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Abstract

Air traffic control is very important to ensure flight safety. Scientific air traffic control safety risk
assessment can effectively improve the ability of safety risk management, which is a necessary
prerequisite to ensure the safe development of aviation. On the basis of ERCS evaluation system
proposed by EUROCONTROL, the fuzzy comprehensive evaluation method is used to optimize the
evaluation process of its severity, and the CRCS safety risk assessment model is established.
Through the examples of air traffic control safety reports in recent years, the evaluation results of
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the risk of control operation are analyzed. It is found that the incidents caused by air traffic con-
trol and the air traffic control unit have higher scores and more dangerous incidents, accounting
for about 90% of all the dangerous incidents in the samples. It is believed that the air traffic con-
trol reason is the main factor affecting the operation safety, and then the air traffic control unit it-
self also has a big hidden danger. CRCS takes subjective and objective factors into consideration
and balances the serious polarization of the original data. According to the results of safety risk
assessment, the safety risk situation of air traffic control department can be effectively monitored
and scientific analysis basis can be provided for its prevention countermeasures.
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FEA RS AR IR EL 8]

2 A RS VAL AR DL A BRI X B, R S B BRI AR 70 “ AHLIAE” DA 5 T
MTRESTAH RPN F AR, VOB BEANMRER IR, W™ 38 DA UK B 55 77 T 44> 22 4 FAF ) 22 4 XU
SEIATIT VPR AT DS RS ) R EUR FH M S MR R 2 M BRI R, £ T
PERRAFAE I SE I o (B AT AE R BESS FE S ORI L CE FELASG AR AL I A5, 1P 22 S TR L
DT HAEAE R SR EHX0SIE, ASCRAIZE TR E) CRCS TSRS | — B 2 e MR PFfl A &

DOI: 10.12677/0jtt.2023.124040 365 AZIEEA


https://doi.org/10.12677/ojtt.2023.124040
http://creativecommons.org/licenses/by/4.0/
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CRCS (China Risk Classification Scheme)PF-fli## % /&% T X%} ERCS (European Risk Classification Scheme)
[9TEAT e fy 22 4= B VP Ak 77725 o ERCS 2 R4S REASON 57 (1 J5 21, RT3 K 4 PO VP Ay 12 1 o
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Figure 1. The flowchart of CRCS
[ 1. CRCS #T 9y iR 2

2.1. AEEHTEREE

ERCS Firfd 0™ A ) B bmve, e 1 Brom. ERCS BRIMEEZr 2%, T2, A& TREN S
BATHR . WO FH A IRAT AT RSO AT AL, K AR Pl f ™ B S A S (S) /U3,
2 e BRAREFARR, SEF4RATER, HE ST 58 S 80N R ™ B R A . I
RHEMANAFHE N 10-7.5/7.5-5/5-2.5/2.5-00 L FBATH 4305, TEARYE A Fi A i S0 f ™ s 45 1
PG, ARAEEIGTEAH AT 73 X IA] Y 45 4 40

Table 1. Classification of the potentially consequences of events by ERCS
# 1.ERCS it EH T EERFR TS

HASR A E I M S X
BRI SATRERAHE S CWHURMIRG, 0 ATRESET ASL 1 ABET: 2~19 AZET: 20~100 AFET: #Eid 100 AFET:

Table 2. Classification of the potentially most serious consequences of accidents by CRCS

2. CRCS Mt R EFHERFR T

HHEER 5 ) K RAT A ATEHIR — AT E R TR % f6 =
Sg R BETZ40 AL B ETI39 AKHELIR == 10 HHME FEA R B f6 55

DA BRSO IR, 3T 20 08l 5 Hh DL AR 4 SR AR A 7™ EE A O o RS SR T ) d ™ R
VENGRE ™ B B AR, JFIMAZ WA R, RS A B AR 3R S BUN TAE ZH (W) R
WERE PN M5, KISR0 HAR AT 70 AT & SEPrt oL, $Rm3T 2 AndEfaE Tk
B A R 5 B W A B A (R AN oA 7™ B P el &5 SR S O s, e AR SE N 2%, e S A
S H.

