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[Abstract]

This study proposes a prediction method for estimating the arrival time at a destination stop when a
passenger boards at any stop on the route. The data used in this work are DTG records collected every
second, and we transformed these records into arrival times and travel times for each stop through
preprocessing steps such as stop matching, order correction, and outlier removal. The proposed model is
based on a Transformer Encoder and receives the arrival time, weather information, and location of the
single stop where the passenger boards. The model predicts the travel time for each section between
stops and computes the ETA to the destination by accumulating these predicted times. With this design,
the model achieved superior prediction accuracy on routes with longer stop sequences compared to
Curriculum learning based LSTM Model, while reducing training time by more than 50%. Experiments

confirmed that destination arrival time can be accurately predicted using information from a single stop.
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II. Preliminaries
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III. The Proposed Scheme

Table 1. Example of input features for a bus stop

Category Feature Example Value
Relative Humidity 78.1 %
Climatic Temperature 254 °C
Wind direction 93 °
Wind speed 0.8 m/s
Departure time 52:2302_06_01
Temporal Weekend/Holiday False
Day of week Monday
Prev stop distance 87 m
Next stop distance 697 m
Spatial -
Latitude 36.79431
Longitude 127.10368
Stop ID 288002022
Other Bus number 1445
Last stop(1 if true) 1
1. Dataset

1.1 Selection of Bus Routes
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Fig. 1. Data Preprocessing Framework
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Fig. 2. Training and Inference process of the
proposed model
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Table 2. Model Hyperparameters

Category Environment
dmodel 128
d// 128
Attention head 8
Encoder Layer 2
dropout 0.1
Learning rate 10x 104
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Table 3. Experiment Environment
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Table 4. Average MAE of Different LSTM Models

Route No Model MAE
Residual 0.72
1 C-Stacked 0.70
C-Residual 0.41
Residual 0.59
13 C-Stacked 0.62
C-Residual 0.37
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Table 5. Overall performance comparison of ETA prediction models

Route No Model RMSE MSE MAE Time
C-LST™M 0.71 0.50 0.41 210.21
1 C-Transformer Encoder 0.69 0.48 0.41 263.46
Transformer Encoder 0.69 0.48 0.40 98.32
C-LST™M 0.56 0.31 0.37 34.79
13 C-Transformer Encoder 0.55 0.31 0.37 47.42
Transformer Encoder 0.55 0.30 0.37 32.66
Table 6. Statistical comparison of MAE for Route 1
Model A Model B Mean difference p Hedges'¢g
Transformer C-LSTM -0.0067 <0.01 -0.140
Encoder
Transformer C-Transformer -0.0137 <001 -0.333
Encoder Encoder
C-LSTM C-Transformer -0.0070 <0.01 -0.188
Encoder
Table 7. Statistical comparison of MAE for Route 13
Model A Model B Mean difference p Hedges'g
Transformer C-LSTM -0.0002 0.920 -0.003
Encoder
Transformer C-Transformer -0.0137 <001 -0.120
Encoder Encoder
C-LSTM C-Transformer -0.0070 0.306 -0.032
Encoder
0] 1 o|23 o|Fof&= 579 AFAO] HOJS o &5t: ormer Encoder= 263.46&2 2 AL QT ¥HH, Transfo
E ™XRA 0 F A=) rmer Encoder= 98.32%22 % Ldlof H|5 IA ==

3.1.4 Results and Discussion
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Table 8. Results of cumulative ETA prediction

Distance | Median case | Mean o

(K-N) | MAE(s) | MAE(s) | OR(S) | 95% CI(s)
10 51.75 56.44 23.84 | [55.70, 57.19]
15 65.76 73.72 36.54 | [72.58, 74.91]
20 78.70 91.68 53.48 | [90.02, 93.44]
25 89.72 108.79 75.54 | [106.59, 111.05]
30 101.83 124.74 94.39 | [122.15, 127.51]
35 115.02 140.71 | 111.02 | [137.77, 143.79]

3.2 Evaluation of Cumulative ETA Prediction
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