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Abstract

In this study, a preliminary trajectory design was conducted for a conceptual spacecraft flyby mission
towards near-Earth asteroid (NEA) 2024 YR4. This asteroid raised planetary defence alarms when it was
first discovered, and although new analysis nullified the possibility of an Earth impact, the asteroid still has
a high probability of impacting the Moon. The asteroid is expected to pass 266,857 km from the Earth’s
centre on the 22nd of December 2032, which can provide an opportunity for a flyby reconnaissance mission
for scientific research and planetary defence assessments. This mission analyses multiple launch windows
and presents near-optimal ∆v trajectories based on chemical propulsion impulsive manoeuvres. The
constraints for this mission include arriving at the asteroid’s sunlit side to enable the functioning of optical
equipment and a relatively slow arrival velocity to provide a longer period for scientific reconnaissance.
This analysis begins with the implementation of the Lambert solver in MATLAB (Izzo’s algorithm),
followed by validation of the solver using the Earth-Mars 2005-2007 transfer porkchop plot. The solver was
used to determine the optimal launch window for Earth-Asteroid 2024 YR4 for the period between 2027-
2032, the results of which were used to design the escape trajectory from the Geostationary Transfer Orbit
(GTO). This trajectory was optimised using Sequential Quadratic Programming (SQP) local optimisation
to assess the arrival conditions at the asteroid. The results of this scheme included a low v and time-of-
flight (TOF) requirement (1.749 km/s ∆v, 274 days TOF). However, this method generates unfavourable
arrival conditions because the spacecraft arrives on the dark side of the asteroid. To address these
limitations, a multiple gravity assists with deep space manoeuvres (MGADSM) framework was developed.
This scheme uses Monotonic Basin Hopping (MBH) global optimisation with SQP for local refinement,
a combination of Lambert arcs and two-body propagations to model the trajectory, and patched conic
approximation to patch the trajectories. This framework demonstrated that a swing-by from either Earth
or Venus, although requiring an increase in ∆v and time-of-flight, produces considerably improved arrival
conditions. The analysis showed that the Venus gravity assist is arguably more fuel- and time-efficient
than its Earth counterpart. The Venus GA trajectory yields a 26% reduction in ∆v (Venus GA: 2.796
km/s vs Earth GA: 3.807 km/s) and a 66% reduction in TOF compared to the Earth GA (Venus GA: 505
days vs Earth GA: 1485 days), establishing a viable scenario for the asteroid 2024 YR4 reconnaissance
mission.
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