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Deflecting the orbit of a potentially hazard asteroid by kinetic impact is currently the most technically feasible defense concept . Finding the optimal interception orbit of the impactor to the 

asteroid, so as to achieve the maximum orbit deflection under a given fuel consumption, is of great significance to the design of the defense scenario. This paper takes the kinetic impact on 

the Apophis asteroid as an example, a method to design the optimal interception trajectory of the impactor is proposed and illustrated. First, the orbit deflection of the asteroid caused by im-

pact is regarded as an impulse maneuver, and the motion of the asteroid is simplified into a two-body problem. Then, the optimal interception position and interception orientation of the im-

pactor on the asteroid is determined using classical theories of orbital dynamics and control, which maximizes the orbit deflection of the asteroid for a given fuel consumption. Finally, the ob-

tained interception position and orientation are used as end point constraints of the transfer orbit of the impactor from an Earth orbit. Based on the assumption that the orbit transfer is realized 

by impulse maneuvering, the best starting point for orbit transfer with the optimal fuel consumption is obtained. Despite some assumptions and simplifications, the result obtained can be used 

as an initial guess for the search of a more elaborate interception scheme. 

1.When the true anomaly of the heliocentric orbit of Apophis is 69degrees, kinetic impact can be executed to achieve the orbit deflection goal with minimum energy consumption.    

2.When the interceptor is launched at the moment that the true anomaly of the heliocentric orbit of Earth is 130 degrees, the energy consumption required for interception is minimal.  

3.The analysis result is obtained under the assumption of two-body movement, but it can be used as an initial input for design of elaborate interception orbit.  
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OPTIMAL IMPACT POSITION OF APOPHIS 

The kinetic impact on an asteroid will make asteroid instantaneously obtain  a velocity incre-

ment ΔV, which will deflect its orbit. The problem is to find the optimal position and orien-

tation of kinetic impact to minimize the ΔV required to reach the predefined deflect goal.  

◆ The movement of Apophis is simplified as the Sun-centered two-body movement 

◆ The goal of impact is to deflect Apophis from the nearest position of Earth by a radius of 

Earth equator 

◆ Analyze and compare the minimum ΔV and the optimal impact direction required for dif-

ferent impact positions 

 

Analysis Result 

◆ True anomaly of Apophis at impact  f = 69o 

◆ Minimum velocity increment ΔV  =  0.32 m/s 

◆ The angle between  ΔV and the orbital velocity of Apophis  θ = 5o 

Problem and Solution 

OPTIMAL INTERCEPTION ORBIT OF APOPHIS 

On the premise of assuming that the interceptor changes its orbit with impulse thrust, the 

analysis gives the optimal intercept orbit for the interceptor to impact Apophis the Earth or-

bit.  

◆ The starting point of the interception orbit is represented by the true anomaly of the helio-

centric orbit of Earth 

◆ The ending point of the interception  orbit is set as the pre-obtained optimal impact posi-

tion  

◆ Analyze and compare the interception orbit of minimum energy corresponding to differ-

ent starting points.  

Analysis Result 

When the interceptor is launched at the moment that the true anomaly of Earth’s heliocentric 

orbit is 130 degrees, the energy consumption required for interception is minimal, and the 

corresponding interception time is 160.8 days. 

Solution - the theory of minimum energy interception 

Solution - Lambert theorem of minimum energy 


