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Coupling mechanism of air traffic operation safety risk based on N-K-FRAM
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(1 College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing Jiangsu
211106, China; 2 Key Laboratory of National Air Traffic Control Flight Flow Management
Technology, Nanjing Jiangsu 211106, China)

Abstract: In order to explore the coupled evolution mechanism of air traffic operation safety risk, clarify
the mechanism of coupling and mutation formation in air traffic operation systems based on a combination of
the N-K model and FRAM. Firstly, textual data on unsafe incidents was collected. The risk factors
involved were categorized, and their historical frequency of occurrence and the coupling relationship
between risk factors were obtained. Secondly, the N-K model was used to solve the coupling degree values
between air traffic operational risk factors. Finally, based on the output time and accuracy, the variability
of the FRAM functional module was quantitatively evaluated, analyzing the coupling mechanism of air
traffic operational safety risks, and safety risk analysis was conducted using regional area navigation
(RNAV) approach unsafe events and deviation route unsafe events as examples. The results indicate that
the evaluation method based on improved FRAM can quantitatively calculate the variability between

functional modules in a reasonable and effective manner, weaken the dependence of traditional analysis
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methods on subjective consciousness, and make the analysis results more objective and scientific.

Keywords: air traffic operations;

method (FRAM) ;

unsafe events
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0.417 9 0.000 0 0.000 0 0.582 1 0.000 0 0.000 0 0.000 0 0.000 0
Ph:o,m:o,g:oz PhiOmx:O,g:l = Ph:o,mzl,g:oz Ph:l,m:o,g:oz Ph:o,mzl,gzl = Ph:],m:o,gzl = Ph:l,m:],g:() = Ph:Lm:l,g:l =
0.000 0 0.417 9 0. 000 0 0.298 5 0. 000 0 0.283 6 0.000 0 0.000 0
Ph:O,m:l‘g:O: Ph:O,m:O,g:] = Plzz(),nz:l‘g:O: P/z:l,m:O‘g:OZ Ph:U,m:l,g:I = Ph=],m=0.g=l = Ph:],m=l,g=0 = Ph:l,m:l,g:l =
0.124 7 0.293 2 0. 000 0 0.173 8 0. 000 0 0. 408 3 0.000 0 0.000 0
PhZO,e:O,g:O = PII:O,/:ZO,g:I = Ph:O,z':l.g:O = Pth,e:O,g:O = Ph:O,z':l,g:l = Ph:I,z':O.g:I = Ph:l,«:l,g:oz Ph:l.ezl,gzl =
0.000 0 0.417 9 0.000 0 0.298 5 0.000 0 0.283 6 0.000 0 0.000 0
Pm:(),ﬁ:(),g:(): Pm:(),(‘,:ﬂ,g:] = Pm,:(),w:l,g:(): Pm:l,ﬁ:(),g:(): Pm:ﬂ,e,:l,g:l = Pm,:],ef:(),g:l = Pm:].e:l,g:(): Pm:l,(‘,:],g:] =
0.298 5 0.417 9 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 O
Ph:(u:o,g:o = Ph:(],P:(),g:l = P/x:(),e:],g:[] = Ph:l‘e:l],g:l] = Ph:(),e:],g:] = P/x:l,e:(l,g:] = Ph:l,p:l.g:o: Ph:],e:l,g:l =
0.124 7 0.293 2 0.000 0 0.173 8 0.000 0 0.408 3 0.000 0 0.000 0
