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Abstract. The relevant increase in the number of uncontrolled space debris is nowadays considered 
one of the main threats for future sustainability of space activities and space access. With the increase 
amount of space debris, space debris causes more widespread attention over the world. After 
analyzing the relationship between maneuvering energy, orbital transfer time and the orbital radius, a 
mathematical model has been established which can explain the mechanism of the space debris 
deorbit and improve the accuracy of orbit location. At the same time, a feedback decision-making 
system is proposed for choosing the best way to deorbit space debris though the analysis of the factors 
on the total cost. 

1. Introduction 

It is nowadays clearly that large amount of space debris in the vicinity of the earth have seriously 
threatened the future sustainability of space activities and space access [1]. Space debris is a specific 
type of space objects, also called orbital debris, that is human-made, no longer functional, and in 
Earth’s orbit. Space debris mainly comes from dead spacecraft, lost equipment, boosters and weapons, 
which ranges in mass from several grams to many tons, and in diameter from a few millimeters to tens 
of meters. Due to their high orbital velocity in the orbit, even small-size debris can lead to 
catastrophic breakups, which has the effect of not only damaging operational spacecraft but also 
increasing the amount of hazardous debris, which in turn cause further space collisions with the 
rockets and spacecraft on a mission in orbit. The number of total objects orbiting around the earth 
grew dramatically over the years, with a clear acceleration since 2006. The growing number of debris 
is raising the probabilities of collision between two man-made space objects. The issue itself became 
more widely discussed in the news media when the Russian satellite Cosmos - 2251 and the USA 
satellite Iridium - 33 collided on 10 February, 2009 [2].  

In the past few years, a number of different methods of removing the debris have been proposed, 
such as conductive tether wire performing electron collection from the ambient space plasma [3, 4] 
and high energy lasers used to target specific pieces of debris [5] and small satellites with robot arms 
designed to remove the debris [6, 7]. Each method may represent a valuable solution for space debris 
belonging to specific classes or types or orbiting in particular space regions. Nowadays, based on the 
advanced technology, the contact can be easily set up between the observation point on ground and 
debris in orbit through their azimuth and altitude angle to locate the debris. However, the change of 
the debris orbit due to some special and detail factors undoubtedly have an effect on the location 
accuracy. Therefore, to clean the near-Earth space from the dangerous debris more effectively, it is 
necessary to set up a mathematical model which can explain the mechanism of the space debris 
deorbit and improve the accuracy of orbit location.  
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2. Model 
A model was set up to explain how the debris escaped from the initial orbit. Here, taking into 

consideration that the debris is limited by the small size but still moves in low earth orbit. A kind of 
satellite laser can remove the debris to another orbit in current technological level. Two indexes were 
used to evaluate the clean-up operation based on orbit transferring. V∆  is the energy which can help 
the debris achieve track changes. t  indicates the time consumption in the process of orbital transfer. 
To simplify the model, the shape of the initial orbit is taken as being nearly circular and the transfer 

orbit happens only one time. Tn  is defined as the ratio between 2r  and  1r , namely, 2
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Where  em  means the mass of the Earth, cv  means the speed in initial orbit. 
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In which pt  means the mission time，µ  is a constant. 

3. Discussion 

As the above deduction shows, V∆  depends on the ratio between 2r  and 1r  when Tn  is treated as 
a constant, Then we have the following qualitative analysis conclusions:  
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More daringly, we choose: 
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Fig. 1 a. The curve of  V∆  and initial radius 1r ; b. The curve of  t  and initial radius 1r   

Supposing Tn  remains unchanged, as initial radius increases, less energy is needed to remove 
the debris, but the total time increases. (Fig.1) 

We also have  
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Similarly, we choose: 
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Fig. 2 a. The curve of  V∆  and initial radius Tn  ; b. The curve of  t  and initial radius  Tn  
Supposing 1r  remains unchanged, as Tn increases, more energy is needed to remove the debris, 

but the total time decreases. (Fig.2) 

4. Solving 

V∆  and t  represent the cost of expenditure and effect respectively. Define P  as the total cost，
which depends on V∆  and t . It can be described as the following equation. 

P A V B t= ∆ +                                                                                                                            (12) 
Where A  and B  are the weight value of V∆  and t  respectively. A  and B  link tightly with the 

detailed method that is chosen to deorbit the debris, which should be assigned according to the actual 
circumstances by proper weight assignment methods. 
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As the model shows， V∆  and t  are the function of 2r  and 1r . The equation could be specifically 
described by the usage of those two main indicators. After the simplified treatment, we can get, 
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According to the discussion，the effect on P  of  2r  and 1r  varies with the value and ratio. When 
the radius before and after the debris deorbit is determined, most of the parameters will be assured. 
Therefore, the total cost depends on the way which is chosen.  

This model could be converted into codes and performed by computers, which could form a 

feedback system. (Fig. 3） 
Fig. 3 decision-making system for the best way to deorbit the debris 

5. Summary 
In this paper, we establish a space-debris-deorbit model which can explain how the radiuses before 

and after obit changing affect the energy and time which is needed for removing the debris. After 
analyzing the model, we get the following conclusions: When the ratio between 2r  and 1r  remains 
unchanged, as initial radius increases, we need less energy to remove the debris, but the total time 
increases. When the initial radius remains unchanged, as the ratio between 2r  and  1r  increases, we 
need more energy to remove the debris, but the total time decreases.  

As time and energy link tightly with cost which varies with the specific circumstances, we set up 
another model about the total cost of deorbiting space debris during the solving process. Through the 
analysis of the cost model, a feedback system for choosing the best way to deorbit the debris is 
proposed. Most of the parameters which may affect the cost could be assured by measuring the 
location of the space debris. Thus, the total cost of the energy and time consumption depends on the 
way we choose. It is important to choose a reasonable way to clean up space debris. 
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