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Research on real-time delivery duration prediction based on
spatiotemporal behavior feature engineering and multi-model unified
evaluation

YAN Shufan
(Qilu University of Technology, Jinan /Shandong Province, 250353)

Abstract : The improvement of instant delivery fulfilment efficiency relies on the precise
characterization of the duration formation mechanism. However, traditional manual rules and single
statistical models struggle to fully cover the complex impacts of spatial trajectory heterogeneity,
individual differences among riders, and long-tail distribution. Existing research often focuses on
improving model accuracy, yet discussions on the incremental validity of spatiotemporal features, unified
comparison standards across multiple models, and error scenario distribution are relatively lacking.
Based on trajectory data from 31,415 instant delivery orders, this study constructs a spatiotemporal
behavior feature system encompassing three types of Haversine spherical distances. It compares the
predictive performance of 10 regression models under a unified training-testing split and a 5-fold
cross-validation framework. Furthermore, it utilizes the SHAP method to analyze the mechanism of core
influencing factors. The study finds that spatiotemporal behavior features can significantly enhance the
predictive accuracy of the basic model, and their incremental validity consistently exists across different
model paradigms. The tree ensemble model outperforms the linear model and neural network baseline
overall, with random forest achieving the best OOF performance, with an RMSE of 88.07, MAE of 57.10,
and R? of 0.6128. Model errors increase with the duration of delivery, and are more concentrated in
scenarios such as high positioning deviation, cross-regional fulfilment, and peak hours. The distance
from the pickup point to the delivery point, individual differences among riders, time encoding, and the
spatial distance of the entire route are core factors affecting duration prediction. The research indicates
that transforming the delivery business process into interpretable spatiotemporal features, combined
with ensemble learning and the SHAP interpretation framework, can simultaneously achieve both
predictive accuracy and business readability, providing methodological support for refined operations in
instant delivery.

Keywords: instant delivery; delivery duration prediction; spatio-temporal feature engineering;
Haversine distance; random forest
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