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[ Abstract ]

and to further ensure the safety of civil aviation operation, based on the system theory and the gray correlation theory, and combining

In order to investigate the potential causative factors and mechanisms of accidents in the flight transit security system,

with the actual situation of the flight transit security operation process, the safety problems in the system were transformed into the con-
trol and feedback problems, and the safety control and feedback structure was mapped out. Using complex network theory to transform
accident causation and its logical relationship, a directed weighted accident causation network model was constructed, the overall char-
acteristics of the network and the connection of each node from different perspectives were quantitatively analyzed, such as the node de-
gree, the network diameter and the average path length, etc. , and then 16 important accident causation factors affecting the flight tran-
sit security system were selected. Through grey correlation analysis, the influence degree of each cause factor on the accident was
judged, and the key cause factors that need to be prevented and controlled were finally determined. The results show that the personnel
factor dominates the accidents in the flight crossing security system, and its sub-factors, such as speeding, insufficient number of per-
sonnel, error of towing personnel and illegal entry of personnel into the control area, are the key causal factors leading to the accidents.

[ Keywords] systems theory; flight crossing security; system accidents; key causal factors; complex network
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Fig. 1 Flight transit security operation flow
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Fig. 2 Node diagram of flight transit guarantee operation
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Fig. 3 The control structure of flight transit guarantee system
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Table 2 Causal factors of flight transit security system accidents
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Fig. 4 Incident causation network model of the flight transit guarantee system
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Fig. 6 Distribution of intensity of accident-causing nodes with total intensity values greater than 40
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Fig. 9  Statistical distribution of median centrality of causal nodes
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Table 3 Table of key causal factors for accidents in the flight overflight security system
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Table 4 Reference and comparison sequences for accident frequency analysis
FEy ZHFH H, H, H; Hy Hy, Hy, Hyg H,, Fi M, M, M, M, E, Eg Ei
2018 67 13 7 16 19 8 20 7 33 4 11 3 17 31 15 21 27
2019 54 17 15 27 13 3 12 0 26 2 16 0 12 34 19 24 21
2020 73 23 21 31 17 14 29 2 27 0 14 0 20 37 12 18 29
2021 42 9 12 18 8 7 19 4 19 1 1 11 28 6 15 20
2022 38 11 6 14 5 21 1 10 0 5 8 30 10 17 14
*®5 BHERRSEMLERRMXKEARF R 3 Jy =il AEAgAT— T AR Sy Silis 2R

Table 5 Ranking of causal factors in relation to the

frequency of accidents

BONNE O REE || BHER RRE HF
H, 0.854 7 Fip 0.760 14
H, 0.769 13 M, 0.850 9
H; 0.857 6 M, 0.567 16
H, 0.877 3 M, 0.933 2
H,, 0.784 12 M, 0.867 5
Hy, 0.817 11 E, 0.820 10
Hyg 0.595 15 Eq 0.852 8
Hy, 0.870 4 Ej 0.958 1

HER 5 AT, 25 3R 5 Ok AR MR Z 8] 1) 56
ICAR B SR AN ] ), BROOC IR B B K I 5 > 3 A
R R R MRIR T HEF  E, > M, > Hy >
H, >M, . X FRH BT IR ELAY G B f i, k&
VMV R ] B AN 5 36 L N B i R A d i X B 55
R E AR AN 2 o BT LA, BT BE & 3 O B Al
ISEIREL T & 0 0 & A R B0 R Ho At g5 5B
PRI BRI 2R, I S 3 X R ol B 055 1) 3, R O 4%
it RS /) 2k
3.2 ETEHERTEEENRKEXBESHT

FERICGE L, AR L AS HAT B el & A4
YR ER R 28, — L R B SR BUA A0 1 51 97 R 422 il 1
Jiti, AT REAN 21 U™ E UG A R 2 AR SR e
T, SEEFE RO A SRR AR = O R R 2L
WA T RER | Z B B FSUE R . BL, hhE S
SATPELL Sl PR R GE AL S R R R He i
31 F LIS T B BERIHLIZTE R P R A A2 45
PLECS BN AT RGP O, 4 5 7™

