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Based on Full-Spectrum Analysis and Artificial Intelligence; Research and Application of Novel Sensing Technologies for
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Abstract: Water pollution poses a significant constraint to sustainable development, while traditional monitoring methods suffer
from high latency, substantial costs,and difficulties in capturing transient pollution events. To achieve real-time, multi-parameter,
and intelligent water quality monitoring, this study investigates a novel approach integrating full-spectrum analysis with artificial
intelligence technology. By capturing continuous absorption spectra of water across ultraviolet, visible, and near-infrared range
(200-900 nm) and establishing nonlinear mapping relationships between spectral features and key water quality parameters using
deep learning algorithms, rapid inversion and analysis of parameters including chemical oxygen demand ( COD) , total nitrogen
(TN) ,ammonia nitrogen (NH,-N) ,and total phosphorus (TP ) were achieved. Practical applications show that this technology
exhibits high monitoring accuracy and stability in scenarios such as raw water in sewage treatment plants,river discharge outlets,
and surface water monitoring. The inversion success rate for most parameters exceeds 90% , with the average relative error being
significantly lower than industry standard requirements. This technology provides effective support for refined management and
intelligent decision-making in water environmental protection.
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Fig.3 Box plot of validity of label values for four water quality parameters
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