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Air Traffic Management Hazard Data Classification Based on
Stacking Ensemble Learning

WANG Jie-ning'”, YAN Si-qing'”*, SUN He'”
(1. College of Air Traffic Management, Civil Aviation University of China, Tianjin 300300, China;
2. Tianjin Key Laboratory of Air Traffic Management Operation Planning and Safety Technology, Tianjin 300300, China)

[ Abstract] Modern air traffic management systems necessitate efficient and accurate identification and classification of hazard-related
text data to ensure flight safety. Air traffic control hazard data encompasses information on potential factors, conditions, or events that
may adversely impact aviation safety. Existing text classification methods face challenges due to the diversity of data categories and
imbalances within classes. An enhanced ensemble model based on the Stacking framework, incorporating a dual-weighting mechanism
was proposed for improved performance. A dual-protection strategy was implemented to categorize hazards and safety risks
systematically. The methodology employed the term frequency-inverse document frequency ( TF-IDF' ) algorithm to extract and vectorize
features from preprocessed hazard texts. To address class imbalance, the synthetic minority over-sampling technique (SMOTE) and
adaptive synthetic sampling approach ( ADASYN) algorithms were utilized to generate synthetic samples for minority classes. The
Stacking ensemble model was refined by dynamically weighting the F| scores derived from cross-validation of base learners and integrating
a sensitivity assessment mechanism across the ensemble. Experimental results on the constructed dataset demonstrate that the ADASYN-
enhanced ensemble model achieves notable improvements in precision, recall, and F| scores by 0.9% , 1. 1% , and 1. 0% , respectively,
effectively mitigating overfitting in majority classes. The proposed algorithm significantly enhances the classification performance of
imbalanced hazard text categories, contributing to the advancement of safety risk management in air traffic control.

[ Keywords ] dual-protection mechanism; air traffic hazards; text classification; adaptive synthetic sampling approach( ADASYN) ;

Stacking ensemble model
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Table 3 Hyperparameter settings for the ensemble model

il B JATSE A
RF PRI np. linspace(10, 500, 20) 253
PSR e KRR range(3,20,1) 16
(AT ( “linear’ , “pole” , “rbf’ )  rbf
SVM ) y
FSHES range(0.1,2.0,0.3) 1.1887
IR np. linspace (10, 300, 20) 258
PERW R RIRE  np. linspace(1, 10, 10) 7
XGBoost TTHRAEIR R EL  np. linspace(e ™3, 0.3,10) 0.081 6
FAREA ] np. linspace(0.6, 1.0, 5) 0.767 8
naEs (L,Ly) L,
YLRB 5% range( 10, 80, 5) 65
) BHERRERILL]  np. linspace (0.5, 0.9, 5) 0.860 7
LightGBM o
PR I KR range(3, 10, 1) 111
TURARI RS np. linspace(e 3, 0.3,10) 0. 058 1

¥ irange(a,b,c) FoRTHEN a TFIE T b G530, ¢ FoRBFUBE
BRI [ BE 5 np. linspace(a,b,c) FR=E—4H a ~ b EEED, X
B ERI R ¢;np. logspace(a,b,¢) T E—41l 10 19 a IKJT
F 10 B9 b R IS804 AR e
4.4.2  Stacking % mALA 8 Bk A

ARSI FEM I N A S B 1Y RF

SVM XGBoost il LightGBM 4 MR 17 il &, 3100
ZERG RE AL IR AL R A T A I 0RO . %
KA SIAETE 4 A2z 2] A B — YN ZRRCR , O
FEBR I BB R A SR RE I 45 5, 45 SR 3k 4
o M FHASTR] B VR G% 2 2] 2548 i H R 1) Stacking 4
B ARIMERE 22 BE K, PR3 4 BB AL R e B
th—FPES Stacking HEAESLSE — )2 IR 95 )
i, AR 3 FVE RS — 2 32 2] 35 TS R
Syt N RVE BRI HERR S A SR F AR TRl
SKH 5 Y5 SR UE | e 288, WU PP 46 B
PP R oy A5 R EE N3k 5 s, e
Refii i AT F, 53505 8 2= I I A e
BN F B R TR R aniEl 7 s

R4 B-FIRSEEEXLL

Table 4 Comparison of classification models of single

learners
2 ] 3% UitGiES A 0] QeSS
RF 0.810 6 0.816 3 0.813 4
SVM 0.774 5 0.734 2 0.753 8
XGBoost 0.829 1 0.827 2 0.826 3
LightGBM 0.846 3 0.8470 0.843 4
x5 EHREBIS R

Table 5 Comparison of classification performance of

ensemble models

W48 LLES (RACES Fyor R
RF 0.830 4 0.826 5 0.828 4
SVM 0.817 3 0.802 5 0.809 8
XGBoost 0.842 7 0.841 6 0.842 4
LightGBM 0. 860 7 0.857 1 0.858 9
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Table 6 Classification performance of each model

Eistay K%/ % B R/ % F\ 0380 %
R SMOTE + ADASYN + SMOTE + ADASY + SMOTE + ADASYN +
ALY SM ISM SM ISM SM ISM

ISM ISM ISM ISM ISM ISM
a, 88.3  90.2 88.9 95.2 75.8  85.4 87.0 86.9 81.6  87.7 87.9 90.9
a, 74.2  82.7 94. 1 83.5 73.0  83.7 86.9 91.0 73.6  83.2 90. 4 87.1
a3 80.0  86.8 96. 7 98.0 76.4  83.1 94. 4 92.7 78.2  84.9 95.5 95.3
b, 79.3  85.2 9.5 93.1 82.7  86.3 86.2 85.7 80.9  85.7 89.2 89.2
b, 74. 1 85. 1 86.3 84.6 72.2  82.9 84.8 82.6 73.1 83.9 85.5 83.6
by 77.6  83.1 84.6 91.7 83.0  86.9 89. 1 93.5 80.2  85.0 86. 8 92.6
¢ 85.5  87.4 92.0 91.7 79.3  82.9 89.7 86.9 82.3  85.1 90. 8 89.2
I 77.8  81.5 90.9 92.3 75.8  80.5 89.3 92.3 76.8  81.0 90. 1 9.3
¢ 72.3  80.7 82.2 80.9 77.6  82.0 80.9 85.3 74.9  81.3 81.5 83.0
cy 66.7  81.4 85.1 87.5 75.0  79.2 86.9 92.3 70.6  80.3 86.0 89.8
cs 72.8  84.2 94.7 93.8 90.2  90.7 94.8 95.1 80.6  87.3 94.8 94.4
¢ 73.1 80.6 91.6 93.2 87.0  82.9 92.7 90.3 79.4  81.7 92.1 91.7
d, 86.4  90.4 94.2 95.6 75.3  80.8 92.7 90. 8 80.5  85.3 93.4 93.1
dy 80. 1 87.6 85. 4 86.9 75.7  86.3 85.5 87.7 77.8  86.9 85. 4 87.3
dy 71.9  75.5 84.7 86. 1 80.4  80.6 87.3 89.2 75.9  78.0 85.9 87.6
e 77.3  86.6 83.5 85. 4 76.7  82.6 80. 4 83.9 77.0  84.6 81.9 84.6
e 72.0  87.0 86.2 90. 6 78.1 88. 4 87.7 89.5 74.9  87.7 86.7 90. 0
¥ 77.0  84.5 89. 1 90.0 78.5  83.8 88. 1 89.2 77.5  84.1 88.5 89.5
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