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As the ultimate safeguard for passenger ships responding to major accidents, the maritime emergency evacuation
typically faces severe challenges, including organizational complexity and rapidly changing situations. Predicting
evacuation times under various scenarios provides a critical foundation for developing scientific emergency response
plans and improving evacuation efficiency. To identify an optimal model for rapidly and accurately predicting human
evacuation time, this study proposes a Knowledge-Driven Predictive Modeling Framework (KDPMF). First, a simulation
model of the emergency evacuation process was constructed by integrating 4 objectives and 5 influencing factors specific
to maritime evacuation scenarios. Second, the Association Rule Fusion (ARF) method is applied to merge highly correlated
influencing factors into composite interactive features. Third, a forward feature selection algorithm is employed to rank
both the interactive features and individual factors. Finally, the dataset is sequentially fed into a hyperparameter-
optimized machine learning models following the feature selection order to predict evacuation time outcomes. The
results demonstrate that the hyperparameter-optimized XGBoost model is confirmed to be the most stable and effective
predictive model, achieving the highest coefficient of determination (R?) value of 0.94. This study provides effective tools
and valuable references for predicting evacuation times and developing efficient emergency evacuation strategies.
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