FEE G TR bR, AR R4, 1 R oA 2 B
o325 A PR 2R AR OCHR B, 2Rk 6 I

HI% 6 R, 4 DA HOR R™ HE y or i x4
I AT BN B3 3 AR A XN B i R 4R
Y BUOESL T A B FIAIL 55 55 R4 A 45 D 1 i
VGRS & A N R WS S o L E TR |
Jo SRR R A SR HK B AT, 5 B A S B SR R
IAZEIA 2, P, 0N 514 35O it
PRSI R R, e IR 0 R ™ 38 STk 8 R S T
UCRHRJE (4 FUARLAE Wb o, 155 A 08

C

B=g (1)

(1) B R RHRE AR ; €, s R ™ d
HRBE ; C, S ROmiR SR

A E (1) THESRAS 4 R B S5 8Os ™ E
DGR B RN RO OCHR BE 1 LU BT AT HE 7, 45
m3k 7 iR,

®6 FHTEEREPRBERZENXBKEHRF
Table 6 Ranking of the correlation between causal

factors in accident severity

BOAARE  XBE F | BREREER SRE F
H, 0.952 1 Fpy 0.825 7
H, 0.639 13 M, 0.824 8
H; 0.851 M, 0.448 16
H, 0.881 M, 0.793 10
Hy, 0.828 M; 0.815 9
Hy, 0.633 14 E, 0.783 11
Hig 0.612 15 Eq 0.851 4
H,, 0.842 5 Ey 0.678 12
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Table 7 Results of correlation ratios of causal factors

BNNER  REE HF || BIHEER GRE fF
H, 1.114 8 1 H,, 0.967 9 9
Fp 1.085 5 2 E, 0.954 9 10
H,, 1.056 1 3 M; 0.940 0 11
Hyg 1.028 6 4 M, 0.849 9 12
H, 1.004 6 5 H, 0.830 9 13
o 0.998 8 6 M, 0.790 1 14
H; 0.993 0 7 H, 0.774 8 15
M, 0.969 4 8 E 0.707 7 16

HIZR 7 Fpal LAAS Y s A7 R S EUpHE o
REE RS p S BE BN R, e A N
PR R R O A SR,
TS PR IR BV R i v, 25 A PR B IR AR AR R 3 K
O 2SR PN WNIAR S LS T 1 B2 L
B R 45 H AR BRI AN B R A
TR B R 2R P, b AT B S AR
FHCE AT vl R B R G b AT AR IS L), B i
25 B3 1B RE AN 28 4 RO T R UI, SR R A Y
215 [R]85 Ot e B 1D 1) B A R
AR RIA R SR ] 6] 6415 B A BT

4 R

(1) 3T RGHIS YA 2 T A PE L o R B R
SRt S SR VS Q1 S AT e N QR
FEANGRYEHTT R BILTTBE 51 & 1 AU, 43 51 A
BUZR B B2 K B L2 IR EE 2K 4 A7
AT LU 55 MM EESRNE,

(2) B56 2 7 M4 B X STPA T vk 1) 12 i 5%
FAE VLIS T REMENY R A& 59 1y
SR 243 253 1) ARG P A BIE 2ot 3 O e 2R e S e 3
PRI D 25 A R 3 3ot s e B SR T R | )
25 ELARFIOT- 49 B A K B 4 0 2% I 45 A G G 14 A
BRI ARRZRZTR H, C ARBEARE” H, “Hl
5 i RARAE " A H N B R A 4 ) DX AR B0
WESHMREREBERR,

(3) 3 R A8 I 4 AT 1k, e 240 PR 35 8
PR Do 28 3¢ 1 1 1Y) 16 A4 B2 S0 PR R X B 3 £
B 2R S R A S M AL R H R A T I R R S
KA SRR R R A8 I A ST IV S 2 9 B Y
H 7 W o 2 o B, FRURR 0 () T 7 5 DR B 1T ] 1)
{5 B2 TAE G IF I — AL H RN A
A LG B A%, WA B A B W B8 7, LA
ARV -8 Tl RS I 45 v 0 BIE Ao 3 O BV Ml 19 22 4
K
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