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Figure 1 Angular variation of the impactor’s observation target in the
inertial frame
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Figure 2 Observation images at differenttimes. (a) Observation image of object at time 1; (b) observation image of object at time 2
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High-speed kinetic impact guidance and control technology for
near-Earth asteroid defense
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Near-Earth asteroids (NEAs), defined as small celestial bodies with orbital perihelion distances less than 1.3 astronomical
units (AU, where 1 AU = 150 million km), are subject to complex dynamical perturbations arising from gravitational
interactions with major planets and the Yarkovsky thermal effect. These perturbations can induce secular changes in their
orbital elements, potentially placing them on Earth-crossing trajectories and thereby generating substantial impact hazards.
As of current observational records, more than 38000 NEAs have been discovered and cataloged, with those possessing
diameters below 100 m comprising a substantial fraction of this population. However, a significant number of such smaller
objects remain undetected and uncataloged due to observational limitations. The ongoing nature of the NEA hazard is
illustrated by recent statistics: since 2025, 87 NEAs have already transited within the Earth-Moon distance, while 22 have
penetrated Earth’s atmosphere as bolide events, underscoring the persistence of this threat. Consequently, NEAs ranging in
diameter from 10 m to 1 km constitute the principal defensive priority, particularly the smaller, uncataloged sub-100-meter
population whose impacts exhibit high consequences and extreme temporal suddenness.

Among the spectrum of proposed mitigation strategies, kinetic impact represents the most technologically mature and
engineeringly feasible approach for NEA deflection. This method employs a spacecraft to impact the target body at
hypersonic velocities, inducing instantaneous momentum transfer and resulting in measurable orbital period modification.
The United States has successfully demonstrated this technique through two landmark deep-space missions: the Deep
Impact mission (2005), which delivered a 372 kg impactor onto comet Tempel 1 at a relative velocity of 10.2 km/s with an
impact precision of approximately 500 m; and the Double Asteroid Redirection Test (DART) mission (2022), which
achieved a remarkable 25 m impact accuracy while striking the 160 m asteroid Dimorphos at 6.25 km/s, thereby reducing
its orbital period by 32 min. These missions collectively validated the fundamental feasibility of autonomous hyper
velocity kinetic impact as a viable planetary defense methodology, while also highlighting the critical importance of
sophisticated guidance and control systems.

This paper presents a comprehensive investigation of guidance and control technologies for high-speed kinetic impact
NEA defense missions through systematic comparative analysis of the aforementioned U.S. missions, focusing specifically
on critical subsystems including mission architecture, spacecraft configuration, target characterization, detection and
targeting methodologies, guidance strategy formulation, and propulsion system design. The comparative study reveals the
evolution from predictive guidance in Deep Impact to the combined predictive-proportional guidance scheme in DART, as
well as advancements in autonomous navigation capabilities. In response to China’s specific requirements for a 30-meter-
class NEA defense mission, this work proposes an innovative impactor control system design concept featuring an
integrated “rendezvous-observation + high-speed impact + post-impact assessment” architecture deployable via a single
launch vehicle. The proposed system addresses unique challenges associated with smaller, poorly characterized targets,
including faint target detection (15.3 magnitude at 1 million km), high-precision impact requirements (within 5 m), and
rapid targeting point selection during the brief terminal phase where the target becomes resolvable only 20 min before
impact. Furthermore, the paper systematically identifies and articulates key technological challenges encompassing
autonomous detection and identification of faint NEAs in star-cluttered fields, robust targeting point selection algorithms
adaptable to unknown shapes and rotation states, precision guidance control for hyper velocity impact under large initial
condition uncertainties, and propulsion system optimization for rapid response maneuvers with minimal fuel consumption.
The research findings provide valuable technical references for the design and implementation of China’s planetary defense
missions, contributing significantly to the establishment of a comprehensive NEA defense system with distinctive Chinese
characteristics and capabilities.

planetary defense against near-Earth asteroids, high-speed Kkinetic impact, deep impact, Double Asteroid
Redirection Test (DART), guidance & control
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