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Collision Avoidance Performance Improvement for TCAS in Multi-Aircraft
Situations Based on State Prediction

Abstract

Abstract: Currently the density of the airspace increases with the air traffic flow increasing significantly,
and therefore the conflict occurrence possibility of two or multiple aircraft raises. However, the traffic
collision avoidance system i TCAS 1 may not be able to resolve all the collision problems of multi-threat
situation. There is an active demand to improve its performance in multi-threat situation. This paper
mathematically describes the traditional TCAS anti-collision mechanism, and achieves its expansion in
the horizontal direction, thus proposes the improvement algorithm of collision avoidance performance for
TCAS in multi-aircraft situations based on the state prediction. Adjusting the height and vertical speed are
used as the core in this algorithm, course change and multiple aircraft cooperation are combined to
choose the optimization strategy to avoid collision. Simulation results demonstrate the effectiveness of
our approaches.
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our approaches.

Abstract: Currently the density of the airspace increases with the air traffic flow increasing significantly,
the horizontal direction, thus proposes the improvement algorithm of collision avoidance performance

and therefore the conflict occurrence possibility of two or multiple aircraft raises. However, the traffic
collision avoidance system (TCAS) may not be able to resolve all the collision problems of multi-threat

situation. There is an active demand to improve its performance in multi-threat situation. This paper
mathematically describes the traditional TCAS anti-collision mechanism, and achieves its expansion in

for TCAS in multi-aircraft situations based on the state prediction. Adjusting the height and vertical
speed are used as the core in this algorithm, course change and multiple aircraft cooperation are combined
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t TA RA TA RA TA RA RA
<1000 2 20 N/A 0.30 N/A 850 N/A N/A
1000~2350 3 25 15 0.33 0.20 850 600 300
2350~5000 4 30 20 0.48 035 850 600 300
5000~10000 5 40 25 0.75 0.55 850 600 350
10000~20000 6 45 30 1.00 0.80 850 600 400
20000~42000 7 48 35 1.30 1.10 850 700 600
>42000 7 48 35 1.30 1.10 1200 800 700
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Fig. 6 State space diagram of collision avoidance case
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Tab. 3 Part of associated aircraft track map under general TCAS logic

Time Aircraft X/INM Y/NM ZI/ft Time Aircraft XINM Y/NM ZIft
15:20:13  Aircraftl = -0.887  -26.986 15 747.00 15:20:19  Aircraftl  -0.664 -27.526  15615.00
15:20:13  Aircraft2  -1.230  -29.902 16 458.00 15:20:19  Aircraft2  -1.279  -29.278 16 470.00
15:20:13  Aircraft3  -0.513  -26.812 14 746.00 15:20:19  Aircraft3  -0.322  -27.420 14 728.00
15:20:13  Aircraft4  -0.131  -28.875 15 493.00 15:20:19  Aircraft4 0354  -28.323  15593.00
15:20:15  Aircraftl  -0.820 -27.160  15687.00 15:20:21  Aircraftl  -0.575 -27.724  15619.00
15:20:15  Aircraft2  -1.260  -29.697 16 462.00 15:20:21  Aircraft2  -1.267 -29.064 16 474.00
15:20:15  Aircraft3  -0.449  -27.017 14 740.00 15:20:21  Aircraft3  -0.260 -27.616 14 722.00
15:20:15  Aircraft4  -0.205  -28.758 15 553.00 15:20:21  Aircraft4  -0.428  -28.110 15 587.00
15:20:17  Aircraftl  -0.746  -27.339 15 635.00 15:20:23  Aircraftl = -0.482 -27.934  15623.00
15:20:17  Aircraft2  -1.277  -29.489 16 466.00 15:20:23  Aircraft2  -1.240 -28.848 16 478.00
15:20:17  Aircraft3  -0.385  -27.220 14 734.00 15:20:23  Aircraft3  -0.200 -27.809 14 716.00
15:20:17  Aircraft4  -0.280 -28540  15589.00 15:20:23  Aircraft4  -0501 -27.903  15581.00
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Tab. 4 Comprehensive optimization and improvement strategies to solve detected TCAS chain collision situation

5% YIUAAT E (Aircraft, NM, NM, ft) TCAS BRI LRGN
1 (1,6.782,6.237,15570)+(2,8.956,6.548,15340)+(3,22.183,6.641,14800) 758 0
2 (1,7.556,6.548,15500)+(2,8.956,6.548,15340)+(3,21.376,6.548,14850) 964 0
3 (1,7.725,6.567,15500)+(2,8.956,6.548,15340)+(3,20.782,6.621,14900) 1216 0
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