while maintaining the imaging quality. Gaussian shaping is also employed to reduce spectral
leakage and improve the spectral characteristics of the signal. Simulation results show that the optimized waveform
achieves a PAPR of -v.-\ dB, which represents a af.67. reduction compared to the initial value of ..\¢ dB. In

addition, the integrated sidelobe ratio and peak sidelobe ratio values are improved to fxf dB and o.4¢ dB,
respectively. In terms of computational efficiency, the PSO performs better with about 1 times faster convergence
speed and -.\y seconds processing time (compared to 6.4\ seconds for the genetic algorithm). These findings

indicate that the proposed optimization framework can be used as an effective approach to improve power
efficiency and signal quality in multibeam sonar imaging and mapping applications.

Keywords: Multibeam Sonar, W-OFDM, Underwater Acoustic, Particle Swarm Optimization.
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" Integrated Sidelobe Ratio (ISLR)
' Peak Sidelobe Ratio (PSLR)

' Signal-to-Noise Ratio (SNR)

¥ Continuous Wave (CW)

¥ Linear Frequency Modulation (LFM)

* Non-Linear Frequency Modulation (NLFM)

° COSTAS

" Orthogonal Frequency-Division Multiplexing (OFDM)
¥ Peak-to-Average Power Ratio (PAPR)
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" Across Track

* Along Track

" Along Track

* Footprints

° Along Track Resolution
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' Oblique Range
" Pulse Length
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' Geometric Spreading Losses
" Transmission and Absorption Losses
" Absorption Coeffiecient
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