
IGNSS 
 

Positioning Performance Evaluation  

of Regional Ionospheric Corrections  

with Single Frequency GPS Receivers 

Contact Info. 
Organization: Data Science, SEF, QUT 
E-mail: wenjiao.liu@hdr.qut.edu.au 

Wenjiao Liu,  Huiben Zhang,  Charles Wang,  Yanming Feng,  Xuan Hu 

07/2015 

Queensland University of Technology 



Requirement Solutions 

Meter 

Sub-meter 

Decimeter 

Centimeter 

1 of 23 

Background 

ÅSingle-frequency decimetre 
positioning services 

Contact Info. 
Organization: Data Science, SEF, QUT 
E-mail: wenjiao.liu@hdr.qut.edu.au Queensland University of Technology 

GNSS Services and Applications 
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Requirement Solutions     Ionospheric Correction 

Meter SPS, PPS 

Sub-meter SBAS: WAAS, EGNOS 

Decimeter 

Centimeter SF/DF-RTK, DF-PPP 

ÅKlobuchar: navigation message 

ÅGIM: Global, geometry-free, phase-smoothed code 

ÅRIM: Regional, higher density network 

ÅSIM: Station-based, surrounding stations 

Klobuchar,  GIM 

 RIM GIM, 

RIM, SIM 

GNSS services and applications 

SPP, SF-PPP 

Network RTK, Ionosphere-free 

Australian Regional Ionosphere Correction 
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AusRIC generation 

ÅSIM: slant TEC values 
along signal paths for 
each station 

Ionospheric Correction 

  
IPP (Ionosphere 
        Pierce Point) 

Ionosphere 

single layer 

Earth 

  Station1    Station2  ↓   

RIM 

ÅFundamental difference: extraction of the slant TEC values  

SHF 



i: frequency fi 
c: speed of light 
         : satellite and receiver clock errors 
T, I : troposphere and ionosphere delays 
         : instrumental code delays 
k : carrier phase ambiguity, instrumental phase delays 
e : multipath, noise, antenna phase centre offset 
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AusRIC generation 

ÅRaw data 

Ionospheric Correction 
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AusRIC generation 
Ionospheric Correction 

ÅStation-based: raw data streams are processed individually 

ÅMain difference: geometry-based  

UD-UC-PPP:                                      are held fixed (left side) 
Unknowns:                                                              (right side) 
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ÅSite solution exchange (SITEX) format 

Ionospheric Correction 
AusRIC generation 

vTEC 
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How User Deal with It? 

ÅRegional Ionosphere Map (RIM) - a grid map on ionosphere layer  

Ionospheric Correction 

ÅGrid size:       2.5x5  to 1x1 degrees 

ÅTime resolution: 1 hour to 5 minutes   

Longitude ‗ 

E0,1 
E1,1 

E0,0 
E1,0 

Latitude • 
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How User Deal with It? 

ÅStation-based Ionosphere Map (SIM) 

 

 

 

ÅAdvantages 

o Real-time 

o Test and exclude outliers 

Ionospheric Correction 

Base 1 

Rover 

Base 2 

Base 4 
Base 3 

Base 5 
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Corrections for Other Error Sources 
Differential Code Biases (DCB) 
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ÅPCO, PCV 

 

 

ÅSolid earth tides 

 

 

Åphase wind-up 

Corrections for Other Error Sources 
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Å January 1st  2014 

Å197 stations within Australia 

Åmodified RTKLib software 

Experiment 
Evaluation data sets 

o Red   (200): RIM 
o Green (20): CODE-released GIM 
o Blue    (25): user receivers 
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Experiment 
Evaluation Strategy 

Configuration PPP SPP 

Ionosphere delay GIM, RIM, SIM GIM, RIM, SIM 

Troposphere delay Estimated Saastamoinen model 

Ephemeris & clock IGS final product IGS final product 

PCO/PCV Corrected Corrected 

Earth ocean tides Corrected Corrected 

Phase windup Corrected Not corrected 

Elevation cutoff 10° 10° 

Sample rate 30s 30s 

Coordinate Estimated Estimated 

Receiver Clock Estimated Estimated 

Satellite DCB IGS product IGS product 

Ambiguity Continuous  / 



13 of 23 
Contact Info. 
Organization: Data Science, SEF, QUT 
E-mail: yanming.feng@qut.edu.au Queensland University of Technology 

Results 
Australian Regional Ionosphere Map 

GIM : 2.5°×5°, 2 hours            

RIM : 1°×1°, 5 minutes 

ÅSpatial resolution    (lat: 0~-55; lon: 105~165) 
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Results 
Australian Regional Ionosphere Map 

ÅGIM or RIM vTEC ‒ the “real” vTEC 

ÅTrue value: SIM  

ÅDescending trend with elevation growing 



SIM with surrounding stations 
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Å SPP 
 
 

Å PPP 

ÅDifferent baseline length: 150 km ~ 300 km 

150km             200km                250km                300km 

Results 

X Positively or negatively correlated with ↑station number 



SIM with surrounding stations 
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SIM with surrounding stations 
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Results 

ÅThe station geometrical distribution needs to be quite 
symmetrical and compact.  

ÅRadius of 300km  ->  five surrounding stations 

ÅBNDY: one nearest station instead of interpolation. 



Quality of ground-interpolated SIM 
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ÅThe quality of interpolating with surrounding stations is 
acceptable for sub-meter or decimetre level applications.  

Results 

Å Biases for all 
satellites at 
STR2 

Å RMS value of 
TEC biases 

RMS = 0.2256 TECU 
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ÅAll-day RMS for the 25 user receivers, 80% of which are under 
0.5 TECU. 

Accruacy of ground-interpolated SIM 
Results 



Comparison of Three Ionosphere Corrections 
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Å SPP 

 

 

Å PPP 

Results 

Å GIM: great fluctuation 
Å SIM/RIM: good consistency 

Å No plain convergence time 
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Results 
Comparison of Three Ionosphere Corrections 

ă SPP 

PPP Ą 

SIM            RIM             GIM  
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1σ  RMS  / m SPP SF-PPP 

GIM 

E 0.284 0.269 

N 0.360 0.227 

U 0.715 0.545 

RIM 

E 0.178 0.125 

N 0.222 0.131 

U 0.553 0.344 

SIM 

E 0.175 0.106 

N 0.216 0.096 

U 0.513 0.254 

Results 
Comparison of Three Ionosphere Corrections 
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Conclusions 

Å We have developed capability for generating regional ionosphere-
corrections to support single-frequency SPP and PPP precise navigation in 
Australia (hundreds of stations) 

Å The RMS accuracy of the ionosphere-correction ranged from 0.2 to 1 TECU 
at user ends, depending on the user’s locations  

Å Station-based Ionospheric Map: quality is acceptable for sub-meter or 
decimetre level applications; baseline length 300 km 

Å With AusRIC, decimetre SPP positioning precision has been achieved with 
high-end receivers. 

Å Testings for low-end solutions are on-going at QUT 
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