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Flight Punctuality Rate Prediction Based on SMOTE Algorithm

Zhang Jiayi'’, Hu Minghua', Huang Fangen’

(1. College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;
2. Air Traffic Management Bureau of CAAC, Beijing 100022, China)

Abstract: To achieve accurate prediction of the flight punctuality rate, a flight regularity prediction index system
was constructed based on data statistics of flight delay reasons, includeing departure airport, destination airport,
flow control information, and route characteristics. It proposes a SMOTE algorithm-based XGBoost classifica-
tion prediction model (SM-XGBoost model) and a SMOTE algorithm-based LightGBM classification prediction
model (SM-LightGBM model). Based on the actual data of major airports in East China, the validity and progres-
siveness of the proposed model are verified. The results showed that the SM-XGBoost model and SM-LightG-
BM model were significantly better than the decision tree and random forest models in terms of prediction accu-
racy and error. In terms of stability of training set and test set, SM-LightGBM model is superior to the SM-XG-
Boost model, with a maximum prediction accuracy of 88.2% for test set. This method provides a new analytical
approach for predicting events in similar complex systems.
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Fig. 1 Flight punctuality prediction flow chart
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Tab.2 Evaluation results of the impact of parameter
adjustment and data balance operation on the prediction

performance of the model

ikl R Accuracy
XGBoost 0.52 66.3%
2 J5 XGBoost 0.60 71.2%
SM-XGBoost 0.78 83.3%
#Z 5 SM-XGBoost 0.82 86.1%
LightGBM 0.55 68.9%
25 LightGBM 0.66 74.5%
SM-LightGBM 0.80 84.8%
2 )5 SM-LightGBM 0.85 88.2%
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NI R AN Iy S Gl 2R SR, B E
SM-XGBoost Hl SM-LightGBM #4 %I 5 i £ %% fix 11
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Tab.3 Optimal combination of key parameters of SM-
XGBoost model and SM-LightGBM model

S8 SM-XGBoost ~ SM-LightGBM
n_estimators 100 120
max_depth 9 8
learning_rate 0.1 0.2
subsample 0.8
colsample bytree 0.9
feature fraction 0.8
num_leaves 64

R VA DA T A AR A P BE L 5T AL SEIL
g o) B e S M) (decision tree, DT) 1 Bl AL 77 K
(random forest, RF) #F 17 %} H 52 46 . & 4%, Al
SMOTE 53 7 % it JF 1F 5 1 T0 000 5 4l 32 47 1 £y ik
B A5 A S DT RF BRI AT 5, A SCf
3£ F SMOTE & 3% 1y DT, RF 5 il 4 %Y 3 1] i 4
SMOTE- DT, SMOTE- RF # # | 4 4~ 5 %I £ R*|
MAE . RMSE . Accuracy 18 f7 [ X b 45 5L 4n 3% 4 fr
7N o SMOTE-DT A5  rfriJI| 25 42 R 8 £ Tt 300 o fff

e
FEAFTER R 225, I SR8 10000 v 32 38 97.2%, T
TR T AE AR AN 79.8% , HIZH4E R4 0.96, 1]
BETEAE L LA 1 )8 . SM-XGBoost #5551 F1 SM-
LightGBM #& #U 7 151 I o4 ff B2 A58 22 B 0 & pc T
SMOTE-DT £ %I il SMOTE-RF #5#  7E 1| 2542 Fi
MR EYE |, SM-LightGBM & AL T SM-XG-
Boost 5 | H SM-LightGBM #4515 18, £ fit 7 )
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Tab.4 Comparison of flight punctuality prediction model evaluation results

wm R MAE RMSE Accuracy
PERS e ERS A UESS A plERS A
SMOTE-DT 0.96 0.78 0.04 0.25 0.06 0.40 97.2% 79.8%
SMOTE-RF 0.95 0.80 0.10 0.16 0.12 0.38 95.4% 81.3%
SM-XGBoost 0.95 0.82 0.09 0.14 0.09 0.22 94.2% 86.1%
SM-LightGBM 0.92 0.85 0.07 0.18 0.14 0.24 92.8% 88.2%
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Fig.4 Ranking of flight punctuality feature importance
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Fig.5 Prediction results of flight punctuality rate
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