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A novel approach for air traffic control system capability evaluation using
Dempster-Shafer evidential reasoning

WANG Changchun, ZHU Yongwen, ZHAO Chenguang, CHENG Ben
(National Key Laboratory of Airspace Technology, Beijing 100085, China)

Abstract: There exist various kinds of low level indices and uncertainty of evaluation information in
the capability evaluation for air traffic control system. To solve this problem, a novel evaluation
methodology using Dempster-Shafer(D-S) evidence reasoning is proposed. Firstly, the rule base is built
with belief structure, and the input information is transformed into a pre-defined form. Then the activation
weight of input is calculated. After that, the final assessment distribution is obtained by using evidence
reasoning for index aggregation. The capability evaluation of a certain air traffic control system is
investigated, so as to illustrate the feasiblity and effectiveness of the new methodology.
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Tablel Capability indices and values of air traffic control system

1D class value 1D class value

a capacity of ATC sat'Sf'Ed/ba::t:?;]!?;;a“ﬁ'edmm c12 range/ km 40,60,80

c communication capacity sat'Sf'Ed/ba::t:?;]!?;;a“ﬁ'edmm c13 delay/s 5,10,15

c3 command and control capacity sat'Sf'Ed/ba::t:?;]!?;;a“ﬁ'edmm Cia range/ km 40,60,80

cs surveillance capacity sat'Sf'Ed/ba::t:?;]!?;;a“ﬁ'edmm c15 delay/s 5,10,15

cs wired communication capacity strong/medium/general C16 safety strong/medium/general

wireless communication . . .

s capacity strong/medium/general c17 stability strong/medium/general
cr ATC decision capacity strong/medium/general c18 reliability strong/medium/general
cs automation equipment capacity strong/medium/general C19 range/ km 40,120,200

cy radar surveillance capacity strong/medium/general Co0 accuracy strong/medium/general
c10 ADS-B surveillance capacity strong/medium/general ca range/ km 40,120,200

cn others surveillance capacity strong/medium/general [ accuracy strong/medium/general

& 2 WA RS RE IR AL
Table2 Capability evaluation rule with belief structure

1D prerequisite conclusion 1D prerequisite conclusion

1 (c12=80) A\ (c13=15) ¢s{(4,1.0)(B,0)(C,0)} 8 (c12=40) A\ (c13=10) ¢5{(4,0.5)(B,0.3)(C,0.2)}
2 (c12=80) A\ (€15=10) ¢s{(4,0.8)(8,0.2)(C,0)} 9 (c12=40) /\(c15=5) s{(4,0)(B,0.2)(C,0.8)}
3 (c12=80) /\(c15=5) ¢s{(4,0)(B,0.8)(C,0.2)} 10 (€16=0.9) A\ (¢20=300) co{(4,1)(B,0)(C,0)}

4 (c12=60) A\ (c15=15) ¢s{(4,0.9)(B,0.1)(C,0)} 1 (€10=0.9) A\ (c20=200) ce{(4,0.9)(B,0.1)(C,0)}
5 (c12=60) A\ (c15=10) ¢s{(4,0.6)(8,0.4)(C,0)} 12 (c19=0.8) A\ (c20=300) s{(4,0.8)(8,0.2)(C,0)}
6 (c12760) /\(c15=5) ¢s{(4,0)(8,0.5)(C,0.5)} 13 (c10=0. 8) A\ (c20=200) o{(4,0.7)(8,0.3)(C,0)}
7 (c12=40) /\ (c15=15) ¢{(4,0.7)(B,0.3)(C,0)} : : :

4 £t

AR SCHR Y TR S e 00 2 T Sl A i R SR PP TR R —MEE S E BMAT S, ITEAR S LKA
AL B LA WAL T E . SR WWBPEAE I IE AR EE , %07 WA B B PEAS 45 R AN = — AN A B, MR RS R
GERE W I AL 5 oR A9 — 20 A0 A G B A B M o 107 1 AT T T RS A E A W B R AR BE I B, L nl ]
TR R RES B b, KRR CHMERES B Z N RGRE I I RZ M o W % D5 vk R AT DEAG I, 3 s A OC
B e P T £ B U

£ 3k

(1] FORANE, 22 dhss AO00, 45 . kT Ok B A A Uy 12 % 25 v A2 0 A o b0 R R RLRE VT AL D], s 2# 4k, 2011,32(3):
438-447. (BAI Songhao,LAN Hongliang, ZHENG Na,et al. Effectiveness evaluation of air traffic control system based on
the method of system contributory model[J]. Acta Aeronautica et Astronautica Sinica, 2011,32(3):438-447.)

[2] HME. REMBER I MARE N 7RISR 507 )] R4 TR S Sk, 2010,30(11):2112-2120. (BAI
Songhao. Computational model and method for system effectiveness index and factor[J]. Systems Engineering Theory
&Practice, 2011,30(11):2112-2120.)

[31 DoD architecture framework group. DoD architecture framework version 2.0[R]. US:Department of Defense, 2008.

[4] Shafer G. A mathematical theory of evidence[M]. Princeton:Princeton University Press, 1976.

[5]1 YANG ] B,LIU J,WANG J.et al. Belief rule-based inference methodology using the evidential reasoning approach-RIMER[]J].

IEEE Transactions on Systems,Man,and Cybernetics-part A:Systems and Humans, 2006,36(2):266-285.
(N6 326 1)



