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Table 1 Fig. 2(b) evaluation of four filtering results by three evaluation systems

Signal type MSE Anti—smoothness SNR/dB
Raw data 488221.978 0.401788332 —14.27
Median filter 854.234 1.511725574 13.3
Moving average 935.398 2.698146146 12.91
Basic Kalman 3165.014 2.509650314 7.61
PSO &. Kalman 87.424 0.576090465 23.2
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Table 2 Fig. 2(¢) evaluation of four filtering results by three evaluation systems

Signal type MSE Anti—smoothness SNR/dB
Raw data 771199.822 0.313858793 —14.03
Median filter 978.813 0.934638346 14.94
Moving average 1164.674 1.639449875 14.18
Basic Kalman 5230.948 1.451187535 7.66
PSO &. Kalman 3.814 0.323675422 39.03
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Fig 6 Comparison images of ethanol’s Raman spectra results from different algorithms
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Table 3 Evaluation of four filtering results from ethanol measured data using three assessment systems

Signal type MSE Anti—smoothness SNR/dB
Raw data 659562.719 0.218868336 —3.95
Median filter 521.810 0.402224074 27.06
Moving average 753.449 0.52254298 25.47
Basic Kalman 15209.919 0.607880008 12.42
PSO &. Kalman 7.789 0.286409351 45.33
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Table 4 Evaluation of four filtering results on measured polypropylene data using three assessment systems

Signal type MSE Anti—smoothness SNR/dB
Raw data 9468597.740 0.28150388 —13.12
Median filter 184.024 0.304536738 33.99
Moving average 451.125 0.362742991 30.1
Basic Kalman 23154.902 0.351990187 12.99
PSO &. Kalman 0.027 0.284382894 72.35
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Research on Kalman Spectral Filtering Method Using Improved PSO
Adaptive Optimization

HOU Maosheng, SHAO Yuheng, LIU Tao, LIU Chuang, WENG Mingwang, WANG
Tongyu
(Key Laboratory of Optoelectronic Measurement and Optical Information Transmission Technology of the Ministry of

Education, College of Optoelectronic Engineering, Changchun University of Science and Technology, Changchun
130022, China)

Abstract: Spectral filtering algorithms constitute a core component of spectral detection technology.
Traditional spectral filtering methods, however, suffer from various shortcomings: median filtering lacks
accuracy for complex dynamic signals, moving average filtering has limited noise adaptability, and Kalman
filtering is difficult to tune manually. Few adaptive Kalman filtering methods can be directly applied to
spectral filtering. To overcome these issues, this study proposes a Kalman spectral filtering method that
employs improved Particle Swarm Optimization (PSO) for adaptive parameter optimization. This method
aims to overcome the parameter tuning difficulty, insufficient accuracy, and poor stability of traditional
Kalman filtering in spectral filtering. It also targets higher accuracy than other traditional filters. In this
method, a Kalman filter is integrated with PSO-based adaptive optimization. The particle swarm algorithm
innovatively adopts a weighted fitness function that combines Mean Square Error (MSE) and anti-
smoothness. This function is specifically designed for spectral filtering. This allows adaptive optimization of
the process noise and measurement noise covariance matrices. Such optimization overcomes the inefficiency
of manual parameter tuning in traditional Kalman filtering. As a result, effective filtering is achieved while
more detailed waveform features are preserved. The effectiveness and applicability of the proposed
algorithm are validated using four datasets: two sets of simulated spectral data, a measured Raman
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spectrum of anhydrous ethanol, and a measured Raman spectrum of polypropylene. Meanwhile, to clearly
demonstrate its advantages, the proposed method is compared with three traditional methods. Mean square
error, signal-to—noise ratio, and anti-smoothness are used as evaluation indicators. Simulation and
experimental results demonstrate that the proposed method achieves superior overall performance. For the
two simulated datasets under low—noise and high—noise conditions, the proposed algorithm achieves MSE
values of 3.814 and 87.424, respectively. This indicates that the filtering error is greatly reduced, and the
algorithm can effectively eliminate noise interference while significantly improving signal quality. In terms
of SNR, the proposed method reaches 39.03 dB in the low—noise scenario and 23.2 dB in the high—noise
scenario, exhibiting excellent noise suppression capability, far exceeding those of the three traditional
methods. In terms of anti—smoothness, the proposed method is the closest to the original spectral signal
among all compared methods. This indicates that the algorithm can effectively retain the detailed
characteristics of the original spectral signal while suppressing noise. The experimental results of the
measured ethanol and polypropylene Raman spectra further demonstrate that the proposed algorithm is
practical and reliable. For the filtered data, the MSE values are 7.789 and 0.027, respectively. This
demonstrates the high accuracy of the proposed algorithm in practical spectral filtering. The SNR values of
the filtered data reach 45.33 dB and 72.35 dB, respectively, both being the highest among all compared
methods. This shows that the algorithm has strong adaptability and noise suppression ability in actual
measurement scenarios. In addition, the anti—smoothness of the proposed algorithm is also the best among
the four filtering methods. This further confirms that the algorithm can well balance two core requirements:
strong noise suppression and detailed feature preservation. Therefore, the proposed method has three main
advantages. First, it significantly reduces the reliance on manual parameter tuning, solving the associated
problems of high tuning difficulty and poor consistency in traditional Kalman filtering. Second, it greatly
improves the accuracy and robustness of spectral filtering. Meanwhile, its good performance in anti-
smoothness shows that this method balances strong noise suppression and detailed feature preservation
well. This addresses the key challenge of traditional filtering methods: balancing noise suppression and
detail preservation. In summary, the proposed Kalman spectral filtering algorithm using improved PSO
adaptive optimization provides a new and effective method for spectral filtering in various fields. It also
offers significant theoretical reference value and promising practical application prospects for the
advancement of spectral detection technology.

Key words: Particle Swarm Optimization (PSO) algorithm; Kalman filtering algorithm; Spectral
filtering algorithm; MSE; Anti—smoothness; SNR
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