WRiE (RS 2R RS TMAEGUT)) [10], K& 3 R R A i -

Table 3. Work errors caused by human factors
# 3. ANAERSHIIEEE
Cipcy:o] B FEEK) yiEn 54 4] RAEVEH
EtEfE  JLTRAERW TAERBEEIERERARE R  ERCEER SRR G

IR 22 PR B &5 SR B B 0 B84 A/B/C/D/E IANEGATRI2r, 2RISR, 10-8/8-6/6-4/
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4-2/2-0, NS R FHM4LEE T EREEER.
2.2. HEEHRRE

Ft{} bt b (Barrier), W15 4 iR, 25T REASON BEASTRE, SR AL R . BB AETER H 1
R B IR F AR B R AR LR e, R T R S R A A R Oe T SRR . #BLBR Rk
ARRFAEXT ML AR, 8 T DR Al 57 A2 75 ol 5 F TH SR R AL, W0 5 B, [N 5 B S0
BRSNS &, TR b S Fa 4

Table 4. Barrier
F 4. EHRFERE

Gy PR E &/
a WL, BRAEERL VRN B AR MAIE . BAESCRE . TR R S BRI EREI R 5
AR EAERAT T AU NI B e
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) VML TR WORL. ALAEAT . TR AR .
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LIRS DRAR 3 $5R F A6 G A L = S A 24T 3
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Table 5. Barrier weight
5. FRERE

FRisAUEZ A1 FriEAUE

0 ThERRRIAx, AIREARE T ™ B UG R 0
1~2 1
3~4
5~6
7~8
9~10
11~12
13~14
15~16
17~18

O 0 9 N W kW N
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R B 58 B SR 7 TEORE JRE A N 2 1) B B AL AR 45 5 19 B AR U 20 28, S IR 4™ B R L
PRAE, WhE AR . TR T SR KU PG 2 Kb, SRR RIRIR 2 %, Bk 6 R

Table 6. The safety risk score matrix

= 6. NIEEERE

CRCS 733
il 100 1000
CRCS 73 B4 B3
il 500
CRCS 4341 C3 C2
il 100 1000
CRCS 7341 D2 DI
1l 1000 10,000
CRCS 73
EVLE
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FHIBOIECR = MR BRI BORIE. TRECRBRIESE(11]. BT = AR Ece b L, FLR
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Figure 2. Membership function curve of triangular fuzzy number
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3.2. AR
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C'=(4'nB")o[(4nB)>C] (1)
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[ (X) A g ()] 3)
HBOR X RAEME N R= AB*C , JEFERITHHEA A
ZICVAINAE )
U] B 2 SN
o =(4'NB)o[(4nB)—>C]
=[40(4—>C)]n[Bo(B—>C)] ®
HR R L R B -
e (2) = e () AL () m e (=) v st (9) A 11y () 2 e (2) ]
:\X/{“A’ () A () A bt (z)m\y/{uB,(y)/\yB ()f A~ tae (2) ©)

= (aA /\,uc(z))m(aB A U (z))
=(a,nay) A p(2)
2N A B HEEL RN & SN, IR A XE 4 B X BTISRIBE oy ap, FFHEILF/NT
—A, VR AT SR B B, P DA O R HEE R ) R S AR SR R R, AR RIS ¢ MUK
SEWT
WITEFN AR A P 5™ FE 45 AR TN S 00 BLHERE HY e 27 AR L SR B VR B0 AN
ETER: FEWIAERIN B Al b, 25 R B PR 200 TS0 v o ™ = 45 SR 52, A& TER,
RPZE AR N 9 R 2 T S S de ™ L 45 RO AR IR ), FEARSE RN AR EIIER T, #7458 W
EHNWS, IR AL RRE T N EAC— N ER, RAC R BRICERN A REAZEW, k2, E0%
JNRAEZER T, BAERR g —NER, FEACRE SRR . HAR AR
5% ZR AT AR HHE R R A
B L FNBEE BORINE 3 BT

