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Abstract- This study will be a combination of a review paper as well as a insight to the author’s own model and proposal. 
The aim of this paper is to support existing technologies geared entirely towards orbital debris mitigation and will serve as a 
follow up report and opinion on the issue and the recent advancements done to solve the issue. The paper will also assess the 
feasibility of models proposed by space faring organizations. 
The Focus of the paper is about to 

1.  Review all the major strides undertaken so far to mitigate the space debris population. 
2.  To outline the current status of the space debris mitigation methods undertaken by various space agencies so far. 
3.   Review models proposed for space debris mitigation and to assess their feasibility. This includes model costs and 

the budget estimates by space faring nations 
Moreover apart from the reviewing of the above, this paper also explains the model proposed by our team . This model is a 
Particle Accelerator of a oscillating field type using electromagnetic fields to propel particle radiation charged particles to 
nudge incoming space debris into earth orbit so that it gets incinerated due to friction in the earths atmosphere as it descends 
further. This model shall be explained further as the paper progresses. 
 
 
I. INTRODUCTION 
 
Space debris or Orbital debris or space junk are the 
collection of defunct and former functional man- 
made objects in orbit around earth. The objects may 
include natural pieces of rocks separated from 
asteroids dubbed as “Micrometeroids” or parts of 
man made earth orbiting satellites, either relatively 
disabled or old and fragments from satellite collisions 
and anti satellitetests such as the recent 2007 China 
ANTISAT test. Space Debris can be categorized into 
2 types- 
 

1. Large debris- Debris which are larger than 10 
cm and comprising only an fraction of the total 
space debris population. They number only 
about 20000 

2. Small debris- Debris which are smaller than 1 
cm in length and comprising the overwhelming 
majority of the total debris population. They 
number about 100 million 

 
The space debris are usually situated in the LEO 
(Low Earth Orbit) and MEO (Medium Earth Orbit) 
with very few space debris situated in the HEO (High 
Earth Orbit). The LEO orbit extends to about 2000 
km from the Earths Atmosphere. A majority of the 
debris are found here orbiting at hypervelocity speeds 
,i.eat least 10 km/sec. The highest concentration of 
space debris are found between 800-850 km.Most 
orbiting satellites hover around this range , with the 
ISS(International Space station) a little lower at a 
range of 500-600 km 
 
The space debris problem has been a relatively 
serious one as it is a potential hazard to every 

possible future space mission planned, because even a 
small 5cm space debris piece when travelling at about 
10 km /s collides with a satellite, the impact will 
disable the satellite even though it is of a 
micrometeroid shape. The unique problem in space 
debris which cannot be ultimately ignored, is that if a 
simple debris hits a spacecraft or a satellite , it will 
cause a continuous chain of reactions i.e more space 
debris are formed as a result of the impact.  
 
This continuous chain of reactions is called as the 
Cascading Effect.The scenario in which this set of 
events, the collision of debris will increase the 
probability of further collisions, therefore creating  
further space debris is known as Kessler Syndrome. 
The space debris problem has only intensified over 
the years despite several mitigation processes 
undertaken by space agencies and many space faring 
nations. Although steps have been taken over the 
years to find a solution to the problem, the amount of 
space debris in space has been multiplying since then. 
 
Morever NASA and other space agencies predict that 
despite the mitigation and control steps undertaken 
the space debris will increase gradually over the next 
200 years which will be a potential disaster to many 
new upcoming space endeavours planned or yet to be 
planned. It has been estimatedthat ,should the ISS be 
destroyed in an event, it would result in a mega 
cascade of several thousand debris particles which 
would make it impossible for any space faring nation 
or agency to launch a satellite for the next 50 years. 
 
The present saturation of so many space junk in the 
LEO orbit has only increased the likelihood of ’’close 
calls’’ and near misses by working satellites. It has 
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been disclosed by NASA that the ISS has to perform 
atleasta  ‘’Evasive Maneuver’’ every year to prevent 
collision with space debris. In 2012 there was a 
whopping four such maneuvers undertaken by the 
ISS to prevent a collision. Studies have shown that 
this number will only Quadruple over the next decade 
if no serious mitigation processes is undertaken. 

