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Fig. 1 Diagram of nominal approach and landing mission
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Fig. 7 Identification results of hard landing risk
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Table 4 Comparison of prediction performance

among four algorithms

Ak ACC RMSE MAE MSE
GBDT-GS 09185 0.1195 0.4121 0.1635
FfATLARAR 0.886 8 0.1232 0.440 4 0.1824
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Table 5 Recent QAR data of Chengdu-Shenyang segment

HA  x/m  xms) xims) x, xRS
1 15.85 70.28 -0.518 4.60 -0.35 0
2 17.68 70.93 —1.463 422 -1.05 0
3 16.76 69.19 —0.833 4.92 0 0
25 23.16 73.89 —2.946 -1.10 -0.35 3
26 14.93 69.79 —1.488 4.04 0 0
49 16.76 70.74 -1.951 3.03 4.22 1
50 16.46 69.98 -0.523 4.13 0 0
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Hard landing risk prediction of civil aircraft based on GBDT-GS method
WANG Xiangzhang" *, MOU Ruifang', WANG He’, XU Bohao’

(1. School of Transportation and Logistics, Southwest Jiaotong University, Chengdu 610031, China;
2. Flight Department, Sichuan Airlines Co., Ltd., Chengdu 610200, China)

Abstract: Hard landing may cause structural damage of aircraft or other potential accident causes and even
crash and fatal flight accidents. In view of the lack of physical nature analysis in current hard landing risk assessment,
combined with flight status analysis, a hard landing risk prediction model based on gradient boosting decision tree
(GBDT) and grid search (GS) was proposed to effectively implement hard landing risk identification and grade criteria
and improve pilots’ landing operation quality. Firstly, the flight kinematics equation of landing was established
through the force analysis of aircraft, and five flight status parameters closely related to hard landing were determined.
Then, flight status data was extracted from onboard quick access recorder (QAR) data to construct a data set.
According to QAR parameter characteristics, the hard landing risk prediction model was constructed by the GBDT
algorithm, and model parameters were optimized by GS. Finally, taking the Chengdu-Shenyang route operation of an
airline as an example, the study selected 530 pieces of QAR data to train and test the model and compared the result of
the model with those of random forest, recurrent neural networks (RNN), and Logistic multiple regression. The results
show that the GBDT-GS method is better than other algorithms in predicting hard landing risk, and its prediction
accuracy reaches 92%, which verifies the objective validity of the constructed model.
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