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Abstract

This study proposes a Python-based eVTOL mobility model simulator for jointly analyzing building avoidance,
inter-aircraft collision avoidance, and vertiport pad occupancy constraints in an urban grid environment. The simulator
includes random building placement, rooftop vertiports, continuous mission generation, climb-cruise-descent phases,
waypoint-based building detours, inter-aircraft avoidance through trajectory comparison within the same time period, and
a pad occupancy waiting model. The experiment was composed of six expanded urban scenarios and five functional
combination conditions, generating 101,432,520 missions over 93,919 repeated simulation runs. In this study, the
combined application of building avoidance and inter-aircraft avoidance reduced the normalized collision-risk rate by up
to 93.1%. In addition, under the condition with the pad occupancy constraint, the average pad delay increased by up
to 46.9% and the mission completion rate decreased by 66.9% in small and highly congested scenarios, confirming that
vertiport resource constraints can act as a major bottleneck in cumulative operations.
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Table 1. Expanded experimental scenarios
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Model Description
Model A No avoidance functions
Model B Building avoidance only
Model C Inter—aircraft avoidance only
Model D Building .and inter-aircraft avoidance
without pad occupancy
Model E Model D with verhpoﬁ pad occupancy
constraint
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Table 3. Key experimental parameters
Parameter Value
Horizon per repetition 10,800 s
Mission interval 10s
Missions per repetition 1,080
Cruise speed 240 km/h
Safety distance 500 ft
Altitude range 300-600 m
Layer interval 50 m
Vertical speed 5m/s
Risk time hin 20 s
Maximum delay candidate 300 s
Delay step 60 s
Pads per vertiport 1
Turnaround time 180 s
Control height 50 m
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Table 4. Scenario-level results

Completion | Risks per | Mean pad
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