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Multi-aircraft Formation Flight Path Planning Based on Air Corridor

WEN Ruiying, HE Jiaxing, LIU Wenhan, WANG Hongyong
(College of Air Traffic Management, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Formation flight can effectively reduce aircraft operating costs and increase airspace capacity.
Taking the three-aircraft formation as the research object, we determine the dangerous area and the optimal
position of the No.3 aircraft in the formation. Then, based on the aircraft performance and particle swarm
optimization algorithm, the formation scheme of No.3 aircraft without changing the path of No.1 and No.2
aircraft is proposed, and the influence law of the airport location of No.3 aircraft on the formation assembly
point and separation point is revealed. Finally, Hough transform and the DBSCAN (Density-based spatial
clustering of application with noise) clustering algorithm are used to process the great circle route, and the air
corridor is obtained as the initial solution. The whale optimization algorithm is used to optimize it, and the
auxiliary corridor is established. This approach provides a feasible solution for the path planning problem of
large-scale formation. The results show that when the longitudinal distance between No.3 aircraft and No.1
aircraft 1s 6 000 m, the optimal position of No.3 in the formation is —57 m or 114 m, and is affected by the
masses of No.1 and No.2 aircraft. When the distance between the takeoff or landing airport of No.3 aircraft
and the great circle of the formation route is constant, the optimal assembly angle or the optimal separation
angle is basically unchanged. Taking 827 trans-Pacific flights as an example, we obtain five air corridors
through Hough transform and the DBSCAN clustering. When the threshold of distance between the take-off
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and landing airports and the air corridor is 300 km, the percentage of flights that can use the corridor reaches

54.17%. After the optimization of the whale optimization algorithm, the percentage increases to 64.33%.

Key words: air transport; formation flight; trajectory planning; flow filed of wake vortex; air corridor; whale

optimization algorithm
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Table 1 Danger zone for No. 3 aircraft at different alti-

tudes and velocities
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Table 2 Optimal position and Af for No. 3 aircraft at dif-

ferent altitudes and velocities

5 /m b K A /m R X /m 5 B /m kL RALALE/m Af/ %
12 000 0.85 6 000 —36~92 12 000 0.85 — 57 7.44
12 000 0.82 6 000 —37~93 12 000 0.82 —57 7.90
12 000 0.79 6 000 —38~94 12 000 0.79 —57 8.29
12 000 0.76 6 000 —39~95 12 000 0.76 —57 8.69
11 000 0.85 6 000 —33~88 11 000 0.85 —57 6.46
10 000 0.85 6 000 —29~—20 10 000 0.85 —57 5.49
9 000 0.85 6 000 9000 0.85 —57 4.56
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(b) 114 m of the lateral distance
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Fig.13 Air corridor comparison diagram before and after

optimization
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Table 3 Flight capacity before and after optimization

o/ AREMMIER/ %
Ui} [URAE]
100 45.59 49.58
200 52.72 58.16
300 54.17 64.33
400 59.49 64.93
500 64.81 64.93
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the great circle of the route
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Table 4 ORA values corresponding to different 7,

h,/km ORA/(%) h,/km ORA/(%)
10 87.51 100 70.26
30 82.23 200 70.39
50 77.18 300 70.55
70 71.55 400 70.85
90 70.25 500 71.12
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Fig.18 Relationship between different airports and OSA at
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Table 5 OSA values corresponding to different &,

h,/km OSA/() h,/km OSA/(%)
10 87.28 100 72.88
30 81.46 200 72.33
50 76.20 300 72.32
70 72.70 400 72.23
90 72.73 500 72.29
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Fig.17 Ten groups of landing airports equidistant from the

great circle of the route
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Fig.19 Flight path diagram of large-scale formation flight
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