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 Topside tomographic reconstruction   

 Desired Future LEO Satellites’ Data 

Occultation density and its validation with 
different data sets   

Global Data Coverage 



Global Ground- and Space-based 
GPS data coverage 



The two most important type of 
LEO GPS observations 

GPS_1 

EARTH 

LEO Satellite 

Elevation 
angle 

GPS_2 

Ionosphere 

Horizon of 
LEO 

Occultation geometry 

Topside tomography 
raypath 

Yizengaw and Carter, 2016 

METOPA 
TerraSAR-X 

SACC 
COSMIC 
CHAMP 



August 9, 2008 

LEO GPS Occultation Data 

Yizengaw et al., JASTP, 2011 

Magnetometer at off the equator 

Magnetometer at  the equator 
BObs = Bmain+BSQ+BFAC+BRC+BMP 

BObs = Bmain+BSQ+BFAC+BRC+BEJ+BMP 



Global Statistical Studies using  LEO 
Occultation  

Yizengaw, JGR, 2012 



Global Statistical Studies using  LEO 
Occultation  



Habarulema and Yizengaw et al., JGR, 2014 

Validation of LEO Occultation Profiles 
with Ionosonde Measurements 



 Yizengaw et al., JGR, 2012 

Validation of LEO Occultation Profiles 
with ground-based tomography results 



Yizengaw and Carter, 2016 

Comparison of F-layer peaks from Ground-
based Tomography and LEO Occultation  



Tomographic Application on Topside LEO TEC 



Tomographic Application on Topside LEO TEC 



Yizengaw et al., JGR, 2005 

Webb & Essex, 2004 

Tomographic Application on Topside LEO TEC 



Desired Future LEO Satellites’ Data 

GPS 
GPS+GLON 

GPS+GLON+GAL 



Summary and Conclusion  
 There is no doubt that the LEO GPS data provide 

significant contribution to the mitigation effort of the space 
weather impact on communication and navigation systems.  

 Topside tomographic imaging technique gives us good 
opportunity to view the detail structure of topside 
ionosphere and plasmasphere which can not be possible 
from the ground due to F-region density dominance.  

 Having multi-channel GPS receivers onboard future LEO 
satellites will allow us to obtain significantly high 
resolution global ionospheric structure, which is very 
important to understand the space weather impact on our 
communication and navigation systems. 



General Instrumentation in Africa 

Eight Years ago This Now! 

Thank you!   





East Africa West America 

Tomographically reconstructed 
density profiles 



Tomographic Application on Topside LEO TEC 

Yizengaw et al., GRL, 2006 

Tomographically 
imaged ion outflow: 
from its source to 
its sink region.  



Yizengaw et al., GRL, 2006 



Courtesy to Valladares 

Resource for Tomography 

2007 

Harmonic background profiles 

Background profiles 



Q Fill each pixel with initial 
electron density guess, which 
can be obtained from model 
profiles. 

Q Calculate TEC for the current 
raypaths through initial guess. 

Q Using an iterative fashion, the vertical electron 
density profile then can be calculated as:  

Q Divide the imaging region in to number of pixels 
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Which ensures that the 
correction remains stable 

Disturbed day Quiet day 

CIT Inversion technique 
10

E
-2

 T
E

C
U

 

10
E

-2
 T

E
C

U
 


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22

