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Tab.1 Spatio-temporal features set of express data
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Fig.4 Spatio-temporal features correlation analysis
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Express-related counterfeit cigarette criminality analysis
based on spatio-temporal data features

QIAO Langchao', WANG Jinlu', GAO Baohong', YANG Xingang', FENG Wentao', XU Rongyao’, WEI Yiran’, LIU Wei*

1 Division of Monopoly Administration, Shaanxi Branch of China National Tobacco Corporation, Xi’an 710061, China;
2 School of Computer Science and Technology, Xi’an University of Posts and Telecommunications, Xi’an 710121, China

Abstract: [Background] This study aims to study the express-related counterfeit cigarette criminality based on big data and artificial
intelligence technology. [Methods] In the pre-processing stage, Chinese word segmentation method was adopted to process the original
data. Then a novel concept named “spatio-temporal pattern of delivery and receiving address” was presented, which is actually time series
data established based express package delivery and receiving frequency data within a time span. Spatio-temporal data features can be
computed based on spatio-temporal pattern by using time and frequency domain statistics. Next, a CFS (Correlation-based feature selection)
or PCA (Principal component analysis) algorithm was applied for the initial spatio-temporal feature pool to determine an optimal feature
cluster. Then, the express-related counterfeit cigarette criminality analysis model was trained and optimized and the performance of models
using different classifiers was compared. [Results] (1) All four classifier models including random forest, logistic regression, gradient
boosting decision tree and long short-term memory deep neural network applied in the experiments achieved encouraging experimental
results with satisfactory accuracy, PPV and NPV, which implied the proposed spatio-temporal data features has the ability to discriminate
the cigarette-related from normal express data. Decision tree-based classifier models like random forest and gradient boosting decision tree
classifier yielded the highest accuracy, PPV and NPV, which were all greater than 0.94. (2) Prediction models with optimal feature cluster
determined by CFS (Correlation-based feature selection) or PCA(Principal component analysis) algorithm all exhibited slightly lower
performance than that of initial feature pool. The storage space of optimal feature cluster accounted for only 40 percent of the initial feature
pool. (3) CFS method utilized in the experiments can pick out optimal feature cluster from initial feature pool, which supports the
interpretability for prediction results generated by the model. (4) Preliminary experimental results showed that the proposed prediction
model can meet the real-time requirements of express-related counterfeit cigarette criminality analysis. [Conclusion] Classifiers in
cooperated with the spatio-temporal data features computed based on “the spatio-temporal pattern of delivery and receiving address” can
discriminate counterfeit cigarette-related express packages from normal express packages.

Keywords: express-related counterfeit cigarette criminality; spatio-temporal pattern of package delivery and receiving; time series analysis;
feature selection and reduction; machine learning

*Corresponding author. Email: liuwei@xupt.edu.cn