 
Fig 1 Source-space.io0.com-A History of garbage in space 

 
II. THE LONG TERM OBJECTIVES SET BY 
THE SPACE COMMUNITY – 

1. To create a zero debris filled exosphere 
2. There should be no need for any correction 

maneuvers undertaken by any satellite for fear 
of collision  

3. No Unauthorized ANTISAT TESTS and 
missions hostile to current and future space 
endeavours. 

4. Debris creation should be zero in the LEO 
Orbit identified as the protected zone, as this is 
the zone which is more vulnerable to debris 
collision 

 
III. REVIEW OF THE MAJOR FINDINGS 
UNDERTAKEN BY THE SPACE COMMUNITY 
SO FAR – 
Here are the reviews made by our team on  the recent 
progress made in space debris removal and mitigation 
undertaken so far , 
 
1. USING LASERS IN SPACE, Laser Orbital 

Debris Removal and Asteroid Deflection by 
Jonathan W. Campbell, Colonel, USAFR, 
December 2000 

The above mentioned papers primary goal was to 
effectively bring about orbital debris removal by 
using laser radiation. The author is a scientist at 
NASA and he was part of the team at NASA which 
proposed to use laser radiation to ablate space debris. 
The term Ablation refers to removing material from a 
solid or in some cases liquid surface by irradiating it 
with laser. The Laser beam will be a ground based 
system and is called the Broom.  
NASA Research team indicated that this Laser broom 
will have enough power to penetrate through the 
ionosphere and the upper parts of the atmosphere 
with the remaining power used to ablate the material 
from the debris . This ablating material will impart a 

momentum and can alter velocity to the tune of 250 
meters per day. 
REVIEW – Despite NASA’s claims , Our Team joins 
other groups of the space community to point out  
that LASER is too powerful for a radiation system to 
be used as the ablation process might result in 
creating more small debris and end up creating 
problems down the line. Besides there is no guarantee 
that the ground based laser system would work. 
Assuming that it tears through the upper parts of the 
atmosphere, there is always a possibility that its 
remaining energy gets dissipated as it moves further 
up. Morever a debris trajectory is always 
unpredictable and despite the calculations done, there 
is every chance that the laser broom fails to impact its 
target. Therefore, further research has to be done in 
this regard to form a cohesive agreement. We also 
commend the space community whose studies have 
shown that the proposed ground centered laser 
powered propulsion system can be replaced by 
placing the laser beam system on a space vehicle. 
 
2. Position Paper On Space Debris Mitigation 

Implementing Zero Debris Creation Zones By 
Esa On 15th October 2005 

The primary goal was to identify two space zones as 
protected regions, one is the LEO Orbit extending to 
about 2000 km in altitude and the GEO ( 
Geostationary Earth orbit) Extending to about 36000 
km in altitude from earth’s surface. Their results 
obtained was new methods to prevent and minimize 
debris creation. Some of this methods recommended 
were the use of a “ ELECTRODYNAMIC TETHER” 
a device which can act as generators and the electrical 
current generates a Lorentz force which increases 
atmospheric drag. One more possible solution 
recommended was the use of the “MAILMAN” ,a 
cascading model which identifies a group of debris in 
the upper stages of the orbit ,  meeting them and 
performing a deorbit along with them with the help of  
a  tether. 
REVIEW -  The cascading model if applied could be 
a counterbalance to the cascading effect, and will 
help in widespread elimination of space debris which 
could spell good news for the spacefaring nations . 
Our Team also notes that a tethering connection could 
herd large sized debris as well like a towing 
automobile , ultimately incinerating into the 
atmosphere. The Japanese version of the 
electrodynamic tether will even be more efficient as 
the magnetic fields in LEO orbit tend to be quite high 
and they use a tether system which functions like a 
Trawler and uses generated electricity to slow down 
debris and thereby sending them into the earths 
atmosphere. 
3. Analysis Of The 2007 Chinese Asat Test And 

The Impact Of Its Debris On The Space 
Environment, 2007  

The primary goal was to identify the impact and 
implications for future space missions that this 
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ANTISAT test has caused The direct-ascent ASAT 
test conducted by the PRC on 2007 January 11 was 
the worst debris-generating event on record, 
generating at least 2,087 pieces of debris large 
enough to be tracked by the US SSN. It far surpassed 
the previous record of 713 pieces from the explosion 
on June 3 ,1996  of the Pegasus rocket body used to 
launch . They found out that” This event has 
significantly increased the amount of debris in Earth 
orbit and much of the debris will likely remain in 
orbit for centuries. This 20 percent increase in the 
number of objects in Earth orbit has produced a 37 
percent increase in predicted conjunctions. The 
implications of these findings is that this debris will 
further complicate satellite operators attempts to 
avoid on-orbit collisions and will present a continual 
and increasing challenge for maintaining space 
situational awareness.” 
REVIEW -  The space community will have to 
entirely set up guidelines which prohibit the 
authorization of such tests as they end up causing 
irreparable consequences. It only makes the problem 
worse than it already is, as it increases the collision 
probability per year for any spacecraft. The saturation 
of so many debris will result in an uncontrolled 
cascade in a few decades time if measures are not 
taken to control the space debris growth 
 
4. Active Space Debris Removal :Needs, 

Implications And Recommendations For 
Today’s Geopolitical Environment, Megan 
Ansdell,2009 

The main goal of the Authors Paper was to establish 
the difference between mitigation and removal. The 
conclusion and the result , the author obtained was 
there are two ways to reduce space debris mitigation 
and Removal. Mitigation refers to reducing the 
creation of new debris, while removal refers to either 
natural removal by atmospheric drag or active 
removal by human made system. 
 
