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Abstract

In this paper, a generalized partial functional linear model is proposed, which not only accommodates
composite predictors including scalar and functional variables, but also incorporates an unknown
link function and accounts for the interaction effects among functional predictors, thus achieving a
better fit to the actual characteristics of the data. Specifically, functional principal component analysis
is first adopted for dimensionality reduction. Under the assumption of a known link function, the max-
imum likelihood estimation method is employed to estimate the regression coefficients; subsequently,
with the estimated regression coefficients fixed, the local linear kernel regression is applied to estimate
the unknown link function. This iterative alternating estimation procedure is repeated until conver-
gence, and the final estimates of the regression coefficients and the link function are thus obtained.
To verify the good validity and performance of the proposed model, itis applied to the research on the
protein content of meat products. The empirical results demonstrate that the model can effectively
characterize the relationship between the predictors and the response variable, with an accuracy of
97.03% achieved by five-fold cross-validation. In comparison with the model with a known link func-
tion and interaction terms (with an accuracy of 94.35%) and the model with a known link function
but without interaction terms (with an accuracy of 90.45%), the proposed model exhibits superior
performance and a higher prediction accuracy.
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Figure 1. Graph of the functional predictor X, (#,)
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Figure 2. Graph of the functional predictor X, (#,)
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Figure 3. Graph of the regression coefficient function S, (tl)
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Figure 4. Graph of the regression coefficient function , (,)
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Figure 5. Plot of the true link function and the estimated link function
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Table 1. Comparison between estimated and true values of scalar predictor
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Figure 7. Near-infrared spectral curves of meat samples
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Figure 8. First-order derivative curves of near-infrared spectra of meat samples
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Table 2. Estimated values of scalar predictors
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Figure 9. Regression coefficient of the functional predictor X1
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Figure 10. Regression coefficient of the functional predictor X2
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Figure 11. Contour plot of the interaction term
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