Pm:O,EZO,g:(): Pm:0<e:0,g:] = PmZO,e:Lg:O: Pm:l,c:0<g:0= PmZO,e:l,g:l = Pm:],e:OQg:l = Pm:l,e:l,gZO: Pm:Le:],g:] =
0.298 5 0.701 5 0. 000 0 0.000 0 0. 000 0 0. 000 0 0.000 0 0.000 0
F6 FIHRERKEEEMBESHEE
Table 6 Coupled probability of each risk factor in F9
Ph=l,m=0,c=0,g=0: Ph:o,m:l,ezo.gzo = P/LZO.WZO,«ZI,g=0= Ph:o,m:o,ezo,gzl = P/lZ],le,f=0,g=0=
0.287 6 0.146 7 0.2452 0.001 9 0.0753
P/::],m:().e:l,g:(): Ph:l,m:(),e:[],g:] = Ph:[),m:l,p:],g:o: Ph:(),m:l,e:(),g:] = Ph:[),m:‘),P:].g:] =
0.094 6 0.040 5 0.015 4 0.023 2 0.000 0
Ph:an:l,e:l,g:O: Ph:l,m:l,e:U,g:l = Ph:l,m:O,p:Lg:l = Plz:(),m:l‘e:],g:] = Ph:],m:l,e:l,g:l =
0.0154 0.021 2 0.005 8 0.003 9 0.023 3
F7 F9 hEXEE RN TR ZE
Table 7 Risk change probability of each risk factor in F9
P,.,=0.436 3| P,_,=0.5637 |P,_,=0.6756| P,_,=0.3244| P,_,=0.5964 |P,_,=0.4036|P,_,=0.864 8| P,_,=0.1352
Ph:O,m:O: Ph:O,m:] = Ph:],m:OZ Ph:],m:l = P/1=0,e:0: Ph:O,e:l = Ph:],e:OZ Py =
0.247 1 0.189 2 0.428 5 0.1352 0.171 8 0.260 6 0.424 6 0.139 1
Ph:O,g=0= Ph:O,g:l = thl,g:0= thl,g:I = Pm=0,e=0: P,o.i = Pm:l,e:() = Pm:],u:l =
0.407 3 0.029 0 0.472 9 0.090 8 0.3300 0.345 6 0. 266 4 0.058 0
PIH:O,g:O: Pm=ﬂ,g=] = Pm:l,g:(): Pm:l,g:l = Pﬁ:o,g:oz P({:(),g:l = Pw:l,g:OZ Pt‘=l.g=] =
0.627 4 0.048 2 0.252 8 0.071 6 0.509 6 0. 086 8 0.370 6 0.033 0
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P,.,=0.436 3| P,_,=0.5637 |P,_,=0.6756| P,_,=0.3244| P,_,=0.5964 |P,_,=0.4036 P, ,=0.864 8| P,_,=0.1352
P00 | Przom=0,=1= | Pizoom=1,0=0= h=1,m=0,e=0 — Promte=1™ | Prctmm0e=1™ | Prctmmt,e=0= | Prctmete=1 =
0.001 9 0.2452 0.169 9 0.328 1 0.019 3 0.100 4 0.096 5 0.038 7
Ph:O,m:O,g:Oz Ph:o,m:ogzl = Ph:o‘m:l,g:()z Ph:lmzo,g:o: Ph:o,m:Lg:l = Ph:l,m:O,g:] = Ph:l,m:l‘gzoz Ph:lmz:l,g:l =
0.2452 0.001 9 0.162 1 0.3822 0.027 1 0.046 3 0.090 7 0.044 5
Ph:o.g:o,g:o: P/:=O,c=0,g=l = P/.:o,e:l,g:o: Ph:l.«,:o,g:o: P/.:o,ezl,gzl = Plz:l,f:O,g:l = Ph:l,e:],g:(} = P/L=1_<»,:1,g:| =
0.146 7 0.025 1 0.260 6 0.362 9 0.003 9 0.061 7 0.1100 0.029 1
Pnl:0<e:0,g:0 = PmZO,e:O,g:l = Pm:o,czl,gzo = Pm:l,ezo,gzo = PmZO,c:l,g:l = Pm:l,e:(),g:l = Pm:l,e:Lg:O: szlm:],g:] =
0.287 6 0.042 4 0.339 8 0.222 0 0.005 8 0.044 4 0.030 8 0.027 2
®8 RNAV HIEALZLEHPEERIIES XKL E
Table 8 Coupling risk intensity of each functional module in unsafe RNAYV approach events
e
)égz U(H,M) |\U(H,E) \U(H,G) | UM,E) \UM,G) |\ U HM,E) \UCHM,G) |\U(H,E,G) \UM,E,G) |\ UCH,M,E,G)
F1 — — 0.097 6 — — 0.017 1 — 0.297 6 — —
F5 |1 0.0300 — 0. 008 3 — 0.0317 — 0.234 1 — — —
F6 | 0.073 6 — — — 0.1252 — 0.2857 — — —
F8 — 0.018 2 — — 0.027 4 — 0.3359 — — —
FO |10.0303 |0.0887 |0.0174]0.0779 | 0.032 6 0.444 1 0.097 3 0.137 8 0.152 3 0.542 8
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Table 9 Coupling probability of each risk factors in function9) of unsafe deviation from route events

