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Motivation 
1. Traditional time-series methods do not consider the impact of non-stationary series on 

prediction accuracy. Furthermore, although the EMD method can reduce the non-
stationarity of time series, it still has the problems of end effects and modal confounding.  

2. When using neural networks for passenger hotspot prediction, researchers employed 
the self-attention mechanism to focus on the correlation of the data without considering 
the spatial correlation between the map road network and passenger hotspots.  

3. Although GRU can solve the problems of gradient disappearance and gradient 
explosion in RNN, the information-dependent GRU method ignores the information 
context in the road network, with high complexity and a long prediction time. In addition, 
few researchers used the EEMD method combined with neural network models for 
passenger hotspot prediction.  
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Method 

The prediction framework based on a distributed EEMDN-SABiGRU model includes data 
preprocessing, model construction, and model implementation as shown in Fig. 1. 
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Method 

The process of data preprocessing is illustrated in Fig. 2.The 
sorted data are mapped or matched into these latitude and 
longitude ranges using the sorted data, and the latitude and 
longitude of the sorted data gridded as 10×10 are illustrated 
in Fig. 3. 
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Method 

The process of building the spatial mechanism module is plotted in Fig. 5. 
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Method 
Step 1: data decomposition. The EEMD 
algorithm decomposes the 15-min interval 
passenger hotspot data in the grid to obtain 
a finite number of IMFs and a Res 
sequence. 
Step 2: data normalization. Normalize the 
IMF and Res, and map them to a range of 
[0, 1]. 
Step 3: model prediction. The normalized 
IMF and Res are inputted into the BiGRU 
model with spatial attention for prediction. 
Step 4: result superposition. The prediction 
values are denormalized, and the values 
are summed to obtain the final prediction 
results. 
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Major results 
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Conclusions 
1. An EEMDN method is proposed to reduce the influence of non-stationary 

time series on the prediction performance and to solve the IMF confusion 
problem of the EMD. 

2. A spatial attention mechanism is constructed to capture spatial correlation, 
extract the number of passengers getting on and off in the grid, form the 
grid’s spatial weights, and improve the performance of passenger hotspot 
prediction. 

3. A BiGRU model is incorporated to deal with the problem that GRU can 
obtain only forward contextual information but ignores backward contextual 
information, which improves the accuracy of feature extraction. 
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