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UV Detection Wavelength Optimization and Simulation for Miniaturized In-Situ

Seawater Nitrate Sensors

MIAO Xin, GUAN Yinlong, LI Cong, CAO Shouqi
(College of Information Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract: To address the urgent demand for miniaturized and low-power in situ seawater nitrate sensors in the marine monitoring industry,
this study tackles the core challenge that traditional broadband UV spectral-scanning approaches struggle to simultaneously achieve
compactness and high detection accuracy. We develop a high-fidelity simulation model that integrates nitrate absorption, bromide
interference effects, and instrument noise, and propose a “finite optimal wavelength” detection strategy. By combining this strategy with a
random forest algorithm, we enable intelligent wavelength selection and nonlinear modeling. Based on simulation results, the wavelength
combination of 229 nm, 230 nm, and 290 nm was selected. The resulting model achieved an R? of 0.965 across a concentration range of
0.5-1 000 pwmol/L, with a residual relative error of approximately 2.87%. An instrument signal-to-noise ratio (SNR) of 14 dB was identified
as the critical design threshold. This strategy significantly reduces the complexity of the light source and spectral components, providing a
solid foundation for compact, low-power sensors based on UV LEDs. It is particularly well suited for detecting low nitrate concentrations in
oligotrophic marine environments.

Keywords: nitrate detection; ultraviolet spectroscopy; sensor miniaturization; limited wavelengths; Random Forest; low-power consumption



