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ABSTRACT At present, the flight safety work of civil aviation in China mainly investigates the probable causes of accidents and
analyzes flight data after air accidents, causing numerous problems such as passive safety management and delayed risk control. To
realize the early warning of flight risk during flight, a dynamic method for the evaluation of landing risk and early warning under the
condition of future air—ground data real-time transmission was proposed. The landing stage, which has the most complex operation
program and the highest accident rate during a flight, was taken as the research object, and future air-to-ground high-throughput
interconnection scenarios comprising 5G and satellite networks were considered to solve the problem of advanced intelligent warnings
and aircraft alarms in abnormal flights. First, according to the accident causation theory, the human factor reliability model, the system
model, and other theories or models, a landing warning index system based on multisource real-time operation data and the integration of
historical statistics and expert knowledge was established. Then, a grounding parameter prediction model was established to solve the
problem of lag in the acquisition of four grounding parameters, namely ground pitch angle, ground speed, ground vertical rate, and 50 ft-
ground horizontal flight distance in actual flight. This model classified the pilot’s landing operation mode by clustering ARJ21 historical
landing data and determined the attribute mean value of the four parameters for each type of operation mode. Furthermore, according to
decision field theory, the model discussed the landing mode selection of pilots with different personalities in different scenarios and

calculated the selection probability of the pilot’s landing operation mode, thereby obtaining the predicted values of the four above-
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mentioned indicators. According to the above, aiming at the complexity and uncertainty of the landing risk early warning system, a

reasoning method of the multilayer confidence rule base was proposed. This method improved the traditional reasoning method of the

single-layer confidence rule base and adopted the bottom-up hierarchical reasoning method considering the complexity characteristics of

the landing process, effectively integrating different sources and forms of qualitative or quantitative data. Thus, the dynamic assessment

and reasoning of the landing risk were realized. Finally, using the reasoning-based calculation of the landing process for the “2020.10.16

Panzhihua runway grounding event” and “2010.8.2 Yichun air disaster,” the results verified the effectiveness of the method. It was

found that the early warning time of the Panzhihua event can reach 13 s.

KEY WORDS multisource operation data; landing risk; advanced risk warning; decision field theory; hierarchical belief rule base
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Table 1 Attribute matrix and attribute reference values

Alternative model ~ Grounding pitch angle/(°)

Grounding speed/(m-s™)

Grounding vertical rate/(m-s ") 15 mground horizontal distance /m

A 2.17 67.32

B 1.52 66.26

C 2.02 68.60

D 1.73 67.26

Mean value 1.89 67.45
Standard deviation 0.94 4.06

-031 598.27
~0.43 661.29
~0.43 757.64
-0.36 566.38
~0.43 641.26
028 123.44

#2 H—EEMERRE

Table 2 Normalized attribute matrix

Alternative plan Grounding pitch angle Grounding speed Grounding vertical rate 15 m-ground horizontal distance
A 0.51 1.00 0.00 0.84
B 0.00 0.00 0.95 1.00
C 1.00 0.22 0.12 0.00
D 0.69 0.94 1.00 0.51
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Table 3 Landing mode selection probability under different parameter settings

Parameter settings Py Py Pc Py Mean time/s
T=10s, 5;70.1 0.235 0.237 0.152 0.376 10.00
T=10s, S;=0.9 0.190 0.083 0.015 0.712 9.79
T=30s, S;=0.1 0.251 0.250 0.129 0.370 30.00
=30, 5,~0.9 0.114 0.036 0.001 0.849 16.04
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Fig.6 Preference distribution of the pilot landing operations: (a) 7=10 s, S;=0.1; (b) 7=10 s, S;=0.9; (¢) 7=30s, S;=0.1; (d) 7=30s, S,=0.9
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X34 =—60.22P5 — 85.12Pg — 84.04Pc — 70.00Pp

X35 = 598.27Pa +661.29Pg +757.64P¢ + 566.38Pp
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Fig.7 Landing risk assessment system based on layered BRB
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Table 4 Index reference values

Index Reference values Index Reference values
X L(800 m); M(1600 m); H(5000 m) X9 L(0); M(0.5); H(1)
X, L(60 m); M(300 m); H(600 m) X0 L(3.05m's™"); M(4.07 m's™); H(5.59 m's™")
X N(0); Y(1)
X, L0 m's™); M3.6 m's™); H10 m's™) Yio L(1); M(5); H(10)
Ty N(0); Y(1)
X7 L(Vrer2.5m's ); M(Viep, ms ™) H(V et 10 mrs™) Y, L(1); M(5); H(10)
Xis L(0); M(0.5); H(1) i3 L(1); M(5); H(10)

Notes: Vs means reference landing speed, m's .

5 BRI E IR

Table 5 Landing risk assessment belief rule base

Rule number  Rule base number  Rule weight Premise attribute Evaluation result

1 1 1 XisY) Y is {(L,1)}

2 1 1 (Xyis H) Yy is {(H,1)}

3 1 1 X3isNAX,is MA Ysis MA Xy is MA X7 is M) Yy is {M,1)}

4 1 1 (X3isNAX,is LA Ysis LA Xgis LA X7 is M) Yy is {(L,0.75), (M,0.25)}

5 1 1 (X3isNAX,isMAYsisMAXgis LAX;is L) Yy is {(L,0.5), (M,0.5)}

6 1 1 X3isNAX,isLAYsisLAXgis LAX;is L) Y is {(L,1)}
115 13 1 (X35is L) Y3 is {(L,0.2), (M,0.3), (H,0.5)}
116 13 1 (X35 is H) Yz is {(L,0.2), (M,0.3), (H,0.5)}
117 13 1 (X35 is M A X33 is M A Y34 is M A X;5 is M) Y3 is {(L,0.8), (M,0.2)}
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Table 6 Landing risk index values of B-8667

Time before grounding/s X,/m X,o/m X, X/(ms™) Xy /(%) X3 X3
20 2500 1000 0 3.46 2.8 0.95 0.95

19 2465 1000 0 3.73 3 0.95 0.95

18 2430 1000 0 4.00 3.3 0.95 0.95

3 1310 1000 0 4.28 3.9 0.95 0.95

2 1275 1000 0 4.05 3.6 0.95 0.95

1 1200 1000 0 3.90 3.6 0.95 0.95
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Table 7 Real-time risk assessment value of B-8667

Time before landing/s 20 19 18 3 2 1
Risk value 4.55 4.55 4.56 7.29 8.11 8.84
0 8.84
ol L L L
o 743 713729

g 6l The meteorological
= 0 conditions deteriorated
S |45 456 456455
o4l
o

21 f

Pilot stabilized the control column

0
20 19 1817 16 1514 13 12 11 10 9 8 7 6 5 4 3 2 1

Time before landing/s

Total risk value ——Meteorological condition ——Aircrew opration

B8 B-8667 XU fbifit
Fig.8 Risk changes in B-8667
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Table 8 Landing risk index values of B-3130

Index X X, X;

Value 2800 600 0
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