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Abstract

With the expansion of the online wine consumption market, traditional manual category identifica-
tion can no longer meet the large-scale quality control demands of e-commerce. Most existing studies
on intelligent wine classification focus on the optimization of laboratory algorithms, which are dis-
connected from actual e-commerce scenarios, making it difficult to implement technical achieve-
ments. Centering on solving the pain points of wine e-commerce and taking rapid verification, low-
cost detection and lightweight deployment as constraints, this paper conducts research on the con-
struction of intelligent classification models and scenario-based application. Adopting the standard
UCI wine dataset, this study determines flavonoids, alcohol content and hue as the core classifica-
tion indicators through two-dimensional screening to simplify the detection dimensions. A light-
weight hybrid model is constructed based on random forest and decision tree. Hyperparameters are
optimized by combining grid search with 5-fold cross-validation to balance model accuracy and effi-
ciency. The experimental results show that the classification accuracy of the model reaches 90.74%.
It can be deployed on ordinary devices, effectively reducing the costs and technical thresholds for
small and medium-sized merchants, and is conducive to forming a reusable research framework. The
research findings provide an efficient and intelligent quality control scheme for wine e-commerce,
promote its lightweight and intelligent transformation, and offer a reference for the scenario-based
transformation of algorithms in food e-commerce. It is of great significance to the intelligent devel-
opment of the food industry.
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Table 1. Basic information of the dataset

* 1 BWEELKER

# Column Non-Null Count Dtype
0 alcohol 178 non-null float64
1 malic_acid 178 non-null float64
2 ash 178 non-null float64
3 alcalinity_of _ash 178 non-null float64
4 magnesium 178 non-null float64
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5 total_phenols 178 non-null float64
6 flavanoids 178 non-null float64
7 nonflavanoid_phenols 178 non-null float64
8 proanthocyanins 178 non-null float64
9 color_intensity 178 non-null float64
10 hue 178 non-null float64
11 0d280/0d315_of diluted_wines 178 non-null float64
12 proline 178 non-null float64
13 T RA 6 178 non-null int32
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Figure 1. Feature correlation heatmap
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Figure 2. Ranking of important features
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Table 2. Classification report results

R 2 DEREER

precision recall F1-score support
class_0 0.94 0.89 0.91 18
class_1 0.90 0.86 0.88 21
class_2 0.88 1.00 0.94 15
accuracy 0.91 54
macro avg 0.91 0.92 0.91 54
weighted avg 0.91 0.91 0.91 54
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Table 3. Quantitative comparison of lightweight performance among different models
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R THER 2 (%) BRI G (MB)  BAUEEERT R (ms)  CPU “F¥5 41 (%)
BRI 90.74 0.18 3.26 12%
SVM 87.32 0.42 7.11 24%
AN A SR I 2% 88.15 2.76 18.54 47%
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Figure 3. Classification decision tree
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