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Fig. 1. Schematic diagram of THz-TDS system.
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Table 1.  The information of experimental sample.
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Fig. 2. THz time-domain spectra of 360 rapeseed oil

samples.
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Fig. 3. THz time-domain spectra of four types of rapeseed

oils and reference signal.
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Fig. 4. THz frequency-domain spectra of four types of rape-

seed oils and reference signal.
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Fig. 5. Absorption spectra of 360 rapeseed oil samples in
the 0.3—1.8 THz range.
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Fig. 6. Average absorption spectra of four types of rape-
seed oils in the 0.3-1.8 THz range.
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Fig. 7. Bar chart of variance contribution rates for absor-

bance’s principal components.
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Fig. 8. 3D scatter plot of the first three principal compo-

nents of absorbance.
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Fig. 9. Fitness evolution curves during SVM parameter op-
timization process for two algorithms: (a) MOA; (b) AL-
MOA.
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Table 2.

under two algorithms.

Results of SVM parameter optimization
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Fig. 10. Confusion matrices of the classification results for
the two models: (a) MOA-SVM model; (b) ALMOA-SVM

model.
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Table 3. Performance evaluation of the MOA-
SVM model and ALMOA-SVM model.

TR B EER /% R/ % K/ %
Non-GMO1 100 96.43
Non-GMO2  92.59 100
MOA-SVM 98.15
GMO1 100 96.43
GMO2 100 100
Non-GMO1 100 100
Non-GMO2 100 100
ALMOA-SVM 100
GMO1 100 100
GMO2 100 100
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Abstract

To achieve rapid and accurate identification of genetically modified (GM) and non-GM rapeseed oils, a
support vector machine (SVM) model based on an improved mayfly optimization algorithm and coupled with
the terahertz time-domain spectroscopy, is proposed. Two types of GM rapeseed oils and two types of non-GM
rapeseed oils are selected as research subjects. Their spectral information is acquired by using the terahertz
time-domain spectroscopy. The observations show that GM rapeseed oils exhibit stronger terahertz absorption
characteristics than non-GM rapeseed oils. However, their absorption spectra are highly similar, making direct
differentiation difficult through visual inspection alone. Therefore, SVM is used for spectral recognition.
Considering that the classification performance of SVM is significantly affected by its parameters, the mayfly
optimization algorithm is combined to optimize these parameters. Furthermore, adaptive inertia weight and
Lévy flight strategies are introduced to enhance the global search capability and robustness of the mayfly
optimization algorithm, thus addressing the issue of easily becoming trapped in local optima in the optimization
process. Moreover, principal component analysis is used to reduce the dimensionality of the absorbance data in
a 0.3-1.8 THz range, aiming to extract critical features, thereby enhancing modeling efficiency and reducing
redundancy in spectral data. Experimental results demonstrate that the improved mayfly optimization
algorithm effectively identifies the optimal parameter combination for SVM, thereby enhancing the overall
performance of the identification model. The proposed SVM model, in which the improved mayfly optimization
algorithm is used, can achieve a recognition accuracy of 100% for the four types of rapeseed oils, surpassing the
98.15% accuracy achieved by the SVM model with the original mayfly optimization algorithm. Thus, this study
presents a rapid and effective new approach for identifying GM rapeseed oils and offers a valuable reference for

identifying other genetically modified substances.
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