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SMILO-VTAC model based multi-aircraft conflict resolution method in
complex low-altitude airspace

ZHANG Qi-qian, WANG Zhong-ye, ZHANG Hong-hai, JIANG Cheng-peng, HU Ming-hua

(School of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, Jiangsu, China)

Abstract: Aiming at the two uncontrolled cases of traditional sequential mixed integer linear
optimization-velocity change, turn change and altitude change (SMILO-VTAC) model, a new
multi-aircraft conflict resolution model in complex low-altitude airspace under uncontrolled cases
was proposed. Considering the constraints of terrain obstacles in complex low-altitude airspace,
a low-altitude multi-aircraft conflict detection and resolution model for the obstacle-oriented
scenarios was proposed based on the traditional SMILO-VTAC model. Combined with the
priority of general aviation tasks, the rules and procedures of multi-aircraft conflict detection and
resolution were established based on the task priority. A multi-aircraft head-to-head convergence
scenario was established. Simulation and verification were performed based on the proposed

method. Analysis result shows that compared with the traditional SMILO-VTAC model, the
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proposed method can meet the actual needs of multi-aircraft conflict detection and resolution in
uncontrolled cases, and resolve the schemes based on task priority. The resolution cost allocation
is reasonable, and the method is more suitable for the characteristics of aircrafts in complex low-
altitude airspace. The solution time of the proposed method is slightly longer when the number of
aircrafts is no more than 4, but it is basically controlled within 1 s. When the number of aircrafts
is more than 4, the solution time of the proposed method is generally less than that of the
traditional SMILO-VTAC model.
time of the proposed method is much lower than that of the traditional SMILO-VTAC model.

When the number of aircrafts is no less than 7, the solution

Considering the priority factors, the average resolution cost of new method is 10%-20% higher
than that of the traditional SMILO-VTAC model. Along with the small increase in the average
resolution cost, the resolution cost is allocated in order of priority. The resolution cost of high-
priority aircraft is passed to low-priority aircraft. Obviously, the improved method has higher
resolution efficiency in multi-aircraft operation and multi-priority scenario, and has a higher limit
of resolution amount in the same calculation time. 4 tabs, 12 figs, 28 refs.
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Fig. 1 Geometric configuration for conflict detection
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Fig. 2 Geometric configuration for conflict resolution Fig. 3 Non-proximity pathological case
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Fig.5 Conflict detection flow
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Tab. 2 Basic parameters of simulation experiment
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Tab.3 Performance data of “Kitty Hawk 500”
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Fig. 8 Comparison of average velocity changes of resolution schemes
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Tab. 4 Solution times under different scene parameters

SR AR I R] /s
! p=1 p=2 p=3 p=4 p=5
2 0.24 0.22~0.24(0. 23)
3 0.47 0.61~0.64(0. 63) 0.61~0.64(0. 62)
4 0. 66 0.60~1.01(0. 74) 0.83~1.03(0.83) 1.03~1.06(1.03)
5 1.78 0.64~1.02(0.81) 0.63~1.04(0. 92) 1.04~1.08(1.08) 1.21~1.24(1. 22)
6 2.95 1.03~1.90(1. 47) 0.84~1.44(1.04) 0.83~1.64(1.18) 1.05~1.54(1.27)
7 7.99 1.27~2.90(2.07) 1.13~2.18(1. 66) 1.04~1.46(1.32) 1.42~1.82(1.60)
8 =50 1.25~8. 64(4.13) 1.22~3.86(2.17) 1.23~2.18(1.59) 1.46~1.95(1.70)
9 >50 >50 1. 25~8.37(2. 65) 1.22~2.41(1.78) 1.63~2.05(1.93)
10 >50 =50 =50 1.45~42.33(5.97) 1.87~8.42(3.58)
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Fig. 11 Average solution times of conflict resolutions X
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