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PROBLEM DESCRIPTION 

Å The number of space objects 
such as satellites, spacecraft, 
and debris are increasing 
significantly. 
ï 2007: Chinese anti-satellite missile 

test 

ï 2009: Iridium -33 collision with 
Cosmos 

Å ISS crew forced to run to escape 
capsule due to prediction failure 

 

Need for better tracking and 
prediction systems!  



CURRENT APPROACH 

More  
Tracking 
Stations 

Space Tracking 
organizations: 

Air Force Space 
Command (AFSCN) 

& 
hǘƘŜǊǎΧ 

Permanently track and 
predicts space activity 

Better 
Propagation 
Mechanisms 

Too Expensive! We go for this 
one! 



SATELLITE PROPAGATORS 

ÅBasically, they tell us when and where an orbiting 
object will be in the future 

ÅSeveral perturbations affects objects trajectories: 

ïNon-ÕÎÉÆÏÒÍ ÇÒÁÖÉÔÁÔÉÏÎ ÆÉÅÌÄ ɉȰ*ȱ #ÏÅÆÆÉÃÉÅÎÔÓɊ 

ïAtmospheric Drag 

ïSun Radiation Pressure 

ï3rd Body (Sun, Moon, Venus, etc) 

 



SATELLITE PROPAGATORS 

ÅDifferent propagators accounts for different 
perturbations effects: 
 

ÅTwo Body  

ÅJ2 Propagator 

ÅSGP4 

ÅHPOP 

 

- Earth Gravitation Force 

- Secular gravitation effects 

- 3rd Body (Moon and Sun) 

- Resonance Effects 

- Simple Atmospheric Drag Model 

- Near Earth & Deep Space Model 

 

 
άtǳōƭƛŎƭȅ ŀǾŀƛƭŀōƭŜ ŀƴŘ ǿƛŘŜƭȅ ǳǎŜŘ ōŜŎŀǳǎŜ ƻŦ  

ƛǘ ƎƻƻŘ ǇŜǊŦƻǊƳŀƴŎŜκǇǊŜŎƛǎƛƻƴ ŦƻǊ ǘǊŀŎƪƛƴƎ ǇǳǊǇƻǎŜǎέ 



SGP-4 PROPAGATOR 

ÅSGP4 Algorithm implies complex trigonometric 
calculations, but essentially: 

SGP4 

Initial Orbital 
Parameters 

(TLE) 

Time from 
Initial 

parameters 
(T) 

Position Vector  
& 

Velocity Vector 
In time T 

ά9ŀǊǘƘ /ŜƴǘŜǊŜŘ LƴŜǊǘƛŀƭ /ƻƻǊŘƛƴŀǘŜ wŜŦŜǊŜƴŎŜ {ȅǎǘŜƳέ 



SGP-4 PROPAGATOR IN OPEN-CL 

ÅWe implemented this algorithm in Open-CL to 
improve the execution performance in an 
heterogeneous system 

 
Ȱ! ÃÏÌÌÅÃÔÉÏÎ ÏÆ #05Óȟ '05Óȟ $30ȟ 

FPGA, and any processing 
ÅÌÅÍÅÎÔ ÉÎ Á ÇÉÖÅÎ ÐÌÁÔÆÏÒÍȱ 

Several orbiting 
objects propagated In 

parallel in many 
devices!  GMCH = graphics memory control hub, 

ICH = Input/output control hub  