3.3. RRMILTS

2 3 3P J5E B ORISR L U P32 35045t PR 8 SRS AR B, (E BRAT WA JC T MR R B SRt o 42 1 2K
Ko BPATEER], BUELROH WU SO R R, RO L. HRBOMIL STl T AR SR & 2 RS A 4R
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Figure 3. Inference rules of triangular fuzzy numbers

3. Z AR HEE AL

T RIS 5 TR AR A [12] HE 0 AR R SR S R K0 £ 5 A AR Ao L R T AR ) EE 00 i
PORIAE . B e RS A B T 25

uz,uA(u)du

y=£ﬁr—— @)
J.MZdu

y——HEEE R AP R n R SRR RN R

K ARBTRIL S IR, IR 2.1 shif e i)™ AR EAT 40 2

4. KBS HR

AR LA A A BRI E 2t ERCS 19 CRCS P BAL I AT AT Ve S5 2001k o FEACEHE 32 Bk IE T
o [ R 22 4 W SR A R 2 g, REAR IR AR EE A G 2017~2021 454 [ A 11 R 2 42 5
PR, BREE, ERRA, RAMNXEEZEG R R TRER G, & 120 FE4
Xof A 0 T T BE R AL B B B DL A R R S B CAE 2R R, F T R IB AT
T vEH, FERABMZREIEN A I AH BRI R G T H L . [RINARYE FAR R AT i, 13 & s %
PRI (A0S L B DL SR, 25 6 4 T B R ARAS H AT I e e R F A, sdad AR HOR AN, FTBAR
AN H AR I R R
4.1. ZERREIEMN

e o 2 IR S BCE R A R R RT3, BN TR, U LIRSS, P,
Mo ORBE 22, RAMIUBEER, B, B SHLSSBR DA T AT 3. RS R ERE &5
LR HA R EAR B AT IR AR A . DUNEHCE IR 5 AL 120 SRR T, HA AR
NILK LM N (i=1,2,3,---,9) i FRFHEREY, sk 7 fin:

