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Research on collision risk of parallel air routes under
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Abstract; In the scenario of air-ground collaborative autonomous operations, the collision risk of aircraft
was assessed to ensure operational safety. The collision risk of parallel routes under autonomous flight was
studied based on human factors and the performance of CNS systems. Firstly, an in-depth analysis of the
characteristics of autonomous operation scenarios was performed. The Cognitive Reliability and Error
Analysis Method ( CREAM ) model was improved by incorporating cognitive behavior and interactions

between pilots and air traffic controllers to assess human reliability in autonomous operations.

# SCEESH :1003-3033(2025)08-0070-14; Ui H I .2025-03-15; &4 H 11.2025-05-25
wx AFMEE TR (1993—) , J  WIRE B E A 4 B3z, 8\ 2 Thag il ) 5 8 By T A AFSE . E-mail: jqwan@ cauc. edu. cn,



4 8 4]

SRR A S A F B AT T P AT R XU 5 =71 -

Subsequently, combined with the CNS performance and human factors, a collision risk model for

autonomous operation aircraft was established. The lateral, longitudinal, vertical, and overall collision

risks of the aircraft were evaluated separately. The feasibility of this method was validated through a

parallel route example, and the impact patterns of human reliability and CNS performance on the collision

risk of parallel routes were analyzed. The results indicate that the collision risk values in all three

directions and the overall risk remain below the target safety level (5x 107 ). Furthermore, it is

demonstrated that improving human cognitive reliability and CNS performance contributes to reducing the

spacing between parallel routes, thereby enhancing the safety of autonomous operations.
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Table 1 Failure modes and CFP of pilots cognitive behaviors in autonomous operations
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F E 7 1) E i T B HIF, HIF, 1 HIF, 5351
F4.32%x1071 1.44%x107° F1 5.04x 107, AR5 3¢
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Table 6 Collision risk parameters
A/n mile A/n mile A./n mile S./n mile S,/n mile S./n mile 5 /n mile E(s)
0.021 330 0.019 330 0.006 790 | 50.000 000 | 5.000 000 0.165 000 | 250.000 000 | 0.340 000
E(s) E(s) E (o) E,(0) E (o) | V|/kn | AV |/kn | % |/kn
0. 260 000 0. 000 000 0. 010 000 0. 010 000 0.001 000 | 450.000 000 | 5.000000 | 120.000 000
|y |/kn |2 |/kn P.(0) P.(0) R HIF, HIF, HIF,
120. 000 000 | 1.500 000 0. 043 000 0. 570 000 0.016 140 0.001 440 0. 000 432 0. 005 040
31 MERERBENH ik 4 th RSP HIBEERTIRA b, =- " iF5i
¥4 3 o RNP KEEAPEEARA o, =~ ﬁ A R SRR, B 5] =120 n mile/h, A

[)KS BE 2SR RNP FFASELNT T 3 N7 el 4438, A
[RIKS BE 2R A RSP 76 3 N M s o, (HILFE 7,

AG LR RSP 76 3 N7 Ial i b, (E W3R 8,

£7 TEREELEN RNP SHREH o, &

Table 7 Corresponding «, values for different accuracy types of RNP

RNP Z5#Y RNP 0.3 RNP 1 RNP 4 RNP 10 RNP 12.6 RNP 20
a, 8 a, = 0.100 a, = 0.334 a, = 1.335 a, = 3.338 a, = 4.206 a, = 6.676
%8 3NAEANEBEREN RSP XN b, &
Table 8 Corresponding b, values for different accuracy types of RSP in three directions

J7 1] RSP 180 RSP 240 RSP 400 RSP 760
M= (i=y) b, = 2.025 b, = 2.693 b, = 4.473 b, = 8.479
W] (i=x) b, = 2.025 b, = 2.693 b, = 4.473 , = 8.479
X (i=z) b, = 0.025 b, = 0.034 b, = 0.056 b, = 0.106

N . n” \ ; . _— N
3% 5 RCP A FRETEIMEACA ¢ =~ 120,05 TR HE SRR (5] =1.5 n mile/h, AR5 ESE
n0.

R RCP 78 3 DN s ¢, L2 9,
®9 INHEAFREREELEE RCP XWRIH ¢, &

Table 9 Corresponding c, values for different accuracy types of RCP in three directions

i1l RCP 10 RCP 60 RCP 120 RCP 240 RCP 400
M (i=y) ¢, = 0.111 ¢, = 0.668 ¢, = 1.335 ¢, = 2.670 ¢, = 4.451
i (i=x) ¢, = 0.111 ¢, = 0.668 e, = 1.335 ¢, = 2.670 ¢, = 4.451
W E (i=z) ¢, = 0.001 ¢, = 0.008 ¢, = 0.017 ¢, = 0.033 ¢, = 0.056

HFRT—FIPHIE, B (10) . (14)
A (18) 1T A4S 258 4] 2 ¥ b 50 b, 3L T 45 RNP
RSP RCP 1 & F H EB iz #w i 3 N E

B PL(S) Pu(S) HPL(S,) ,iHREER I
2 10—3% 12,
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Table 10 Lateral overlap probability based on integration of RNP, RSP and RCP with different performances

RNP &7 Py (S,) RSP 27 P (S) RCP 27 P, (S,)
RNP 0.3 9.51x107% RSP180 1.49x107° RCP 10 1.10x107"
RNP 1 1.46x1077 RSP240 1. 60x10°° RCP 60 6.89x10°°
RNP 4 8.12x107* RSP400 1.50x107° RCP 120 8.12x107*
RNP 12.6 1.62x107° RSP760 1.01x1073 RCP 240 1.60x10°
RNP 10 1.53x1072 — — RCP 400 1.50x107?
RNP 20 1.20x107° — — — —
£11 ETARE1EEE RNP RSP RCP AEHIMNEEEMHE
Table 11 Longitudinal overlap probability based on integration of RNP, RSP and RCP with different performances
RNP 2571 P..(S,) RSP 2571 Pg(S,) RCP 257! P.(S)
RNP 0.3 3.81x107° RSP 180 3.23x107° RCP 10 1.02x107"*
RNP 1 4.66x107% RSP 240 3.23x107° RCP 60 3.77x107%
RNP 4 1.67x107"7 RSP 400 3.65%107° RCP 120 1. 67x107"7
RNP 12. 6 1.60x107* RSP 760 2.67x107 RCP 240 5.80x107"°
RNP 10 2.25%107’ — — RCP 400 3.88x1077
RNP 20 7.58x10°° — — — —
*12 HEFALAEEEE RNP. RSP RCP A BEHEEHE

Table 12 Vertical overlap probability based on integration of RNP, RSP and RCP with different performances

RNP 24%1 P(S.) RSP 2% P(S.) RCP 255 P.(S,)
RNP 0.3 1.73x1072 RSP 180 1.69x107° RCP 10 1.23x107%
RNP 1 9.27x107° RSP 240 4.79%x107° RCP 60 1.01x107®
RNP 4 2.53x107° RSP 400 1.27x107 RCP 120 1.30x107

RNP 12.6 1.02x107* RSP 760 1.73x1072 RCP 240 4.16x107*
RNP 10 8.07x10™ — — RCP 400 1.26x107
RNP 20 5.08x10™ — — — —
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Fig. 6 Three orientations and combined collision risk values under different CNS performances
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Fig. 7 Impacts of human reliability, RNP, RSP, and RCP performance on lateral collision risk
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