Ph:lJn:O,e:O,g:O: Ph:(),nzzl‘ezo,g:(] = PhZO,mZO,e:l,g:(): Ph:0v1n:0<e:0,g:] = Ph:],m:l,c:O,g:()z

0.1111 0.092 6 0.074 1 0.037 0 0.055 6
Ph:l,m=0,c=l,g=0: P/z:l,m:O,z':U,g:l = Ph:U,m=l,c:l,g:0: P/l:O‘m:l,z:U,g:] = Ph=0,m=0,e=l,g:l =

0.000 0 0.055 6 0.000 0 0. 000 0 0.000 0
Ph:lmz:l,e:l,g:o: Ph:l,m:l,e:U,g:] = Ph:],m:O,P:Lg:l = PhZO,m:Le:],g:] = Ph:],m:l,e:l,g:l =

0.0556 0.166 7 0.129 5 0. 000 0 0.2222
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Table 10 Risk change probability for each risk factors in function® of unsafe deviation from route events

P,.,=0.2037| P,_,=0.796 3 |P,_,=0.4073| P, _,=0.5927 | P, ,=0.5186 |P,_,=0.4814| P,_,=0.389 | P,_,=0.611
Ph:o,m:o: Ph:()‘mrl = Pyoyeo= Pooyper = Ph:(l,e:(): Ph:o,.»,:l = h=1,e=0 — Phrl,e:l =
0.111 1 0.092 6 0.296 2 0.500 1 0.129 6 0.074 1 0. 389 0.407 3
Ph:o,gzo = Ph:(),g:l = Ph:l,g:o: Ph:l,g:l = Poge0= Poge-1= Poi0= P, .=
0. 166 7 0.037 0 0.222 3 0.57 4 0.203 7 0.203 6 0.314 9 0.277 8
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P,,=0.2037 P,_,=0.796 3 |P,_,=0.4073| P, _,=0.5927 | P,_,=0.518 6 |P,_,=0.4814| P,_,=0.389 | P,_,=0.611
Pm:U,g:U = Pm=0,g=l = Pm=],g:0: Pm:],g:] = Pe=0‘g:0: Pe:O‘g:l = Pe=l,g=0: Pc:],g:] =
0.1852 0.2222 0.203 7 0.388 9 0.259 3 0.259 3 0.129 6 0.351 8

Nizon=0,020= | Nizom=0,e=1= | Nizom=1,0=0= | Ni=1,m=0,=0= Nizom=t,e=17 | Nictm=0,21™ | Nictm=t020= | Niztm=1,021=
0.037 0 0.074 1 0.092 6 0. 166 7 0. 000 0 0.129 5 0.222 3 0.277 8

Piom=06=0= | Pizom=0,0=1= | Pizom=14=0= | Pizt,m=0,0=0= Piom=10217 | Pictmm0e=1™ | Prztm=1,4=0= | Priztom=1,4=17
0.074 1 0.037 0 0.092 6 0.1111 0.000 0 0.1851 0.111 2 0.388 9

Ph:(),e:(),g:o: Ph:[],e:(),g:l = Ph:(),e:],g:[]: Ph:l,e:[),g:(]: P}z:(),e:],g:] = Plx:l,e:(],g:] = Ph:l,p:].g:oz Ph:],e:l,g:l =
0.092 6 0.037 0 0.074 1 0. 166 7 0.000 0 0.222 3 0.055 6 0.3517

Pm:(),e:0<g:0= Pm:0<e:0,g:] = Pm:U,e:Lg:()z Pm:l,e:0<g:0= Pm:(),e:l,g:l = Pm:],ezo‘g:l = Pm:l,e:l,g:oz Pm:Le:],g:] =
0.1111 0.092 8 0.074 1 0.148 2 0.129 5 0. 166 7 0.055 6 0.2222
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Table 11 Coupling risk intensity of each functional module in unsafe deviation from route events

I fE
é;’; U(H,M) | UH,E) | UH,G) | UM,G) | UE,G |UMHME) |UHM,G | UHEG |UHME,G)
F@ — — 0.186 5 — — — — — —
F® — — 0.0578 | 0.103 1 — — 0.216 5 — —
F® | 0.0354 — — 0.1252 — — 0.295 8 — —
FO — — — 0.292 7 — — 0.432 3 — —
FIO | 0.0144 | 0.0305 | 0.144 6 — 0.041 0 0.307 5 — 0.245 2 0.552 9
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