Table 7. The type of accidents and severity
#®7. BHARBRTER

ANARZR BB TIEES BRI mEE
kYUY 5 K, L, M, N, I K, L, M, N,
T 4 7 6 6 2 8 8 5 3 5

DOI: 10.12677/0jtt.2023.124040 370 ESLES TN


https://doi.org/10.12677/ojtt.2023.124040

IR

Continued
4 J2 K, L, M, N, J; K, L, M, N;
TWATHLA 8 8 6 6 8 8 8 6 6 8
FiH AE] K; L; M; N; 5 K; L; M; N;
Hfh 5 5 5 5 5 7 7 9 9 8
FH 14 K4 L, M, Ny Iy K4 Ly M, N,
Fat 5 5 4 5 5 8 8 6 7 8
4 Js Ks Ls M; N; Js Ks Ls M;s Ns
M TH] R R 4 3 4 2 3 2 2 2 2 4
FH s Ks L Mg Ns Js Ks L¢ Mg N6
LB 10 9 8 10 5 8 8 8 8 6
FH 17 K L, M; Ny I K L, M; Ny
5% 6 6 4 8 8 4 4 2 8 8
it Js K Lg Mg Ng Jg Ks Lg Mg Ng
B3 3 9 9 4 9 2 10 10 2 10
FiH Jo Ky Lo M, Ny I Ky Lo My Ny
=il 10 8 6 6 7 2 10 2 8 6
FIF BRI B LR & R AT, Wk 8 fvs:
Table 8. Comprehensive severity
8. FETEE
GETER
2t I K, L, M, N,
i1 7.609856 7.594421 5 3.165323 4.414894
SearERESESR B B C D C
= 2 K, L, M, N,
TRATHLA 7.609856 7.609856 6.040268 6.040268 7.609856
SAETERESSR B B B B B
=24 I3 K, L, M; N;
HoAh 6.914894 6.914894 8.03328 8.03328 7.594421
SaTEREER B B A A B
B2 I K4 Ly M, Ny
Fat 7.594421 7.594421 6.040268 6.914894 7.594421
SATERESR B B B B B
2t Js K Ls M; N;
T AR 2.390144 2.405579 2.390144 2.405579 3.959732
SermERESESR D D D D D
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ks Js Ks Ls M, Ne
U 9.320955 8.03328 7.594421 9.320955 6.040268
SETERESS A A B A B
= J7 K, Ly M; N;
g% 4.68578 4.68578 2.082244 7.210846 7.210846
SETEEESR C C D B B
4 Js Ky Lg Mg Ng
W% 2.082244 8.454325 8.454325 2.082244 8.454325
SETERESS D A A D A
i T K, Lo M, No
=g 3.708333 8.583246 2.082244 7.73416 6.040268
SETEEESR D A D B B
3 A R L P P B R SR T S PR AR A A, W 9 R
Table 9. Security risk level
#9. RENKEFR
ZENRER
= J) K, L, M, N,
=g B7 B4 C6 D7 C5
B4 ) K, L, M, N;
KATHLA BS BS B7 B7 B8
=24 J3 K; Ls M; N;
HAth B7 B7 A9 A8 B9
= 14 K, L, M, N,
K5, BS B8 B6 B7 B8
B4 Is Ks Ls M;s Ns
H TR PR R D6 D8 D7 D7 D8
=24 Js K Le M, N
Ik A5 A5 B6 A6 B4
= 17 K, L, M; N,
Ki% A7 A7 B5 A7 B7
B4 s Ks Lg Mg Ns
Bl D6 A6 A8 D5 A6
=24 Jo Ko Lo M, No
g D8 A6 D8 B8 B5
RIEE 6 13 FAM 22 485, W5 10 P
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Table 10. Safety risk index

= 10. ZENEIEH

TN KR
Bt Ji K, L, M, N,
=E 0.05 50 0.1 0.001 1
Fi A5} K, L, M, N,
WATHIA 0.005 5 0.05 0.05 0.005
=t 15 K, L, M; N;
Hih 0.05 0.05 0.05 0.001 0.005
=t 14 K, L, M, N,
RE, 0.005 0.005 0.5 0.05 0.005
FH Js Ks Ls M; Ns
HhTE R I 0.01 0.0001 0.001 0.001 0.0001
it Js K Lg M, Ng
ik 4 1 1 0.001 0.001 0.1
=t J; K, L, M, N,
#i% 0.01 0.01 0.1 0.05 0.05
FiH Js Ky Lg Mg N
% 0.01 1 0.01 0.1 1
Bt Jo K, Lo My Ny
B 0.0001 1 0.0001 0.05 0.05
4.2. MFELSHR

R ATRER, Wl 4 Pos, 5 REBUBDRI B0 KUS TP 14 R AT 0L R OB 45 5, nlAl 5
Fizs, BEATXEG, AP AR A

A AR LR

—o—AEL
—o—RATHLA
12 i
—O—FE2
b T £
10t Bk, isses)
[
% 8
oy
4 6f
&K
At
2 L
5 10 15 20 25
HEFH

Figure 4. Single input control group
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FEFE

