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Characterization of Ionospheric Phase Screens 
with the CITRIS Receiver on STPSAT1

� Objective: Reconstruct Real-Time Phase Screens for  
Multiple Frequency Scintillation Estimation

� New Satellites, Inclinations and Launch Dates 
� CERTO: Space to Ground Measurements

� Orbiting Beacon to Ground Receiver
� TEC and Scintillations
� Sampled Projections of Many Phase Screens 

� CITRIS: Ground to Space Measurements
� Ground Beacon to Orbiting Receiver
� TEC and Scintillations
� Sampled Projections from One Phase Screen 

� CITRIS Space-Based Receiver
� Conclusions



Major Ionospheric Propagation Effects
on Space-to-Ground Links

� Phase Fluctuations � Faraday Rotation
� Amplitude Fluctuations � Group Delay

� Absorption � Scattering

� Frequency Shifts � Multipath

(Ionospheric Radio, Kenneth Davies, IEE, 1990)



Radio Beacons for Ionospheric Characterization 
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NRL CERTO Radio Beacons 
and CITRIS Receiver
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CERTO Beacon Orbits



Radio Beacon Experiment Objectives
Program Goals
� Detect When and Where Radiowave Propagation Through the Ionosphere 

Is Adversely Affected by Scintillation and Refraction
� Provide a Global Map of Ionospheric Densities and Irregularities to 

Improve Current Models of the Ionosphere

Vertical TEC

(1016 m-3)

NWRA SCINTMOD
Scintillation Predictions

NRL SAMI3
TEC Predictions



Ionospheric Bubbles Dynamics
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Scintillation 
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CERTO RADIO BEACON GEOMETRY 
FOR TEC AND SCINTILLATION MEASUREMENTS

CERTO BEACON 
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Digital Propagator for Diffracted Waves

Beacon Transmission: Spherical Wave Front
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400 MHz Phase Projected from 
Satellite Beacon to the Ground 
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400 MHz Amplitude Scintillations Projected 
from Satellite Beacon to the Ground 

- 100 0 100 200 300 400
Horizontal RangeHkmL

- 15
- 10
- 5

0
5

10
15
20

edutilp
m

A
snoitautculF
HBdL - 100 0 100 200 300 400

0

200

400

600

edutitl
A

HmkL
- 100 0 100 200 300 400

Horizontal RangeHkmL
- 15
- 10
- 5

0
5

10
15
20

edutilp
m

A
snoitautculF
HBdL - 100 0 100 200 300 400

0

200

400

600

edutitl
A

HmkL

- 100 0 100 200 300 400
Horizontal RangeHkmL

- 15
- 10
- 5

0
5

10
15
20

edutilp
m

A
snoitautculF
HBdL - 100 0 100 200 300 400

0

200

400

600

edutitl
A

HmkL

Beacon

Receiver

Beacon

Receiver

Beacon

Receiver



- 100 0 100 200 300 400
Horizontal RangeHkmL

- 15
- 10
- 5

0
5

10
15
20

edutilp
m

A
snoitautculF
HBdL - 100 0 100 200 300 400

0

200

400

600

edutitl
A

HmkL

400 MHz Amplitude Scintillations Projected 
from Satellite Beacon to the Ground 
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400 MHz Phase and Amplitude at 
Satellite Receiver from Ground Beacon
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CITRIS Host Satellite: STPSAT1 


