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Fig. 1  Air route intersection structure at single flight level
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Table 1 Velocity interval of aircraft
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8 100 [850,950] [880,1 070]
ZRm]

12 500 [880,980] [900,1 100]

8 400 [750,850] (810,950
Ph 1)

12 200 [780,880] (840,980

R2 BEREERELM=RERMNLLE

Table 2 Proportion of aircraft types at various flight level

R /m - gi]n&:%%?é?ﬂﬂ@ Hﬁ{ﬁ'JD =
8 100 0.95 0. 05
8 400 0.95 0. 05
8 900 0.9 0.1
9 200 0.8 0.2
9 500 0.8 0.2
9 800 0.7 0.3

10 100 0.3 0.7
10 400 0.3 0.7
10 700 0.2 0.8
11 000 0.15 0.85
11 300 0.1 0.9
11 600 0.1 0.9
11 900 0.1 0.9
12 200 0. 05 0.95
12 500 0. 05 0.95

®3 M2 ARRELOIT 0, EE

Table 3 Value of 6,, under different flow ratio of air route 2

L 2 1 012/(°)

i Ll JE AR HE +100 HE +200
0.1 17.73 24.52 28.52
0.2 20.23 29. 41 34.29
0.3 21.84 31.62 38. 18
0.4 22.87 32.64 39.44
0.5 24.03 32.74 39.63
0.6 24.13 33.18 39.72
0.7 24.24 33.31 39. 89
0.8 24. 62 33.37 40. 27
0.9 24.91 33.56 40. 37
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Air Route Crossing Angle Design Based on Bi-level Optimization Model

WANG Jian-zhong, ZHANG Bao-cheng
(Air Traffic Management College, Civil Aviation University of China, Tianjin 300300, China)

[ Abstract] Route crossing angle play an important role in the safety and efficiency of intersection operation. Ai-
ming at the intersection structure of multiple routes at one point, operations of multiple flight level and change of
aircraft velocity are considered at the same time, a bi-level optimization model is established for air route crossing
angle based on principle of pessimistic decision-making. According to the characteristics of the lower level program-
ming, it is proved that the optimal solution of the lower level programming is obtained at the boundary value of the
velocity interval, and a genetic algorithm is designed to solve the upper level programming. Finally, based on the
aircraft speed range and aircraft type ratio in actual operation, examples for three routes intersection are designed to
verify the feasibility and effectiveness of the model and method, and the influence of the route flow ratio and speed
interval on the crossing angle is analyzed.

[ Key words] safety engineering bi-level optimization model

crossing route airspace programming
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