Figure S. The severity of the combined judgment
E 5. REFIHTERE

ST NELT AL, — BRI aFl, RS, EAKT 7.5, BIHUHHEE
ARG, — BB KRR P S BN RS S R o 7 9 A RV 20 3 T (1 2 A2 T B AR

B AR S5 B A A B SRR T, A NS T R S RIS AR . B4 5 T RATHLZEL AR
SR, DLIRRAR 22 4 AR S5 2

RARER: RAESREEEN T 24 WS JU MR, (EH BRI Ja XS 5 #R REAS
BIH MG, HEARLT 7~8 208, BWHIRTBERMNN R EEO M, RAOBEFIFARIE
il 2 e AT S8 % A S 48 Ko

U S 38 R EREE 558 1 5P L™ AR LERE W, I T BRI S
X T RS SR R A AR FE AN K, DRI AT L b 8 Al 55 S5 LB B ) S8 4 A5 00T T T R IE W O K B A
WEZRE S, — B BUAR, e CLAE AT I BOR U PR XU 25 2 TR U AT AR B 5 1 4 AR
B SR HE A

BRI, R AT 7 i AT PP B DA 3

AR VEAN 15 70 SR AT EEYE . AR HE 2 PR BB AL 0 B 45 L0 0 et BB A R R N T S e
SRR = SN AR X B 52 22 2 XU 1 K- B B2 R

NP A S A P RO B R R 2, FL RS KT St T RS 7™ SR 245 70 RE WA P
AWK CAEEAE ™ ERE A N A, R NIE O MR bR, X T =M PP R AR fd v A B K
few, WMAFEIEIR TR A B,

AT PG 73 Bl I A B 26T 45, 2D BORIAL AR B s 1) B KT BE e T — AN e HOSE e, 6 T
R—RANAE L FT75E ) TR AR (AR XS AT RERS 75 2 SE AR E 1O X 18], 5 45 & 2R mafiabrons T
B2 XK E R .

HHe 1) B IR EAS 21— 5 Bk, SERA R T BLSE A NIRRIIRE R, CAER (1 A AT 3 B 17 AR
AT 73 A E A =R

R 22 2 g2 B A R A LR AN 5 T S HEAT VPAS DRI S 8 ) 507 T B AL BRASR
(22 4 KIS PP T R, BEXT AR 2 2 DURSORI VR Bl fi i LU AR 2. B3] IIEsKPr i AP . H

puf
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HEMERE R —DRE, AR DRE, OERERSIEFE, BET DB A 2] 22 42X
B, T RAEE 2T, 1SRRI S5 (5 E

5. &g
AL CRCS J7 9550 2 B 4 (AR D SR o FL A5 AR 40 BIHEAT 22 4 RS . 3838 6, FTANIRA

195585 50, RUAFELESGR, BA&80 8T 5000, BINTEAE™ B MG, 76 R HE 45 b ik i 4445
I 50 EAE, WiEk 11 Bos.

Table 11. Final score over 50 security incident data

11, RABEE 50 HREEHHKIE

NAEE FEEBEE 5 FEERERS 25 RAR HHER
8 9 2 8.03328 A2 10000 T
8 9 3 8.03328 A3 1000 T
6 8 3 7.609856 B3 500 T
8 8 3 7.594421 B3 500 TE
5 7 3 6.914894 B3 500 g
7 8 3 7.594421 B3 500 BLbk
3 1.2 2 2.082244 D2 100 ATHLA
3 1.2 2 2.082244 D2 100 TATHLA
2 1.2 2 2.082244 D2 100 TATHLA
3 1.2 2 2.082244 D2 100 RATHLAL
3 1.2 2 2.082244 D2 100 TATHLA
3 1.2 2 2.082244 D2 100 ATHLA
7 9 4 8.03328 Ad 100 T
7 8 4 7.594421 B4 50 g
5 6 4 6.040268 B4 50 g
8 8 4 7.594421 B4 50 T
7 8 4 7.594421 B4 50 T
5 8 4 7.594421 B4 50 T
5 8 4 7.594421 B4 50 TG
6 8 4 7.609856 B4 50 b ]
5 6 4 6.040268 B4 50 LR
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