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Fig. 1

Noise-contaminated NIR spectroscopy and their L-curve

(a): SNR=19.07 dB; (b): SNR=18.79 dB
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Fig. 2 First derivative spectrum of the denoised NIR spectroscopy and its original
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(¢): CEEMD method; (d): The proposed method
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Abstract During the rapid detection of pesticide residue in fruits and vegetables by near-infrared (NIR) spectroscopy, NIR
spectroscopy is often contaminated by noises. Meanwhile, the peaks in NIR spectroscopy of chemical components of pesticides
and fruits and vegetables are weak and highly overlapped, so denoising the NIR spectroscopy has risks of smoothing weak peaks
of pesticide components or generating peaks of non- chemical components. In the subsequent classification or chemical composi-
tion analysis, the above problems deteriorate the accuracy of classification of the NIR spectroscopy and influence analysis of
chemical components of pesticide residue. In order to solve the conflict between noise suppression and peak maintenance of the
NIR spectroscopy, an adaptive denoising method is proposed based on an improved Hodrick-Prescott decomposition model. In
the model, L2 norm of the residual between the noisy near-infrared spectroscopy and its restored spectroscopy is used as the
residual term to describe the Gaussian noise structure, and 1.2 norm of the second-order difference of the restored spectroscopy is
used as the regularization term to penalize the restored spectroscopy. The penalty can force the restored spectroscopy to reduce
its gradient, resulting in smoothing noises and keeping the original peaks. In order to acquire the regularization parameter in the
optimization equation of the Hodrick-Prescott decomposition model adaptively, an L-curve method is combined into the method.
So in the method. the optimal regularization parameters are obtained by solving the parameters corresponding to the maximum
curvature point of the L-curve, which can balance the regularization term and the residual term in the Hodrick-Prescott decompo-
sition model and finally obtain ideal restored spectroscopy. In order to compare wavelet decomposition methods with bior6. 8 ba-
sis and sym8 basis and complete ensemble empirical mode decomposition method, signal-to-noise ratio (SNR) is computed, and
a support vector machine (SVM) classification model is established by NIR spectroscopy of Shanghai Qing with pesticide and
without pesticide. The experimental results show that the SNR value of the denoised NIR spectroscopy can reach to 33.35 dB
when using the proposed method to deal with the noisy spectroscopy with 18. 79 dB. Then the method is applied to denoising the
NIR spectroscopy in the training set and the testing set, the recognition rate of vector machine classification model trained by the
training set and testing set are 93.58% and 71.18% respectively. This recognition rate is significantly higher than the results
using the above three denoising methods and is close to the results of the original uncontaminated spectroscopy. The results vali-
date that the proposed method has better denoising effect than other methods mentioned, which can improve the stability of NIR

classification model to pesticide residue detection.
Keywords Hodrick-Prescott decomposition; L-curve; Adaptive; Denoising; Near-infrared spectroscopy
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