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ABSTRACT 

Collision probabilities of objects with and without post mission disposal (PMD) devices and active debris removal 
(ADR) are evaluated and discussed. The collision probability is calculated considering the size of the object and the 
colliding objects by integrating the collision flux by ESA’s MASTER and NASA’s ORDEM. It is also calculated 
using a debris evolutionary model named NEODEEM developed by Kyushu University and JAXA and the results 
are compared. Firstly, collision probabilities for each size, orbit, time are calculated and compared (Fig. 1). If a 
satellite utilize drag augmentation devices or tethers for PMD, collision probability per unit time will increase but 
the collision with membrane or tether will be non-catastrophic collision. Thus collision probability with original 
body and hard part of the PMD device such as end-mass are calculated separately. When the altitude of the object is 
lowered by atmospheric drag or electromagnetic force, the collision probability changes accordingly, thus 
cumulative collision probability is calculated and discussed (Fig. 2). Deorbit time period with atmospheric drag and 
electromagnetic force is calculated by the numerical simulations base on precise model. If an object is in lower 
altitude, it has smaller cumulative collision probability until it reenters, although it may have higher collision 
probability at the time of calculations. Collision probability in case with large constellations are also discussed (Fig. 
3 and 4). 

                 

              

    

    
Fig 4: Cumulative collision probability of spacecraft in 
1200 km (left) and 650 km (right) with large constellation 

Fig 3: distribution with large 
constellation of 60% PMD 

Fig 2: Cumulative collision probability 
for each PMD case 

Fig 1: Total expected collision 
: Σ(Expected collision are(x)*diff_flux(x)) 
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