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Calibration of Wavelength Error in Flow Injection Spectrophotometer Measurement Based
on SPA
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Abstract [ Objective] As the core equipment for rapid analysis of water quality, the flow injection spectrophotometer ( FIS) is
susceptible to multiple factors such as thermal drift in the optical path, environmental stray light interference, and instrument electronic
noise during dynamic continuous measurement, which can cause significant wavelength indication errors, directly reduce the accuracy
of absorbance measurement, and even lead to distortion of quantitative result for trace pollutants. In response to this issue, this paper
proposes a wavelength error correction method for FIS measurement based on the continuous projection algorithm (SPA), aiming to

achieve efficient compensation of systematic errors at the spectral data level and improve the reliability of detection in complex water
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matrices. [ Methods] Firstly, based on Lambert Beer’s law and grating diffraction theory, combined with the theoretical ahsorbance
of known wastewater components, the theoretical wavelength value of the characteristic absorption peak of the target analyte was
inverted and calculated; Secondly, by simulating the operation process of the instrument’s optical path, collect full wavelength raw
spectral data under different operating conditions; Subsequently, the SPA was introduced to screen the feature variables of high-
dimensional spectral data, while minimizing the collinearity of variables and extracting key wavelength combinations that were sensitive
to wavelength errors; Finally, an error correction model was constructed based on the deviation between the characteristic wavelength
and the theoretical wavelength, combined with hardware level standard lamp benchmark calibration and light source intensity adaptive
adjustment, to achieve software hardware collaborative compensation for wavelength errors. [ Results ]  Compared with traditional
polynomial fitting and competitive adaptive reweighting algorithm correction method, this method can reduce the wavelength indication
error of FIS to below 0. 01 nm and reduce the absorbance fluctuation coefficient by more than 40% ; The goodness of fit between the
component determination result of different matrix wastewater samples and the standard values reached 0. 992, significantly better than
uncorrected and traditional calibration method. [ Conclusion] This method effectively overcomes the effects of optical path thermal

drift, stray light interference, and instrument noise on wavelength measurement, greatly improving the measurement stability and

accuracy of FIS in dynamic water quality monitoring. It can provide reliable technical support for high-frequency online monitoring of

environmental water quality and precise control of industrial wastewater.
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Tab. 1 Determination of Wastewater Component Composition
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Fig. 8 Application Performance Test Resulis of the Photometer Wavelength Indication Error Calibration Method
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