REVIEW- Our Team agrees with the authors 
conclusion because there is always a misconception 
that both removal and mitigation mean the same 
whereas there is actually a underlying meaning which 
sets them apart. The Team notes that this is precisely 
why Space Agencies have two separate guidelines for 
Removal and Mitigation respectively. 
 
5. Analysis Of Observed And Simulated Light 

Curves Of Space Debris , Proceedings Of 
International Astronautical Conference , 
Carolinfr¨Uh 2010 

The primary goals undertaken was to observe Light 
curves of simple shapes under different lighting, 
viewing conditions, and rotation states and then  
simulate. The experience gained there was then used 
to be able to better appraise the real light curve 
measurements and their analysis. The results obtained 

were “a pattern recognition algorithm was developed 
and tested on the simulated light curves”. 
 
REVIEW- The Team agrees with the author that 
recognizable pattern algorithms developed will help 
the space community to understand the space debris 
to the basic nature and it would help us to equip 
better to deal with the problem and to find a solution 
for it. 
6. The kessler syndrome: implications to future 

space operations donald j. Kessler, nicholas l. 
Johnson, and j.-c. Liou, and mark matney, 
february 10, 2010 

The primary goals of the paper was to examine “ the 
creation of a debris belt’’ prediction made in 1978 
,test them against current data and more refined 
models, and examine alternatives for controlling the 
future orbital debris environment. The results 
obtained only strengthened the fact that the Kessler 
syndrome is the primary cause for creation of orbital 
debris further strengthening the credibility of the 
1978 prediction , these results obtained was from data 
compiled and compared from the models ‘Post 
mission disposal’, ‘Active Debris Removal’ and 
Active Collision Avoidance 
REVIEW -  The team joins the author in stating that 
while models proposed and applied for space debris 
mitigation and removal , have tried to slow down the 
growth of space debris , the growth in space debris 
due to random collisions have not been slowed yet. 
This is because of saturation of space debris has 
increased the likelihood of head on 90 degree 
collisions which are the major culprits for creation of 
newer and smaller debris. 
 
7. De-orbiting envisat k. Raymer, t. Morris, o. 

Youle, b. Jordan ,  department of physics and 
astronomy, university of leicester, leicester,  
october 9 2013 

The primary objective of the above paper was to 
address a way to prevent future collisions. And they 
attempted to explain the way using an example 
‘ENVISAT’ launched by the ESA. The author also 
investigated as to  what is considered a safe orbit and 
how feasible it would be to put it there. The results 
obtained pointed out that it would take around 140kg 
of fuel to move the satellite ENVISAT to a point 
where it would naturally return to the earth’s orbit 
within 25 years. 
REVIEW-It is interesting to note that the most 
unexpected failure in missions end up as the biggest 
problems. It is estimated that 2 or 3 operating 
spacecraft will come very close to ENVISAT defunct 
satellite every year and hence may have to perform a 
evasive maneuver each time. The only solution is to 
import the fuel required to shorten its lifespan but the 
major problem remains is that it is fairly expensive to 
import so much fuel into the satellite for a simple 
course change. 
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8. History Of Space Debris, Loretta Hall , 
Erau Scholarly Commons , Nov 6th 2014 

The primary objective of this paper is to investigate 
the origins of space debris, their types , their source 
and causes , their proliferation and saturation and the 
evolution of collision probabilities. The results 
obtained were analaytical calculation and proofs 
created for likelihood of collision probabilities 
REVIEW-  No significant breakthrough can be made 
without the base knowledge and understanding of 
how, why and when space debris are formed. When 
the space agencies collaborate to chart out collision 
probabilities then any collision or mishap of any kind 
can be averted . If the space debris population has to 
be effectively stopped then we must eliminate the 
creation of further space debris by minimizing 
collisions and other factors and then focus on 
removing the present  debris in the various orbital 
zones. 
The above reviews are made after careful and 
cohesive arguments on the papers from the past 
decade to the present (2000-2015). Besides this , we 
propose a model which will help in space debris 
removal. 
 
