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GNSS Receiver: Designed for Navigation 

GNSS Receiver 
h(t) 

Input: Output:  
GNSS signals + 
Nuisances 

Radio Frequency Front End 

ADC 
Signal Conditioning: 
•  Filtering 
•  Down-conversion 

RX Sig. Processing: 
(carrier phase, I/Q, 

pseudoange, 
Doppler, C/N0) 

Navigation 
Processing 
(SV orbit, 
error corr.) 

IF samples 
1~10MHz 

Signal parameters 
10~100Hz 

PVT 
1~20Hz 

(Signals + Nuisances) X h(t) = Output 
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GNSS Remote Sensing Cycle  

Ionosphere 
Monitoring 
Receivers 

Ionospheric 
Effects 

High Quality 
Data 
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Data Collection Systems Deployment 

Gkona
Alaska

Arecibo,	  
Puerto	  Rico

Hong	  Kong

Singapore

Jicamarca,
Peru

Ascension	  
Island

Established/Approved	  Sites
Planned	  Sites

Magnetic	  equator
±15o	  Magnetic	  latitude
50%	  Auroral	  oval	  
90%	  Auroral	  oval

Background	  map	  and	  geomagnetic	  
boundaries	  of	  interests	  courtesy	  of	  
James	  Secan,	  Northwest	  Reseach	  
Associates,	  Inc.

Ohio

Poker	  
Flat Sondrestrom

Greenland

Haleakala
Hawaii

Ethiopia

Colorado

July	  2015	  -‐	  P	  	

04/17-‐27/2015	

8/2014	  -‐	  P	
8/2010-‐1/2014	

5/2012	  -‐	  P	  	

3/2012	  -‐	  P	

11/2012	  -‐	  P-‐	  	
3/1-‐10/2013	

12/2008	  —7/2014	

5/2011	  -‐	  P	

1/2015	  -‐	  P	

Chile 
12/2015 -  

South Korea 

Indonesia 

Calcutta, India 
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E-DAS: Event-driven Data Acquisition System 

Commercial ISM 
Receiver

RF Front End 1

RF Front End 2

RF Front End N

Space 
Weather 
Events

Data Collection and Control 
Server

Space Weather Event 
Monitoring & Trigger 

Software

Circular Buffer

Circular Buffer

Circular Buffer

D
at
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S
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VPN

Data Center at 
Home Institution

In
te
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et

Advanced Receiver 
Signal Processing 
Algorithm Library 

Ionosphere 
Space Weather 
Studies 

GNSS 
Algorithm 
Development 

All Sat Nav  
Open Signals 

Remote 
Reconfigurable 
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Challenges/Questions 

5. How to correctly compute TEC during scintillation? 

1. How to maintain lock of signals during strong scintillation? 

3. How to interpret ionosphere states and processes from 
GNSS measurements? 

4. How to improve navigation solutions accuracy and 
robustness during ionospheric scintillation? 

2. How to design receivers to accurately capture ionosphere 
scintillation signatures? 
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TEC 101 

ρ1 = r +δr +B1 + I1 +Mρ1 +ερ1

I f =
40.3TEC

f 2

Pseudorange:  

If: ΔM,Δε ≈ 0,ΔBcanbeestimated

ΔI = 1
β
×TEC

Δρ = ΔI +ΔB+ΔM +ΔεDual frequency difference: 

Δρ −ΔB = ΔI

ρ2 = r +δr +B2 + I2 +Mρ2 +ερ2

Since: 

TEC = β × Δρ −ΔB( )

Pseudorange-based TEC estimation 
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But            ΔM,Δε ≠ 0
φ1 = r +δr +B1 − I1 + N1λ1 +Mφ1 +εφ1Carrier phase:  
φ2 = r +δr +B2 − I2 + N2λ2 +Mφ 2 +εφ 2

CMC1 = ρ1 −φ1 −α1(φ1 −φ2 ) =Mρ1 +ερ1 + b1

Code-Minus-Carrier observables: 

CMC2 = ρ2 −φ2 −α2 (φ1 −φ2 ) =Mρ2 +ερ2 + b2

α1 =
2 f2

2

f2
2 − f1

2

α2 =
2 f1

2

f2
2 − f1

2

Multipath & receiver noise can be estimated using these observables 
to correct pseudoranges: 

ρ1 = r +δr +B1 + I1 +Mρ1 +ερ1
ρ2 = r +δr +B2 + I2 +Mρ2 +ερ2

ρ1c = ρ1 −Mρ1 −ερ1 = r +δr +B1 + I1
ρ2c = ρ2 −Mρ2 −ερ2 = r +δr +B2 + I2

TEC = β × Δρc −ΔB( )Pseudorange-corrected TEC 
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Why Is it Difficult to Estimate TEC During Scintillation? 

Incident wave front:  
•   uniform phase 
•   uniform amplitude 

 

Ionosphere 

Ground 
Diffraction pattern 

Wave emerging below irregularities: 
•  non-uniform phase 
•  non-uniform amplitude 

Satellite velocity 

Plasma turbulence 

Incident radio wave 

1. What is the meaning of  
pseudorange and carrier phase? 
2. Scintillation lead to signal 
multipath propagation 
3. Large phase variations and 
signal fading may lead to signal 
loss lock, and carrier cycle slips 
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To Make Things More Complicated:  
There Are Different Measurement Types 

L1:  Civil signal 
 
L2C: Civil signal.  Only for satellites launched after 2005. 
 
L2P: Protected signals. On all GPS satellites  

•  We do not have knowledge of its code modulation 
•  Lower signal power 
•  Carrier tracking is aided by L1 channel 
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TEC Calculation Across Auroral   
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Conclusions 

•  Should try to use L2C whenever possible! 
•  Always correct multipath from pseudorange measurements! 

But, Are we really computing TEC 
using the conventional method?   

Be careful  
when interpreting your GPS receiver measurements 


