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Abstract: The safe operation support ability of air traffic management is of important influence on the air traffic safe
operation. Considering the fuzziness and randomness of various factors that affect the safe operation support ability
of air traffic management, the cloud model theory is introduced to realize the quantitative evaluation of the safe oper-
ation ability of air traffic management. Based on the characteristics of safe operation of air traffic management, the
evaluation indices system for safe operation support ability is constructed. Queuing theory is used to assign weights
to the evaluation indicators to overcome the subjective influence on the weight assignment. By calculating the cloud
digital characteristics of the evaluation indices of the safe operation support ability of air traffic management through
the reverse cloud generator, the evaluation cloud of the safe operation support ability is obtained. Case studies show
that the cloud model enables overall and accurate evaluation of safe operation support ability of air traffic manage-
ment, and find out the key indicators affecting the safe operation support ability, which helps the air traffic manage-
ment department to take measures to improve the safe operation support ability of air traffic management.
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Table 2 Standard quantization value of safe operation
support ability
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Table 3  Digital characteristics of benchmark cloud
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Table 7 Comprehensive evaluation cloud

bR E., E, H

. 0o 1 2 3 4 5 6 7

B 8.9179 0.276 0 0.084 6 ORFRE S

' ‘ ' ' B4 &l AR BiIFH =
B, 4 0.3158 0.070 5 . .

: 8.4680 Fig.4 Cloud graph of evaluative cloud B,
Bs 8.8118 0.270 4 0.085 2
By 8.5614 0.340 8 0.077 5
Bs 7.9717 0.2990 0.099 0
Bs 8. 608 6 0.2364 0.0517

3.4 REBITREERNERHE

T IE ) = KA A i Matlab 2 o W) J2 : ,
HHPRZ W ZE G = 53 E = i H L 4 ik mT X o 1 2

3 4 5 6 7
21 2ol v et it s A e i e TRBiEE SR AEAL A B
o 20 o D] 2 0 H bR )2 23 8 L s AT AR B RE 45 B 5 4R A BT &
G, BRI IE 2~V 7 o Fig.5 Cloud graph of evaluative cloud B,

) Lt ) L r RN R

34 5 6 7 F
(R IRRALAE A
R L e 6 R BT =

Fig.2 Cloud graph of evaluative cloud B,

Fig.6 Cloud graph of evaluative cloud B;

[

4 5 6

8 9 10 0o 1 2

3 7
(R ARRALAE R L
K3 e g BTN = K7 B&EITHE N BOEH =

Fig.3  Cloud graph of evaluative cloud B, Fig. 7 Cloud graph of evaluative cloud B,



54

R A BT BB B S

L Aia AT R RE T 65

3.5 EROW

AR T 15 2 04 25 48 2 s AT R B RE ) AR 2
F 25 0 R I A E 2 B8 BT R AE >R ] Matlab
X LA i 8 i , R FEME = TR
HEARREGG B

g

3 4 5 6 7 8 9 10
T
K8 HMinSEas
Fig.8 Reference cloud and integrated cloud

%Ay SR R B AT R B AR T S U
7 8.589 4, N ST LA th : H ATl R EE P T
(8,107, Ui B 75 & % 438 17 1) B IR AR B 6E 1 A T
Bowm 5 Mo Z ) B (E R 0,286 4, R EH A
0.077 5, UL W = R IR FE BN s AT IR B g T B9 VTt
SRR REREN .

R 75 A o D)2 48 B 1 25 B0 R AE o o )
J2 10 3 B A 4 RN R B NHE IR 15 8 s 4 % 4 s
1T PR B BB 1 10 16 506 I 7 A0 IR A 42 4 XU 78 B
LA HEAREN KBTI EERERA K
S EH ASEHEY . WNE2~E 70 LLF
2 7S S T D 2 48 A 1 2 BT R A R T AR 3
50 1 X)X 6 FE AR 1Y R R BE 1 A 2 H
BRI, 0 R 2 4 KRS 45 B A b, FL AR B ik ) 45
PN BAE N 8. 917 9, I A A F5 b Hh P 1 F 2 14
I 2 2078 B 7 2 BT A o D) J2 98 Ak ob 2E A 1 B M1
i, AR B Al 0 SE GO ERAE Sy 7. 971 7, 16 BH AH X i
F SV PR O o U 2 v A S Y, N R S
AR RE ) T A ZURE