IV. POTENTIAL ORBITAL DEBRIS 
REMOVAL METHOD – THE ‘ACCELOSAT’- 
 
Our model is dubbed the ‘ACCELOSAT’. It is a 
particle accelerator model placed on a spacecraft of a 
oscillating field type which uses electromagnetic 
fields to propel particle radiations, radiation of energy 
at high speeds to nudge incoming space debris and 
increasing their orbital drag upon impact, thereby 
slowing them down . Since the ACCELOSAT uses 
radio frequency electromagnetic fields to propel 
charged particles, there is no question of electrical 
breakdown as in the case of electrostatic accelerator . 
Since this radiation is a non ablating type, there is no 
fear for new debris being created. The particle 
radiation are contained in well defined beams and 
concentrated on incoming hypervelocity projectiles, 
micrometeroids and debris. Upon impact a thrust is 
created which increases the atmospheric drag and 
reduces the lifespan of a debris drastically. The more 
time the beam is imparted on the debris, the more 
slow the debris will become. The Accelosat also only 
focuses on debris which are smaller than 5cm in size.  

 
Fig 2  Source - CC BY-SA 3.0 Linear oscillating field type 

particle accelerator by ISING/Widoroe 

Since most of the debris population is less than 5 cm 
in size, it makes it more harder for the accelerometer 
to focus its beams. Hence with advanced optics and 
spectroscopy and with the help of tracking systems 
such as NORAD (North American Aerospace 
Defense command), we have estimated that it is 
possible to remove about 10 – 15 space debris a day 
in the lower orbits at a reasonable cost.` 
Our model will be based on and look very similar to  
the above Fig 2 Model shown which is the basis for 
all modern accelerators. We have proposed that the 
model will be placed atop a space vehicle at an 
altitude of 850 km from Earths atmosphere where 
small debris are very much saturated . We also 
estimate that the particle beams fired towards a space 
debris itself will provide the momentum for the 
Accelosat to chase the next target. A space debris 
orbital drag will cause it to eventually incinerate into 
the earths atmosphere. For debris at higher altitudes 
the momentum caused against the motion of the 
debris will cause it to go on a calculated orbital 
decay. Gradually it will enter destructive reentry 
mode. 
Let us assume that the mass of the particle accelerator 
along with the space vehicle is 10000km, Now the 
energy required to keep pace with the hypervelocity 
projectile debris after a successful hohmann’stransfer  
is calculated as follows 
E=1/2 mv2=0.5×10000×(11000)2=6.05×10^11 joules 
Where v = 11 km/s hypervelocity motion at 850km 
altitude. This kinetic energy produced will keep the 
satellite in pace with the debris. 
 
CONCLUSION  
 
Despite the models proposed so far to curb the space 
debris problem ,there has not yet been a significant 
result or a model which is of reasonable cost and 
saves a lot of time. There have been some moderate 
successes such as the “ Slingshot” , “ Sail suicide”  
and Nets but not yet enough to circumvent the whole 
problem. As stated above, despite repeated efforts by 
the space community , the amount of space debris 
will only keep multiplying over the next 200 years 
until otherwise a breakthrough is done in orbital 
debris removal and mitigation. 
It is in our teams interest that our model 
“ACCELOSAT” makes a tiny impact as a proposalás 
with the other models. It is imperative that the space 
agencies create a cumulative effort in bringing down 
the space debris population since the more it 
proliferates, it will become impossible for future 
space travel as per the papers we have reviewed and 
the estimates given by the scientific community  
 
REFERENCES  
 

1. http://www.esa.int/esapub/sp/sp1301/sp1301.pdf 
accessed on 10/4/2015 

2. http://commons.erau.edu/cgi/viewcontent.cgi?article=10
00&context=stm accessed on   15/4/2015 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-3, Issue-7, July-2015 

 Review Paper On Orbital Debris Mitigation And Removal And A New Model Insight 
 

61 

3. http://www.thespacereview.com/article/2602/1, Are 
solar power satellites sitting ducks for orbital 
debris,22/9/2014 

4. http://webpages.charter.net/dkessler/files/Kessler%20Sy
ndrome-AAS%20Paper.pdf , 10/2/2010 

5. http://www.spaceacademy.net.au/watch/debris/gsd/gsd.
htm , Australian space academy , 2010 

6. http://physics.le.ac.uk/journals/index.php/pst/article/vie
wFile/621/424 , 9/10/2013 

7. http://www.aerospace.org/cords/space-debris-basics/ 
N.D 

8. http://www.princeton.edu/jpia/past-issues-
1/2010/Space-Debris-Removal.pdf,MeganAnsdell, 
2009 

9. http://www.nasa.gov/mission_pages/station/news/orbita
l_debris.html, N.D 

10. http://link.springer.com/chapter/10.1007%2F978-94-
017-2304-6_5 , Accessed on 9/4/2015 

11. http://en.wikipedia.org/wiki/Space_debris  
12. http://www.au.af.mil/au/awc/awcgate/cst/csat20.pdf , 

Using Lasers in Space ,Accessed on 10/4/2015 

 
 
 
 
 
 
 
 


 
 
 

 

 

 

 

 

 

 