1 T8 b5 2 VEH T8 A 14 191 28 (8 He BR /D 31K i
TTHEY A9 B 28 AT 3 Co, 2S5 & M
Cor A NG VERE I Coy Z 2 TR Coy FERE R
BN Cop E M B Cop P8 bR 19 4 2 R BE
T BEE R . NEETT LA HEEhA

M Co L BLEE A A BIME ) (BN VR RS # Cou )
AR e 1 W R 43 5 R 7.800 0.7.860 0 Fl
7.970 0, JLT- AR AL F 4 4 (R B B8 1 1 458 s X TE) Y
X6 A U IR T B VE AN AR T AT Y 52 0 [+
FE o T % 2 TAT B G, M 2 (2 3 Cos 1Y
LARRBERE I WAL, L N T %L
SCALE B B, B TR S5 .

HT BRI EMEE R, ZEE T REDT —
By BEIW 22 A AT AR B il ) g 1R, N T 0 R 4
LU AT RO R A, Sk A BB R A R L 42
TP BA A VR RS #3080 3% 0 8 X B3 T % 4 5 AT
PR 5 3% 09 S0 M (E A ik .

B AR SO = BERLE M 1k 5 2 R o W ik R
B L5 AV 0 07 2 B OF 45 SRk AT % He, BK
SRR S FTR , AT LAE - =B 7 Ik o4 25
SRR R A H R I T B ) 5 ) B AT
TR B AE 1 VAN 6 6% 75 43 A P M B8 19 A SUfE
B A A A A R B AR T S o BB A O
LA Bly 22 455780 v iy i 0 8 2 B T I AN 45 SR R
8 A AT S R A a2 PR R T U P AN T
AE

#8 SR IT BT 4 R

Table 8 Comparison of assessment result between
three methods

S
& b
pay it BT BRILE AT
B, 8.917 9 8.9150 9.2031
B, 8.468 0 8.408 9 8.649 5
By 8.8118 8.798 3 9.086 6
B, 8.561 4 8.544 6 8.708 2
Bs 7.9717 7.948 6 7.918 4
B 8.608 6 8.596 7 8.803 9
4 4 B

(1) BT 25 v 22 i 48 B 42 4232 47 W T T %
0 52 2R VE RIS Wi 5 T A T A A R A is AT I
AE ) o BERL PPN AL, S T s MRS S E A
(EL A A 00 i, S BRUE W A 25 2R T 5 19 AR
TE

(2) G o H58 BY % 28 48 22 4z A7 (R i g )



66 i as TR

W12 4%

oA, A AT DL i = W R 30 25 1 25 A
% Anin AT PR R RE ) B IEAN 45 2R T ELRE A5 4R 1 B
Wi 25 4 22 4 as AT IR B BE ) B9 £ BN R, WA 1k
PE 284 2 A is AT AR B RE 1 B LR T 18], Ol A

B ARIs AT PR BRRE ) AT A )R 2 A T — FioE

S & 3Tk

(1] XU =5 o o 5 4 ) 22 4 XU H A ALE I 9 (D . ki
TR, 2011,

LIU Tangging. Study on the coupling mechanism of safety
risk for air traffic control[D]. Wuhan: Wuhan University of
Technology, 2011. (in Chinese)

(2] ZHER . 1990—2003 4F [ KL 152 8/ F ] fi €47 30 £

W RGO T LT]. i 2 e Bl aE o i, 2004, 14(12)
26-32.
LUO Xiaoli. Study on categorized statistics of 152 cases of
insufficient separation event of China civil aviation in 1990—
2003[J]. China Safety Science Journal, 2004, 14(12): 26~
32. (in Chinese)

[3] MASSIMO F. Modeling safety case evolution-examples
from the air traffic management domain[J]. Lecture Notes in
Computer Science, 2006, 39(43): 81-96.

[4] FLAVIOR L, CAMARGO J J B. A safety assessment
methodology applied to CNS/ATM-based air traffic control
system[J]. Reliability Engineering & System Safety, 2011,
96(7): 727-738.

[5] MICHAL L, JAN M, JACEK S. A system-theoretic acci-
dent model and process with human factors analysis and clas-
sification system taxonomy[J]. Safety Science, 2018, 110:
393-410.

[6] JACEK S. The simulation-fuzzy method of assessing the
risk of air traffic accidents using the fuzzy risk matrix [J].
Safety Science, 2016, 88: 76-87.

(7] W%, #AL . BT 4 WAL 2 4 R 5% 2 KR Py e i

WLT). fizs TAREERE, 2021, 12(1): 30-38.
TANG Jiawen, DONG Bing. Safety risk evaluation of air
traffic management system based on combination weights
method and matter element model[J]. Advances in Aeronau-
tical Science and Engineering, 2021, 12(1): 30-38. (in Chi-
nese)

(8] JrfRsm, sKM. BT MEZRiB 5 XS 40 A Y 25 48 XU S 34 PF Al

[T]. 2 2R 244, 2018, 28(11) : 142-148.
WAN Junqiang, ZHANG Min. Evaluation of air traffic con-
trol risk situation based on game theory and set pair analysis
[J]. China Safety Science Journal, 2018, 28 (11) : 142~
148. (in Chinese)

(9] ZHiE. RMEREERGELZLSEMURID]. L. £
RECE R, 2018,

QIN Lujia. Research on information security management of

[10]

[(11]

[19]

East China Air Traffic Management Bureau of CAAC [D].
Shanghai: East China University of Political Science and
Law, 2018. (in Chinese)

BRI 2 48 2 A A LR R SRS [T ). B S
MERKE 2 (R BHARD L 2007, 9(1) : 43-46.

HU Minghua. An empirical study of China’ s ATC safety
management system [J]. Journal of Nanjing University of
Aeronautics & Astronautics (Social Sciences) , 2007, 9(1) :
43-46. (in Chinese)

AR . A RGO A R R R B [T
o R s, 2010, 11(10) 2 75-77.

YANG Jiansen. Thoughts on the construction of quality and
safety management system in ATC sector [J]. China Civil
Aviation, 2010, 11(10): 75-77. (in Chinese)

M, WA . =8 AL RGE BRI T, i
FHLRR, 2014, 47(s1): 474-476.

LAI Xin, HUANG Bangju. Research of information securi-
ty assessment for ATC automation systems [J].
Science, 2014, 47(s1): 474-476. (in Chinese)
g AR, HAE, AL RS E RGBS RE L LT
W], RGBT, 2013, 13(4) : 249-253.
LIANG Man, DAI Fuqing, TIAN Jia, et al. On the safety

Computer

evaluation of the ATM facilities and equipment system for
civil aviation[J]. Journal of Safety and Environment, 2013,
13(4): 249-253. (in Chinese)

WRBTHE . R 2 A BEA 2 2 SO Y B LT ). R 2 4
B, 2006, 26(9): 90-92.

CHEN Xinhui. Discussion on construction of safety culture
in air traffic control team [J].
Sun Yatsen University, 2006, 26(9): 90-92. (in Chinese)
VBRI, SKEL, BRARAT . &8 e so i R T]. “a
SR, 2019, 19(1): 114-119.

SUN Ruishan, ZHANG Kai, CHEN Zili. On the layout of

Supplement to the Journal of

the safety culture scale for the air traffic control[J]. Journal
of Safety and Environment, 2019, 19(1): 114-119. (in Chi-
nese)

GRAVIO G D, PATRIARCA R, MANCINI M, et al.
Overall safety performance of the air traffic management sys-
tem: the Italian ANSP’s experience on APF[J]. Research
in Transportation Business & Management, 2016, 20: 3-
12.

Performance Review Commission. Performance review re-
port[ R]. Brussels: Euro Control, 2017.
PER, R R MEE s kA wT].
5%, 1995, 38(6): 15-20.

LI Deyi, MENG Haijun. Membership clouds and member-

AR5

ship cloud generators[J]. Journal of Computer Research and
Development, 1995, 38(6): 15-20. (in Chinese)
ERAME R SE%e Wi IM]L dear: P E R
% Jar, 2008.

Civil Aviation Administration of China. Safety audit of air



54

J R SCAE T R ALY

2 L A in AT PR B RE T I 67

[21]

[22]

traffic management[ M ]. Beijing: Civil Aviation Administra-
tion of China, 2008. (in Chinese)

hERAME R . S ks 22 zg ML b
A P E R s B, 2000.

Civil Aviation Administration of China. Services safety as-
sessment system of air traffic management [M]. Beijing:
Civil Aviation Administration of China, 2000. (in Chinese)
LY, G, FAR T, . BANTE 2R RGN IR T 1Y
BREFEAR[T]. BBOL5 8 T8, 2014, 26(7): 136-141.
JIAO Yanwei, HOU Deting, ZHOU Dongli, et al. Efficien-
cy evaluation of unmanned aerial vehicle in complex electro-
magnetic environment [J]. High Power Laser and Particle
Beams, 2014, 26(7): 136-141. (in Chinese)

Rk, Ha Tk, skt AL R T AR R R T R G AL
BEVPASLT]. R TR SHFHR, 2018, 40(4): 815-822.
LI Linlin, LU Yunfei, ZHANG Zhuang, et al. Effective-
ness evaluation of command and control system based on
cloud model [J]. Systems Engineering and Electronics,
2018, 40(4): 815-822. (in Chinese)

R, A, R TR IO T R R R IR A A S
R 5 gk (7] R R E 2 4, 2020, 49(6) -

843-847.

LI Chunlin, XU Hao, WU Linyong. Radar “angel-echo”
signal detection and suppression method based on analytic hi-
erarchy process[J]. Journal of University of Electronic Sci-

ence and Technology of China, 2020, 49(6) : 843-847. (in

Chinese)
[24) ZHRE. GHIFMEES MM dbat: BF Tl g
#, 2003.

QIN Shoukang. The prirnciple and application of comprehen-
sive evaluation [ M ].

2003. (in Chinese)

Beijing: Electronics Industry Press,

EE B

BRI (1985—), 5 A+, Phif . FEHFE 5 25 sl
GREH,

#F OE(978—) B W+ A4k, FEAR W ZREE

FRBIE(1981—) 5 W+ @&, FEMARTN: R
P

(%38 : D #f)

R R 2 R R 2 R R R R R R R R R R Ry
( F4255 51 51)

[20]

[22]

[23]

ST, VR, SRIEAT, AR PRS2 R I SR
il R A AE 52 [T/OL ], M as TR kg . (2021-04-26)
[2021-04-30]. https://www. doc88. com/p-9177305799
3490. html? r=1.

SHI Zijie, XU Heyong, GUO Runjie, et al. Application re-
search of flow control using co-flow jet on a vertical tail[ J].
Advances in Aeronautical Science and Engineering. (2021~
04-26) [2021-04-301. https: /www. doc88. com/p-91773
057993490. html? r=1. (in Chinese)

DANO B P E, KIRK D, ZHA G C. Experimental investi-
gation of jet mixing of co-flow jet airfoil[ C]// Proceeding of
the 5th ATAA Flow Control Conference. Chicago, Illinois,
USA: ATAA, 2010: 1-19.

DANO B P E, ZHA G C, CASTILLO M. Experimental
study of co—flow jet airfoil performance enhancement using
discreet jets[ C]// Proceeding of the 49th AIAA Aerospace
Sciences Meeting. Orlando, Florida, USA: ATAA, 2011:
1-23.

DANO B P E, LEFEVRE A, ZHA G C. Mixing mecha-
nism of a discrete co~flow jet airfoil[C]// Proceeding of the
41st ATAA Fluid Dynamics Conference and Exhibit. Hono-
lulu, Hawaii, USA: ATAA, 2011: 1-9.

ZHANG S L, YANG X D, SONG B F, et al. Numerical

and experimental study of the co—flow jet airfoil performance
enhancement[ C ]/ Proceeding of the 55th ATAA Aerospace
Sciences Meeting. Grapevine, Texas, USA: ATAA, 2017:
1-9.

[25] ZHA G C, YANG Y C, REN Y, et al. Super-lift and
thrusting airfoil of coflow jet actuated by micro-compressors
[C]// 2018 Flow Control Conference. Atlanta, Georgia,
USA: AIAA, 2018: 1-17.

EE R

IRE (1990— ), T, WA . EEMF5E M. £
Yl e as K S BT R R 24

BBZR(1971—), 5, W+, 8z, FEMR T m i=S38
DAY SINGRI R IE =

REHE(1963—), 9 W+, B8 FS . FEOTTH CAT
A ARBETT IE2s E]RAT R BRI R AT 2R A

T OW(1994—), B B A . FEIFI T < R AR
VI N DIk

ZFEER (1998— ), T W o A . BT

T2

RS RERTRIN

(%45 : 53 FF)



